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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
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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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
by Cyrillic and Latin).

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: Treatment of biofilms is a priority in purulent
surgery. A biofilm consists of 75-85% extracellular polymeric
matrix and 15-20% microbial cells. Polysaccharides, proteins,
and extracellular DNA within the matrix protect bacteria from
adverse environmental factors (pH, antibiotics, phagocytosis).
Communication between bacteria occurs through the “quorum
sensing” system. Bacteria within biofilms are 100—1000 times
more resistant to antibiotics compared to planktonic forms. This
is explained by the limited penetration of antibiotics into the
matrix and the reduced metabolic activity of the cells. Bacteria
of the genus Staphylococcus, particularly Staphylococcus
aureus, are currently recognized as the main causative agents of
purulent-inflammatory diseases.

Objective of the study: to comprehensively assess the biofilm-
forming activity of staphylococcal strains isolated from patients
with purulent-inflammatory diseases of soft tissues (PIDs), as
well as to determine the characteristics of their sensitivity to the
main antimicrobial agents.

Materials and Methods: To achieve the objectives of the
study, we conducted a research project and examined 80
strains of the genus Staphylococcus isolated from purulent-
inflammatory diseases. Of these, 50 belonged to the main group
(MG) and 30 to the control group (CG). The identification
of species characteristics of the 80 strains from the main and
control groups was carried out based on their morphological,
cultural, and biochemical properties. In addition, these strains
were identified using MALDI-TOF mass spectrometry.

Results: Analysis of the obtained results showed that S.
aureus was predominant in both groups. During the study,
50 staphylococcal strains and two species—S. aureus and S.
epidermidis—were identified among samples collected from
patients with purulent-inflammatory diseases. In the control
group, out of 30 strains, only one species—S. aureus—was
identified. Biofilm-forming activity was also assessed based
on microcolony size, and the morphological and tinctorial
properties of isolated biofilm samples were studied. The field of
view, number of objects, and their proportion within the field of
view were calculated using digital images of the samples. The
following microcolony sizes were taken into account: up to 10
pm?, from 10 to 100 um?, from 100 to 1000 um?, from 1000 to
10,000 um?, and over 10,000 pm?.

Key words. Biofilm, purulent-inflammatory diseases,
Staphylococcus aureus, Staphylococcus epidermidis.
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Introduction.

Purulent-inflammatory diseases of soft tissues remain one
of the most pressing problems of modern surgery and clinical
microbiology, characterized by high prevalence, a tendency to
chronicity and a risk of complications [1]. In the structure of the
causative agents of these infections, the leading role belongs
to staphylococci, primarily Staphylococcus aureus, as well
as coagulase-negative staphylococci, which have significant
adaptive potential and a pronounced ability to persist in tissues
[2,3].

One of the key factors in the pathogenicity of staphylococci is
their ability to form biofilms, structured microbial communities
encapsulated in a matrix of extracellular polymers. Biofilms
provide microorganisms with protection from the effects of
innate and adaptive immunity factors, and also significantly
reduce the effectiveness of antimicrobial therapy [3,4]. It has
been shown that bacteria in biofilms can exhibit antibiotic
resistance exceeding that of planktonic forms by tens and
hundreds of times [5].

In recent years, a significant amount of data has accumulated
indicating that the ability to biofilm in clinical strains of
staphylococcus varies widely and may correlate with the level
of their antibiotic resistance [6]. Thus, it was found that strong
biofilm producers are more likely to demonstrate multidrug
resistance, including resistance to beta-lactams, macrolides,
and fluoroquinolones. At the same time, a number of studies
indicate the ambiguity of this relationship, which may be due to
differences in biofilm assessment methods, sources of clinical
material, and regional characteristics of circulating strains [7].

Objective of the study.

To comprehensively assess the biofilm-forming activity of
staphylococcal strains isolated from patients with purulent-
inflammatory diseases of soft tissues (PIDs), as well as to
determine the characteristics of their sensitivity to the main
antimicrobial agents.

Materials and Methods.

To achieve the objectives of the study, we conducted a research
project and examined 80 strains of the genus Staphylococcus
isolated from purulent-inflammatory diseases. Of these, 50
belonged to the main group (MG) and 30 to the control group
(CG). The identification of species characteristics of the 80
strains from the main and control groups was carried out based
on their morphological, cultural, and biochemical properties. In
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Figure 2. S. aureus cultivation on slant agar.




Figure 6. Determination of susceptibility to antibiotics by the disc diffusion method.
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addition, these strains were identified using MALDI-TOF mass
spectrometry.

Collection of Clinical Material:

The study was conducted at the Regional Clinical Hospital
of Karaganda and at a shared-use laboratory facility. For the
main group, the following materials were used: purulent
discharge, scrapings, and swabs collected before the initiation
of antimicrobial therapy. In the control group, swabs from the
nasal and oropharyngeal mucosa of healthy individuals were
examined. Samples were collected using sterile swabs and
inoculated onto slanted agar. Incubation was carried out at 37°C
for 24-48 hours.

Gould's method was used for quantitative analysis and culture
isolation. The material was inoculated into Petri dishes filled with
yellow salt agar (SSA) in four sections using a bacteriological
loop (sterilizing the loop after each section). Incubation: at 37°C
for 24-48 hours.

Assessment: The number of colonies was counted and the
number of colony-forming units (CFU/ml) was determined.

Clinical significance: 10°-10° CFU/ml — highly pathogenic;
10>-10* CFU/ml — normal microflora.

Smears were prepared from isolated colonies and then
stained using the Gram method. The smears were identified
using an immersion microscope. At this stage, the tinctorial
properties (Gram-positive) and morphological similarity of the
microorganisms were assessed.

Mannitol salt agar: S. aureus ferments mannitol on mannitol
salt agar, forming yellow colonies around the medium. Other
strains form red or small red colonies around the medium
(Figure 4).

Biochemical identification by sugar fermentation:

For biochemical identification, we used a carbohydrate medium
based on its breakdown into acid and gas. S. aureus breaks down
lactose, glucose, and sucrose into acid without gas formation,
ferments mannitol without gas formation, and produces
the aggressive enzyme plasmacoagulase. The specificity of
plasmacoagulase production in S. aureus distinguishes it from
other bacterial species of the genus Staphylococcus, as only S.
aureus is capable of producing plasmacoagulase. S. epidermidis

Table 1. Carbohydrate Fermentation.

Types of pathogens Lactose Glucose
S.aureus + +
S.epidermidis + +

Table 2. Distribution of Etiologic Agents by Clinical Types of IBD.

Clinical manifestations of inflammatory bowel disease of soft tissues

Skin abscess, furuncle, carbuncle.
N=32 (85%)

Skin phlegmon

N=18 (15%)

Table 3. Biofilm Formation Activity MG.

Main group
Pathogen Min Max
S.aureus 0,57 1,38
S.epidermidis 0,43 0,62
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breaks down glucose and sucrose into acid, and lactose into
acid and gas. It does not produce plasmacoagulase; mannitol is
shown in Table 1 "Carbohydrate Fermentation".

We inoculate Hugh-Leifson medium with bromothymol blue
indicator by injection. Activity is assessed by the color change
of the carbohydrates (Figure 5).

To refine the isolated pure cultures, MALDI-TOF MS was used,
based on comparing the "molecular fingerprints" of bacterial
proteins with a database of reference spectra. During the study, a
portion of a pure colony grown on CTA medium was spotted on
a 96-well steel plate (Bruker Daltonics, Germany) in duplicate
and air-dried. Then, 2 pl of matrix (a-cyano-4-hydroxycinnamic
acid in 50% acetonitrile and 2.5% trifluoroacetic acid) were
added to the samples, and the samples were dried again at room
temperature. The identification results were assessed on a scale
from 0 to 3 (score): values above 1.7 were considered the lower
threshold of species identification, values above 2.0 indicated
reliable identification, and values approaching 3.0 indicated a
high degree of identification reliability at the species level.

Determination of the sensitivity of Staphylococcus species to
antibiotics:

To determine the sensitivity of microorganisms to antibiotics,
we used the disk diffusion method in accordance with EUCAST
guidelines. The museum's Staphylococcus aureus (ATCC 6538)
was used for quality control. During the study, individual
colonies were collected from a 24-hour agar culture using
a sterile inoculation loop, and a microbial suspension was
prepared in a glass test tube containing 1 ml of saline. The
resulting microbial suspension was applied to a solid nutrient
medium (AGYV, Givental-Vedmin agar), spread evenly with a
spatula, and left at room temperature for 30 minutes.

Studying the ability to form biofilms:

Quantitative Assessment of the Capacity of a Biofilm Sample
Obtained in a Closed In vitro Environment. Staphylococcus
strains S. aureus and S. epidermidis were used to obtain a biofilm
sample. Quantitative assessment of biofilm formation capacity
was performed in a 96-well flat-bottomed polystyrene plate
using enzyme-linked immunosorbent assay (ELISA) according

Sucrose Plasma coagulase Mannitol
+ + +
+ - -
Etiological agents
S.aureus S.epidermidis
abs % abs %
22 68,75 10 31,25
16 88,8 2 11,1
M SD All
0,875 0,158 38
0,538 0,096 12



Table 4. Biofilm-forming activity of CG.

Main group
Pathogen Min Max M SD Bce
S.aureus 0,324 0,720 0,441 0,112 30
S.epidermidis - - - - -
Table 5. Descriptive statistics of the OT index in the three study groups.
= 2
£ 3 § 3 g E E =
= S = = s = = g = ?r' g‘ E B=t
5 2 5 25 5 _ 3% 8 E £ 5 5 S g
e = e2E€8 23%€s 3 £ 5 S = 53
S z = A& 8E D&8E = > > — o » A
1 32 0,300 0,708 0,853 0,788 0,501 1,175 0,604 0,395 0,189
2 18 0,786 0,725 0,846 0,769 0,426 1,360 0,615 0,887 0,197
0 30 0,435 0,387 0,434 0,400 0,321 0,717 0,376 0,431 0,10
Table 6. Bioavailability in the Study and Control Groups.
Biofilm density Microbial load density CG
MG o -
D %]
Types of pathogens o S o =
b= = g o b= = & o
2 g o) 2 g 8
2 Z
S.aureus 34 - 16 50 - 27 3 30
Table 7. Frequency analysis of pathogen types and microbial load density found in the MG and CG groups.
MG CG
Bi densi
fomass density S.aureus S.aureus
tight 34(68%)( CI: 53,30%-80,48%) -
average 16(32%)( CI:19,52%-46,70%) 3(10%)(CIL: 2,11%-26,53%)
weak - 27(33,75%)( CI: 73,47%-97,89%)
x2 Pearson=45,23; p=1,501; 0=0,05.
Note: Confidence intervals for relative values were calculated using the Clopper Pearson method.
Table 8. Results of assessment of biofilm formation capacity depending on microcolony size in MG and CG.
Trigger type MG microcolony size CG microcolony size
£ e, 24 g £ ° 2. s
= st 285 28 = =% g &S8 5
Q = o S - > o) . o =3 o >
: =S g5 E54 s e 5z 55y £
E) g2 &2 Ee23 O 5y E = E2 ge3i O
S.aureus - 11 37 2 50 25 5 - 30
Table 9. Results of assessing the ability of S. aureus to form biofilms depending on the size of MG and CG microcolonies.
Microcolony size MG CG
Up to 10 pm? 0 25
% 0 83,3% (CI: 65,28%-94,36%)
From 10 to 100 pm? 11 5
% 22% (CI: 11,53%-35,96%) 16,6% (CI: 5,64%-34,72%)
From 100 to 1,000 pm? 37 0
% 74% (CI: 59,6%-85,3%) 0,000% (CT: 0,000%-16,11%)
From 1,000 to 10,000 um? 2 0
% 5,2% (CL: 0,49%-13,7%) 0

%2 Pearson=126,3; p=3,58; 0=0,05.
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Figure 7. Creation of an isolated biofilm model under open conditions in vitro.

Figure 8. Antibiotic susceptibility of MG S. aureus.

Figure 9. Antibiotic susceptibility of MG S. Epidermidis.
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Figure 11. Values of the OT indicator in the three study groups.
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Figure 12. Histogram of the distribution of average optical density values in the group of skin abscesses, carbuncles and furuncles.
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W=0,750, p=0,000
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Figure 13. Histogram of the distribution of mean optical density values in a group of healthy individuals.

to the method of G. O'Toole and R. Coulter. This method is
based on the binding of crystal violet (CV) dye to cells and the
biofilm matrix. Biofilm formation activity is determined by the
adsorption level of ethanol solutions of the dye at a wavelength
of 540 nm using an EVOLIS BIO RAD (OD540) automated
enzyme-linked immunosorbent assay analyzer.

In this study, 24-hour pure cultures of staphylococcal species
were used to form biofilms. To prepare the inoculum, material
was collected from isolated colonies on a solid nutrient medium
and placed in sterile saline. The optical density of the inoculum
was adjusted to a standard of 0.5 McFarland (approximately
1.5 x 108 CFU/mL) using a densitometer II (ERBA Lachema).
Biofilm formation was carried out in a 96-well flat-bottomed
polystyrene plate:

* Experimental group: Wells 1-7 were filled with the

appropriate medium and inoculum.

+ Control group: Wells 8-9 were filled with 200 ul of Lowry

medium (without microorganisms).

All wells were filled with 150 ul of Lowry medium and 50 ul
of inoculum and incubated at 37°C for 24 hours.

After incubation, the biofilm was washed three times (2-3
minutes each time) with sterile buffer. After completely
removing the buffer, the plate was dried in an incubator at 60°C
for 60 minutes. To stain the prepared samples, 200 ul of 0.1%
Crystal violet solution was added to each well.

The biofilm and dye are left at room temperature for 10-15
minutes. After 15 minutes, the dye is removed from the well
using a suction device, followed by three washes with buffer
solution.

To extract the biofilm, add 150 pl of 95% ethanol to the well
and leave for 30 minutes at room temperature. To determine
biofilm density, the wavelength is measured and determined
using the EVOLIS BIO RAD ELISA instrument at 540 nm.

Qualitative assessment of biofilm formation capacity by
creating an isolated biofilm model under open conditions in
vitro:

To qualitatively determine the ability of staphylococcal
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species to form biofilms on coated glass surfaces, sterile Petri
dishes with a diameter of 100 mm were used. Sterile 24 x 24
mm coverslips were placed in each dish.

A 3-ml sample of a 24-hour strain culture (suspension in
Lowry medium) at a cell concentration of 10° was applied to
a coverslip. The samples were incubated for 24 hours at 37°C.
After 24 hours, another 2 ml of Lowry medium was added to
the wells, and incubation was continued for another 24 hours.
After two days, the culture medium was discarded, and the glass
surface was washed with phosphate buffer. 96% alcohol was
used to fix the biofilm, after which the samples were completely
dried. The prepared samples were stained with Crystal violet for
2 minutes at room temperature. After staining was complete, the
slides were again washed with phosphate buffer and prepared
for microscopic analysis.

The resulting specimens were examined under a microscope,
and digital images of the visual field were obtained using a
UCMOS 14000KPA+AMAO037 digital eyepiece camera.

Statistical Data Processing.

Statistical data processing was performed using STATISTICA
8.0 and Microsoft Excel software packages. Descriptive
statistics, such as mean, maximum, minimum, and standard
deviation, were used. When stratifying by age, selection is
based on the Shapiro-Wilk (SW-W) test. All data were tested for
normal distribution using the Shapiro-Wilk test (if p<0.05, then
the distribution of the random variable under study differs from
the normal value, and conversely, if p>0.05, then the distribution
is normal). The nonparametric Kruskal-Wallis H-test was used
to compare groups of the random variable under study. Statistical
significance was set at p=0.05. The Mann-Whitney U-test was
used to determine differences between independent samples for
quantitative indicators. A correlation table with Pearson's ¢ test
was used to study nominal characteristics. Confidence intervals
for relative values were calculated using the Clopper-Pearson
method. Cramer's V test, which is applicable to different strains
of the genus Staphylococcus, was used to compare the microbial
load density.



Results.

A distinctive feature of the MALDI-TOF MS method is the
ability to quickly analyze daily test material down to subspecies.
In the study, 50 strains and two species of staphylococcal
bacteria, S. aureus and S. epidermidis, were identified in patients
with IBD. In the control group, one species of S. aureus was
identified out of 30 strains.

In the study group, two species of Staphylococcus were
identified. Thirty-eight strains of S. aureus (76%) and 12 strains
of S. epidermidis (24%) were the leading etiologic causes of
IBD of the skin and subcutaneous sebaceous glands.

In the control group, S. aureus was detected in 100% of cases.
It is worth noting that only one species of staphylococcus was
detected in healthy individuals, as their bodies were relatively
healthy. We see that in patients, the presence of not one, but two
species of bacteria plays a significant role in the development
and course of IBD.

Dividing the number of cases by disease type, S. aureus, which
causes skin abscesses, carbuncles, and furuncles, accounts for
68.75%, while S. epidermidis accounts for 31.25%. In cutaneous
phlegmon, S. aureus accounts for 88.8%, while S. epidermidis
accounts for 11.1%. Based on these results, we can conclude
that S. aureus is more prevalent in both types of diseases. It
is clear that S. aureus more often causes idiopathic pulmonary
fibrosis (IPF).

Based on the presented data, as shown in Table 2, the species
composition of Staphylococcus bacteria in the clinical forms
of skin abscess, furuncle, carbuncle, and cutaneous phlegmon
is not particularly diverse and includes two species of this
type of bacteria. In skin abscess, carbuncle, and furuncle, the
proportion of S. aureus species was 22 strains (68.75%), while
S. epidermidis represented 10 strains (31.25%). In cutaneous
phlegmon, 16 S. aureus strains (88.8%) and two S. epidermidis
strains (11.1%) were detected.

In addition, the sensitivity of the isolated pure cultures to
antimicrobial drugs was determined: tetracycline, oxacillin,
erythromycin, gentamicin, norfloxacin, cefoxitin and amikacin.

S. aureus is known to be one of the main pathogens in
patients with IBD. This pathogen is unique in that it is present
in the human body under normal conditions and can cause
opportunistic infections due to a weakened immune system.

Regarding antibacterial drug sensitivity, drugs with high
sensitivity include tetracycline, norfloxacin and amikacin, while
drugs with low sensitivity include cefoxitin.

Our study identified 12 strains of S. epidermidis causing
invasive aspergillosis (IA). The antibiotic susceptibility of the
identified strains was tested using disk diffusion. Based on the
study results, the following antibiotics are effective: amikacin,
tetracycline, norfloxacin, and oxacillin. Antibiotics with low
susceptibility include gentamicin and cefoxitin.

When determining the susceptibility of CG bacteria to
antibiotics, the following parameters can be observed.
Antibacterial drugs with high susceptibility include
erythromycin, norfloxacin, and tetracycline, while the drug with
the lowest susceptibility is gentamicin.

Quantitative Activity of the Biomolecule:
The signal-to-noise ratio (SNR) value for biofilm formation
activity of the main group of Staphylococcus bacteria in the
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wells of polystyrene plates ranged from M = 0.538 (SD = 0.096)
to M = 0.875 (SD = 0.158).

The highest SNR value was 1.38 for S. aureus. The lowest
SNR value was 0.43 for S. epidermidis.

In the control group, the highest biofilm-forming activity of S.
aureus in healthy individuals was 0.720. S. epidermidis was not
detected in the control group.

When dividing the main IA group into types and comparing
the statistical results, no significant differences were found in
the OT indices for biofilm formation activity in skin abscesses
and skin phlegmons across the three study groups. When
comparing these two groups with CG, it is clear that the OT
index for biofilm formation activity is higher in MG (Table 5).

The results of the test for the normal distribution of the random
variable under study showed that the mean value of the VO2
(single variance of bioactivity) in the two groups with soft
tissue IA was normally distributed, while in the group of healthy
individuals, the distribution of this indicator deviated from the
normal distribution (Figure 11).

According to the results of the random variable's distribution
validity test, the study group had a normal distribution, while
the control group deviated from this distribution. This allows us
to select the nonparametric Kruskal-Wallis test (Kruskal-Wallis
H-test) for further comparison of the study groups.

When comparing skin abscesses and skin phlegmon, the mean
ODO values were not different (p=1.000). When comparing the
values of these two groups with the healthy group, a difference
was found (p=0.000).

According to the presented data, the species composition of
Staphylococcus bacteria, and the biofilm formation efficiency
in the main group, which formed biofilms of varying densities,
included three species: weak — 27 (33.75%), moderate — 19
(23.75%), and dense — 34 (42.5%).

In the study group, S. aureus formed high- and medium-density
biofilms. The proportion of S. aureus strains forming high-
density biofilms (68%) was 34 (32%), while the proportion of S.
aureus strains forming medium-density biofilms was 16 (32%).
In the control group, the proportion of low-density S. aureus
strains forming biofilms was 27 (33.75%), while the proportion
of medium-density S. aureus strains forming biofilms was 3
(10%).

Regarding the results of the studies conducted on these two
groups, the biofilm density in the MG group was high, the
average density was significantly higher than in the CG group,
and no weak biofilm density was detected in the MG group.
Based on this, it can be concluded that the biofilm density in
the MG group was significantly higher than in the CG group,
indicating that the treatment course will be longer and more
complex.

When comparing S. aureus biofilm density in the treatment
and control groups using the y? statistical test, it was found that
the S. aureus biofilm density obtained using MG did not differ
statistically significantly (p=1.501) from the biofilm density of
the CG pathogen.

After creating an individual in vitro biofilm model under
open conditions, we assessed the activity of biofilm formation
on a glass surface, taking into account the microcolony size
according to the MG results: up to 10 pm? - 25 (31.25%), from



10 to 100 pm? - 16 (20%), from 100 to 1000 um? - 37 (46.25%),
from 1000 to 10,000 um? - 2 (2.5%).

MG S. aureus formed 3 different microcolony sizes: from 10
to 100 um? - 11 (22%), from 100 to 1000 um? - 37 (74%), from
1000 to 10,000 um? - 2 (5.2%)/

The size of microcolonies formed by S. aureus, examined by
the CG method, does not exceed 25 (83.3%) for sizes up to 10
pm?2 and 5 (16.6%) for sizes from 100 to 1000 um?2.

When determining the statistical relationship between biofilm
density and microcolony size, the results of the correlation
analysis revealed a statistically significant (p<0.05) direct
relationship between the OT index and microcolony size. Across
all studied groups, the higher the number of microcolonies, the
higher the OT index of biofilm-forming activity.

In the study group, the size of microcolonies formed by S.
aureus was statistically significant (p=3.58), while in the control
group, there was no difference in the size of microcolonies
formed by this pathogen.

Discussion.

The findings of the present study further support the central
role of biofilm formation in the pathogenesis of purulent-
inflammatory diseases of soft tissues. The results demonstrate
that Staphylococcus aureus exhibits a pronounced ability to form
biofilms on both hydrophobic (polystyrene) and hydrophilic
(glass) surfaces. This highlights the high adaptive capacity of
this pathogen and its ability to colonize both biological tissues
and abiotic medical materials. Similar observations have been
reported by Jefferson et al. and Otto, who emphasized that the
extracellular matrix of S. aureus biofilms enhances bacterial
adhesion and protects cells from environmental stressors and
host immune responses [8-10].

The predominance of S. aureus among clinical isolates in
this study is consistent with global epidemiological data.
According to the World Health Organization, S. aureus remains
one of the leading etiological agents of skin and soft tissue
infections, particularly in healthcare-associated settings [11].
The detection of Staphylococcus epidermidis only in the main
group is also noteworthy. Although traditionally considered a
commensal organism, S. epidermidis is increasingly recognized
as an opportunistic pathogen, especially in biofilm-associated
infections. This is supported by the work of Costerton et al.,
who demonstrated that coagulase-negative staphylococci play a
significant role in chronic and device-related infections due to
their strong biofilm-forming capacity [12].

Quantitative assessment of biofilm formation revealed
significantly higher optical density values in the main group
compared to the control group, indicating enhanced biofilm-
forming ability of clinical isolates. These findings are in
agreement with O’Toole et al., who reported that strains
isolated from infectious sites exhibit significantly stronger
biofilm production than commensal strains [13]. Morphometric
analysis further demonstrated the presence of structurally
complex biofilms, including large microcolonies exceeding
10,000 pm?. Such structural heterogeneity reflects advanced
biofilm maturation and is associated with increased resistance
to antimicrobial agents, as previously described by Flemming
etal. [14].
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The antibiotic susceptibility results are of particular clinical
relevance. In the present study, tetracycline, norfloxacin, and
amikacin demonstrated the highest overall efficacy against the
tested staphylococcal strains. However, it is well established
that bacterial cells embedded in biofilms exhibit significantly
reduced susceptibility to antimicrobial agents due to limited
diffusion, altered metabolic activity, and the presence of
persister cells. Stewart and Costerton reported that the minimum
inhibitory concentrations for biofilm-associated bacteria may be
up to 1000-fold higher than those for planktonic cells [15].

Differences in antibiotic susceptibility between S. aureus
and S. epidermidis may be attributed to variations in biofilm
architecture and virulence potential. S. epidermidis generally
exhibits lower virulence but forms highly persistent biofilms,
particularly in device-associated infections. This observation
is consistent with previous studies reporting species-specific
differences in biofilm composition and antimicrobial resistance
profiles [2].

Overall, the persistence of susceptibility to tetracycline,
norfloxacin, and amikacin across all groups suggests that
these antibiotics may retain clinical utility in the treatment of
staphylococcal infections. However, their effectiveness in vivo
may be limited by biofilm-associated resistance mechanisms.
Therefore, treatment strategies should not only focus on
antimicrobial therapy but also include approaches targeting
biofilm disruption.

In conclusion, the results of this study confirm that clinical
isolates of staphylococci, particularly S. aureus, possess strong
biofilm-forming capacity, which contributes significantly to their
persistence and therapeutic resistance. These findings highlight
the necessity of integrated treatment strategies combining
antimicrobial agents with anti-biofilm approaches [16-18].

Conclusion.

The study provided qualitatively new information about
the ability of clinical strains to form biofilms. In particular, a
comparative analysis of quantitative data showed that the S.
aureus strain demonstrates a pronounced ability to form biofilms
on both hydrophobic polystyrene surfaces and hydrophilic glass
surfaces. During the study, 50 strains of staphylococcus and two
species, S. aureus and S. epidermidis, were identified among
samples collected from patients with purulent-inflammatory
diseases. Only one species, S. aureus, was identified in the control
group of 30 strains. The study showed that biofilm-forming
activity (optical density) was higher in the study group than in
the control group. Biofilm-forming activity was also evaluated
based on the size of microcolonies, and morphological and
tinctorial properties of isolated biofilm samples were studied. In
the main group, tetracycline, norfloxacin and amikacin proved
to be the most effective against S. aureus. For S. epidermidis
amikacin, tetracycline, norfloxacin and oxacillin proved to
be the most effective. The control group had erythromycin,
norfloxacin and tetracycline. In all three groups, the bacteria
showed sensitivity to tetracycline, norfloxacin, and amikacin.
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