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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
µm², from 10 to 100 µm², from 100 to 1000 µm², from 1000 to 
10,000 µm², and over 10,000 µm².

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

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 1. Study design.

Figure 2. S. aureus cultivation on slant agar.
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Figure 3. S. aureus growth in SSA medium inoculated using Gould's method.

Figure 4. Growth characteristics of S. aureus on mannitol salt agar.

Figure 5. Set of carbohydrates for biochemical identification.

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: 10⁵–10⁶ CFU/ml — highly pathogenic; 
10²–10³ 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 

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 μl of matrix (α-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 (AGV, 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 

Types of pathogens Lactose Glucose Sucrose Plasma coagulase Mannitol
S.aureus + + + + +
S.epidermidis + + + - -

Table 1. Carbohydrate Fermentation.

Clinical manifestations of inflammatory bowel disease of soft tissues Etiological agents
S.aureus S.epidermidis

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

abs % abs %
22 68,75 10 31,25

Skin phlegmon
N=18 (15%) 16 88,8 2 11,1

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

Main group
Pathogen Min Max М SD All
S.aureus  0,57 1,38 0,875 0,158 38
S.epidermidis  0,43 0,62 0,538 0,096 12

Table 3. Biofilm Formation Activity MG.
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Main group
Pathogen Min Max М SD Все
S.aureus  0,324 0,720 0,441 0,112 30
S.epidermidis  - - - - -

Table 4. Biofilm-forming activity of CG.

Table 5. Descriptive statistics of the OT index in the three study groups.
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Table 6. Bioavailability in the Study and Control Groups.

Types of pathogens

Biofilm density 
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S.aureus 34 - 16 50 - 27 3 30

Biomass density MG CG
S.aureus S.aureus

tight 34(68%)( СI: 53,30%-80,48%) -
average 16(32%)( СI:19,52%-46,70%) 3(10%)(СI: 2,11%-26,53%)
weak - 27(33,75%)( СI: 73,47%-97,89%)
χ2 Pearson=45,23; p=1,501; α=0,05.

Table 7. Frequency analysis of pathogen types and microbial load density found in the MG and CG groups.

Note: Confidence intervals for relative values were calculated using the Clopper Pearson method.
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Table 8. Results of assessment of biofilm formation capacity depending on microcolony size in MG and CG.

Microcolony size MG CG
Up to 10 µm2 0 25
% 0 83,3% (СI: 65,28%-94,36%)
From 10 to 100 µm2 11 5
% 22% (СI: 11,53%-35,96%) 16,6% (СI: 5,64%-34,72%)
From 100 to 1,000 µm2 37 0
% 74% (СI: 59,6%-85,3%) 0,000% (СI: 0,000%-16,11%)
From 1,000 to 10,000 µm2 2 0
% 5,2% (СI: 0,49%-13,7%) 0
χ2 Pearson=126,3; p=3,58; α=0,05.

Table 9. Results of assessing the ability of S. aureus to form biofilms depending on the size of MG and CG microcolonies.
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Figure 7. Creation of an isolated biofilm model under open conditions in vitro.

Figure 9. Antibiotic susceptibility of MG S. Epidermidis.

Figure 8. Antibiotic susceptibility of MG S. aureus.
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Figure 10. Sensitivity of S. aureus CG to antibiotics.

Figure 11. Values of the OT indicator in the three study groups.

Figure 12. Histogram of the distribution of average optical density values in the group of skin abscesses, carbuncles and furuncles.
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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 × 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 µl of Lowry 
medium (without microorganisms).

All wells were filled with 150 µl of Lowry medium and 50 µl 
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 µl 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 µl 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 

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 10⁶ 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+AMA037 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 χ² 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.   

Figure 13. Histogram of the distribution of mean optical density values in a group of healthy individuals.
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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 

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 χ² 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 μm² - 25 (31.25%), from 
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10 to 100 μm² - 16 (20%), from 100 to 1000 μm² - 37 (46.25%), 
from 1000 to 10,000 μm² - 2 (2.5%).

MG S. aureus formed 3 different microcolony sizes: from 10 
to 100 μm² - 11 (22%), from 100 to 1000 μm² - 37 (74%), from 
1000 to 10,000 μm² - 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 
µm2 and 5 (16.6%) for sizes from 100 to 1000 µm2.

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 µm². Such structural heterogeneity reflects advanced 
biofilm maturation and is associated with increased resistance 
to antimicrobial agents, as previously described by Flemming 
et al. [14].

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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