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Abstract. Background. The persistent problem of long-term non-healing wounds, particularly in patients with
diabetic foot syndrome, is increasingly associated with the formation of polymicrobial biofilms, which significantly
reduce the effectiveness of standard antimicrobial therapy. The present study purposed to investigate the molecular
mechanisms of antibiotic resistance among key pathogens involved in wound infection and to assess the efficacy
of photodynamic therapy (PDT) compared to conventional antimicrobial agents against biofilms in vitro. Materials
and methods. A total of 66 clinical isolates were obtained from 41 patients with diabetic foot syndrome undergoing
treatment at the V. T. Zaitsev Institute of General and Urgent Surgery of the NAMS of Ukraine. The cohort (mean age
61.0 + 6.3 years) consisted of 58.5 % men and 41.5 % women. The microbial spectrum included Staphylococcus au-
reus (30 isolates) and various Gram-negative pathogens (36 isolates). Genetic markers of resistance were identified
by multiplex polymerase chain reaction, and susceptibility phenotypes were determined using standard disk diffusion
and minimum inhibitory concentration (MIC) assays. Biofilims were modelled on 96-well plates and 35-mm dishes.
The efficacy of PDT (6% 5-aminolevulinic acid + red light 635 nm) was assessed in comparison with standard antibio-
tics. Results. Results demonstrated a high prevalence of resistance genes: CTX-M-2 (26.6 % in S.aureus, 16.7 %
in Gram-negatives), VIM (5.6 %), NDM (2.8 %), VanA and VanB (6.7 % in S.aureus), Erm (16.6 % in S.aureus), Tet
(23.3 % in S.aureus), QnrB (13.3 % in S.aureus). Phenotypic resistance was highest for metronidazole (52.3 %)
and cephalosporins (22.7 %), with strong correlations between genetic markers and phenotypic results. MIC testing
revealed that conventional antibiotics, while effective against planktonic cells, failed to eradicate mature biofiims. PDT
exhibited significant antibiofilm activity against both planktonic and biofilm forms of S.aureus, E.coli, K.pneumoniae,
P.aeruginosa, A.baumannii, and C.albicans. Combined biofilms (C.albicans + S.aureus; S.aureus + K.pneumoniae)
showed limited response to combined antibiotic/antifungal therapy, whereas PDT induced notable structural disrup-
tion. Microscopy confirmed biofilm damage and planktonic dispersion post-PDT, likely mediated by singlet oxygen
generation. These findings underscore the need for integrating PDT into the multidisciplinary management of chronic
wound infections, especially where antibiotic resistance and biofilms are prominent. Conclusions. PDT represents a
promising adjunctive modality for enhancing wound healing outcomes by effectively targeting biofilms. Future clinical
studies are needed to validate these in vitro results and to optimize treatment protocols.

Keywords: diabetes mellitus; diabetic foot syndrome; long-term non-healing wounds; biofilms; photodynamic
therapy; antimicrobial resistance

Introduction

According to the US Centers for Disease Control and
Prevention (CDC), more than 70 % of human infectious
diseases are accompanied or mediated by the formation of
biofilms [1]. Despite the fact that infectious diseases remain
the leading cause of death worldwide, it is obvious that the
use of antibiotics is the basis of etiotropic therapy for most

diseases. Microorganisms living as biofilms exhibit characte-
ristic features such as collective cooperation, source capture,
and increased survival after antimicrobial treatment.

The appearance of antibiotics in the arsenal of medical
therapy has allowed for a sharp reduction in mortality and
a significant increase in people’s life expectancy over the
past 70 years. However, the growth of antibiotic resistance
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in recent years has drawn the attention of researchers to the
phenomenon of biofilms as one of its leading causes [2, 3].
Five main types of resistance to antibiotics have been de-
scribed for individual (planktonic) microbial cells: antibiotic
inactivation, target modification, active removal of the an-
tibiotic from the microbial cell (efflux), violation of the per-
meability of the outer membrane of the microbial cell, and
the formation of a metabolic shunt [1]. Scientific information
accumulated at this time allows us to see that almost all types
of known planktonic resistance are present from microbes
in biofilms. The effectiveness of penetration of antibiotics is
largely related to their ability to overcome the surface mem-
brane and intercellular matrix of biofilms. The composition
of the latter contains a significant number of different lipids,
qualitatively like membrane lipids [2]. However, in biofilms
there are also special forms of resistance inherent only to
them, which can be associated with at least three or even
more types of mechanisms [3, 4].

Many human diseases and colonization of medical devices
implanted in patients are associated with microorganisms
growing in biofilms, and these microorganisms are highly
resistant to antimicrobial treatments. Biofilm formation ini-
tiates the disease process through various mechanisms, such
as detachment of individual bacterial cells or clusters of cell
aggregates, production of endotoxins, increased evasion of
host immune system surveillance, and establishment of a
protective barrier, etc. Biofilms can be good, bad, or neutral:
biofilms that are part of the natural environment are neutral,
while biofilms that grow on open wounds after infection are
harmful. Enhanced survival and evasion of the host immune
system makes biofilms responsible for persistent chronic in-
fections [5]. The complexity of biofilm activity and behav-
ior requires interdisciplinary research to develop an effective
solution against the destruction that can be caused by this
structure [6, 7]. A biofilm is an ideal niche for the exchange
of genetic information between bacteria. Antibiotic-resistant
bacteria are able not only to secrete protective enzymes or
proteins that can protect neighboring antibiotic-sensitive bac-
teria in the biofilm [8], but also to transfer genes responsible
for antibiotic resistance to other, even unrelated, bacteria [9].

Understanding the fact that microorganisms in the com-
position of biofilms acquire new properties, which imply
a significant decrease in sensitivity to standard methods of
etiotropic therapy, which includes antibiotics, forces to in-
vestigate new methods of exposure. A multiple increase in the
dosage of antibacterial agents is ineffective, because achie-
ving effective concentrations in in vivo conditions is unattai-
nable for obvious reasons. Therefore, a few approaches af-
fecting the components of biofilms are considered to reduce
their resistance/integrity level using a combination of anti-
bacterial drugs [10] and antiseptics, organic acids and metal
salts [11], microbial metabolites and bacteriophages [12],
enzymes of various origin [13], mucolytics [14]. Methods that
affect the matrix components, signal molecules, adhesion
factors, micro- and nanotechnologies [11] are recognized
as promising, and the variety of signal molecules as possible
objects of influence justifies the use of combinations of hy-
drolytic enzymes with proteo-, lipo- and amylolytic activity
and the possibility impact on nucleic acid-containing com-
ponents of biofilms.

Despite the large arsenal of means for local application,
the problem of treating long-term non-healing wounds is far
from being resolved. In recent years, physical and chemi-
cal methods of wound treatment, used both separately and
in combination, began to be used to solve this problem.
A promising direction in the treatment of purulent and long-
term non-healing wounds is the use of phototherapy (PT)
and photodynamic therapy (PDT).

Currently, a new technology — PDT — is being inten-
sively developed all over the world. This technique can be
used in many different areas of medicine, including purulent
surgery. PDT has undeniable advantages over traditional an-
tibacterial therapy (ABT). The effectiveness of PDT does not
depend on the spectrum of sensitivity of pathogenic microor-
ganisms to antibiotics [3, 14]. Pathogenic microorganisms, in
contrast to the effect of antibiotics on them, do not develop
resistance to PDT. Photodynamic damage is local in nature,
and the bactericidal effect is limited by the laser irradiation
zone of photosensitized tissue, which makes it possible to
avoid the side effect observed with the use of antibiotics and
antiseptics for the treatment of surgical infection with local
PDT. When using the PDT method, different effectiveness
of the treatment was revealed depending on the bacterial
flora sown from the wound contents. The need to study the
effect of PDT on the course of the wound process caused by
various groups of bacterial flora is obvious to all researchers
in this field.

The aim of the study was to clarify the mechanisms of
the formation of antibiotic resistance in the main causative
agents of wound infection, as well as to compare the effec-
tiveness of photodynamic therapy and antibiotics in relation
to biofilms in vitro.

Materials and methods

Clinical isolates of pathogens were obtained from the
wounds of 41 patients with ischemic and mixed forms of
diabetic foot syndrome (DFS), who were treated in the
department of acute vascular diseases Zaitsev Institute of
General and Urgent Surgery of the NAMS of Ukraine in
2022—-2025. All of them suffered from type 2 diabetes and
had chronic ischemia of the lower limb with localization of
ulcerative-necrotic lesions of soft tissues in the foot. The
average age of patients in the study was 61.0 + 6.3 years.
Gender data: 24 (58.5 %) — men, 17 (41.5 %) — women.
The duration of the disease is > 5 and < 15 years, the dura-
tion of the wounds is from 3 months to 1 year. All patients
received signed informed consent, and the Ethics Com-
mittee approved the study. The material for the study was
wound contents.

To take the material, a standard sterile paper endodontic
pin was used, which was placed at the edge of the wound for
30 seconds to absorb the liquid part, and then transferred to
an Eppendorf-type test tube with 0.5 ml of Amies or Stewart
semi-liquid transport medium. Transportation was carried
out in special thermal containers at a temperature of no
higher than —4 °C for 12 hours (as a rule, 3—4 hours).

The total number of strains isolated from wounds in pa-
tients with diabetes with chronic limb wounds and subjec-
ted to molecular biological research was 66, 30 strains were
S.aureus and the other 36 were Gram-negative pathogens.
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Reference strains Staphylococcus aureus ATCC 25923 —
4, Candida albicans NCTC 885-653 and Candida krusei
ATCC 24408, E.coli ATCC2592, K.pneumoniae ATCC70060,
Pseudomonas aeruginosa ATCC27853, Acinetobacter bauma-
nnii ATCC19606 were used in control experiments.

For quantitative 4-sector sowing, the Melnikov-Tsarev
method was used on 5% blood hemin agar (5 ug/ml hemin,
0.1 ug/ml menadione). Subsequent counting of colonies after
standard cultivation (for 7 days at 37 °C) was performed with a
binocular research stereomicroscope (Nikon, Japan). Micro-
bial number (results of quantitative research) was expressed
through colony-forming units (CFU/ml), or their decimal
logarithm. A complex of morphological, cultural, biochemi-
cal, and chemotaxonomic features was used to identify selec-
ted cultures. Determination of the species affiliation of pure
cultures of Gram-negative bacteria based on the assessment of
biochemical properties was also carried out using diagnostic
kits from ARI (France) and Roche (Germany).

To control the phenotype of sensitivity to antibacterial
drugs, the traditional Kirby-Bauer disk diffusion method was
used, and to determine the minimum inhibitory concentration
(MIC) of the studied drugs the cassette micromethod was used.

To determine the sensitive phenotype the standard pro-
tocol of the disco-diffusion method was carried out. Sowing
of the culture under study was carried out with “lawn” at a
suspension concentration according to the McFarland tur-
bidity standard of 108 CFU/ml. Standard agar was used to
determine the sensitivity of HiMedia Labs (India). The results
were recorded after incubation in a thermostat at 37 °C for 24
hours. An automatic colony counter Scan 500 (Interscience)
with computer support for data registration was used for quick
recording of results and documentation of the obtained data.

When using disk-diffusion and cassette micromethods, a
research stereomicroscope (Nikon) was also used to record
data.

Along with the antimicrobial drugs most often used in the
treatment of wounds, the effect on biofilms was assessed by
PDT using 5-aminolevulinic acid (5-ALA) as a photosensiti-
zer (PS): 6% 5-ALA phosphate gel was applied to plastic cups
with biofilms, and then 2-time dark reaction was treated with
pulsed LED lamps with a wavelength (A) of 635 nm (which
corresponded to red light) Treviolux and SmartComfort lamps
(Germany). All LED devices had a peak radiation intensity of
80 mW/cm?, which was measured using a USB 2000 spectrome-
ter (Ocean Optics, Florida, USA). The study period is zero day.

Biofilms were modeled as follows. The bacterial culture
was sown on agar slants and incubated in a thermostat for
24 hours at a temperature of 37 °C. Washing from the agar
culture was carried out by adding 1 ml of saline solution and
adjusted to the McFarland density standard. The formation
of biofilms on the bottom of plastic plates with 96 wells was
carried out as follows: 150 ul of nutrient medium (nutrient
broth for S.aureus and Gram-negative pathogens, Sabouraud
medium for C.albicans) and 10 ul of culture were added to
each well except for the last hole, which constituted bench-
marks. Tablets were incubated in a thermostat at 37 °C for 24
hours. The next day, the contents of the wells were collected
and washed three times with saline solution. 150 ul of distilled
water and 15 ul of 1% alcohol solution of gentian violet were
added to the wells and incubated at room temperature for

45 minutes. The dye was removed, and the wells were washed
three times with distilled water. Next, 250 ul of ethanol was
added to the wells and incubated at room temperature for
45 minutes. After that, the optical density of biofilms was
measured at a wavelength of 545 nm on a SF-46 photometer.

Also, the formation of biofilms was carried out in plastic
cups with a diameter of 35 mm, on the bottom of which a
sterile cover glass was placed. 18"-hour culture of strains
diluted 1 : 100 was introduced in 4 ml so that the suspension
was evenly distributed on the bottom of the cup.

To determine control parameters, a sterile nutrient was
placed into several cups. The cups were placed in a thermo-
stat at 37 °C for 24 hours. The next day, the contents of the
cups were carefully selected so as not to destroy the formed
biofilm, 4 ml of distilled water and 400 ul of 1% alcohol
solution of gentian violet were added and left at room tem-
perature for 45 minutes. After that, the solution was carefully
removed, and the cups were washed three times with distilled
water. The cups were dried, the former biofilms were studied
under a microscope and photographed.

Genetic markers of bacteria and fungi were determined
using multiplex polymerase chain reaction (PCR). Accelerated
sample preparation was used for DNA isolation. Gel electro-
phoresis in 1.6% agarose gel with ethidium bromide staining was
used to detect cloned DNA samples. An ultraviolet transillumi-
nator TSR-25 M (Vilber Lourmat, France) with a wavelength of
312 nm was used to view and photograph the gels. In the positive
control sample, 5 luminous bands of pink color were deter-
mined, measuring 1000, 745, 512, 360, 197 bp, in the negative
control sample these bands were absent. In the studied samples,
with a positive result of PCR, from one to five luminous bands
were determined, located according to the size of the genome at
the same level as the bands in the positive control.

DNA detection was performed by electrophoresis. Sepa-
ration of amplification products was carried out by horizontal
electrophoresis (in 2% agarose gel). A TSR-25 M transillu-
minator (Vilber Lourmat, France) with a radiation wave-
length of 312 nm was used for viewing and photographing
gels. In the studied samples, the genes of the chromosomal
regions responsible for the formation of resistance to antibac-
terial drugs were identified: Mes (to cephalosporins), VanA
(to glycopeptides), VanB (to vancomycin), OXA-48, NDM
and VIM (to carbapenems), plasmid genes were identified
Qnr A and B. To document the obtained results, the gels were
photographed in transmitted ultraviolet light with a digital
video camera connected to a computer (Gel Imager software
that allows video image analysis).

Optical density was evaluated on a Dynex DynaRead
microplate reader. The amount of the formed biofilm (ex-
pressed in the form of optical density (OD) at 570 nm.

Light microscopy was carried out on a research stereo-
microscope (for studying colonies of microorganisms grown
on nutrient media) and an Invitrogen EVOS digital color
fluorescence microscope using an immersion lens. This
microscopic technique made it possible to take photographs
of preparations of the research material (smears of pure cul-
tures, colonies, and biofilms) on a digital camera included
in the microscope Kkit.

Research was carried out in the biotechnological laborato-
ry of the Ukrainian Association of Biobanks (Austria, Graz).
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All received digital data were processed using the Epi
Info computer program (version 8.0) using the variational
statistics method, as well as the Excel program from the Mi-
crosoft Office 2007 and 2010 service package. Numerical
data were presented as arithmetic mean and standard error
(M = m). The null hypothesis for comparison groups was
tested using non-parametric Wilcoxon-Mann-Whitney (U)
and Kolmogorov-Smirnov tests. Differences between groups
were considered statistically significant at p < 0.05.

Results

We managed to identify genetic markers of resistance
to beta-lactam antibiotics (CTX-M and MecA to cephalo-
sporins), including carbapenems (VIM and NDM, but not
OXA-48), as well as to glycopeptides (VanA and VanB), mac-
rolides (Erm), tetracyclines (Tet) and plasmids Qnr (A, B) —

to fluoroquinolones (Table 1).

The gene CTX-M-2, responsible for resistance to cepha-
losporins-1, was detected most often in representatives of
causative agents of wound infections. It was detected in 8 out
of 30 strains of S.aureus (26.6 %) and in 6 out of 36 strains
of Gram-negative pathogens (16.7 %). The differences were
statistically significant (p = 0.026).

The second gene controlling resistance to cephalospo-
rins, Mec-1, was detected less often: in 3 out of 30 strains
of S.aureus (frequency 10 %), and in 2 out of 36 strains of
Gram-negative bacteria (frequency 5.5 %). The differences
were statistically significant (p = 0.031).

It is known that a higher level of pathogen resistance is
associated with carbapenem resistance genes, which can be
divided into several groups. The VIM gene was detected in
1 strain of Pseudomonas aeruginosa and 1 strain of Acineto-
bacter baumannii (frequency 5.6 %). The second gene en-
coding type 2 carbapenem resistance, NDM, was identified
in 1 strain of K.pneumoniae and in no case in Acinetobacter

baumannii. The third gene of this group (OXA-48) was not
identified in any case.

Resistance to glycopeptide antibiotics (vancomycin, tei-
coplanin), coded by genes VanA and VanB, was revealed in
two strains of S.aureus (6.7 %).

The Erm gene, encoding resistance to macrolides, was
detected in 5 strains of S.aureus (16.6 %) and in 4 strains
of Gram-negative pathogens (11.1 %). The differences are
statistically significant (p = 0.05).

The Tet gene, encoding resistance to tetracyclines, was
detected in 7 strains of Gram-positive pathogens out of 30
(23.3 %) and in 4 (11.1 %) of Gram-negative pathogens. The
differences are statistically significant (p = 0.025).

Plasmid resistance to QnrB fluoroquinolones was re-
vealed in 4 strains of S.aureus (13.3 %) and in 2 strains
of Klebsiella pneumoniae (5.5 % of the total number of
Gram-negative pathogens). Differences (p = 0.025).

Among the analyzed cultures were strains with multiple re-
sistance to groups of antibacterial drugs: Klebsiella pneumoni-
ae — 1 strain out of 5 (14.3 %), S.aureus — 4 out of 5 (13.3 %),
Pseudomonas aeruginosa — 2 (28.6 %) strain and Acinetobacter
baumannii — 1 (11.1 %) strain — to three groups of drugs.

We compared the results of the phenotypic determina-
tion of resistance to antibacterial drugs by the disk-diffusion
method and the detection of the corresponding resistance
genes using PCR, which allowed us to trace the relationship
between the frequency of occurrence of individual genetic
markers of resistance and the results of the standard method
of determining the sensitivity of microorganisms that form
biofilms on wounds.

The following discs were used for this purpose: metroni-
dazole, lincomycin, methicillin (ampicillin), amoxicillin +
sodium clavulanate, spiramycin (erythromycin), vancomy-
cin, tetracycline (doxycycline), imipenem, cipro- and moxi-
floxacin (Table 2).

Table 1. Frequency of specific genetic markers of resistance to antimicrobial drugs in causative agents
of wound infection, n (%)

Type of pathogen Genetic markers
CTX-M-2 | MecA | VIM NDM | VanA | VanB | Erm Tet |Qnr (A, B)
S.aureus 8(26.6) | 3(10) - - 2(6.7) | 2(6.7) |5(13.3)|7 (23.3)| 4 (13.3)
Pseudomonas aeruginosa 2 (10) - 1(5) — - 1(5) | 2(10)
K.pneumoniae 2(28.6) |1(14.3) - 1(14.3) - - 2(28.6)|1(14.3)| 2(28.6)
Acinetobacter baumannii 2(22.2) |1(11.1)]1(11.1) — - - 1(11.1)|1 (11.1)

Table 2. The frequency of isolation of resistant and sensitive strains of wound infection pathogens
(absolute number of strains, %)

Disks with drugs Freque:;gi:fs rssistant Frequegﬁgi?‘fs ssensitive Ratio R/S
Metronidazole 23 (52.3) 6 (13.5) 3.9*
Ceftriaxone 10 (22.7) 12 (27.3) 0.8
Methicillin 5(11.4) 27 (61.4) 0.2*
Amoxicillin + sodium clavulanate (amoxiclav) 6 (13.6) 40 (90.9) 0.03*
Vancomycin 10 (22.7) 28 (63.6) 0.4~
Doxycycline 2(4.6) 37 (81.8) 0.06*
Imipenem 2(2.3) 41 (95.5) 0.02*
Ciprofloxacin 6 (13.6) 28 (63.6) 0.2*
Moxifloxacin 2 (4.6) 30 (68.2) 0.07*
Spiramycin 6 (13.6) 24 (54.5) 0.3*

Note: * — differences between groups were considered statistically significant at p < 0.05.
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It is obvious that the most frequently used (over the past
20—30 years) in surgical practice (metronidazole and cepha-
losporins) showed the highest number of resistant strains —
52.3 and 22.7 %, respectively.

The number of methicillin-resistant strains was 11.4 %,
which correlated with the detection of CTX-M-2 resistance
genes in 16.7 % of strains (r = 0.789; p = 0.032). When using
beta-lactamase-protected drugs (amoxiclav), the rate of re-
sistant strains decreased to 2.3 %, which correlated with the
detection of the Mec-1 resistance gene in 5.5 % of strains
(r=10.648; p =0.022).

Resistance to carbapenems was revealed in only 2.3 %
of strains, and the VIM gene in 2.8 %, that is, a high direct
correlation dependence was shown (r =0.799; p = 0.01).

Resistance to macrolides was detected in 13.6 % of
strains, and the Erm gene in 11.1 % of strains, that is, a high
direct correlation dependence was also shown (r = 0.764;
p=10.01).

Resistance to tetracyclines was detected in only 4.6 %
of strains, and the Tet gene in 11.1 % of strains, that is, no
statistically significant correlation dependence was detected
(r=0.234; p=0.052).

Resistance to glycopeptides was detected in 13.6 % of
strains, and VanA and VanB genes in 3.3 % of strains, that
is, no correlation was also detected (r=0.242; p = 0.056).

Resistance to fluoroquinolones of different generations
(ciprofloxacin and moxifloxacin) was revealed in 13.6 and
4.6 % of strains, respectively, and QnrB plasmids in 5.5 %
of strains, while a direct high correlation was established for
moxifloxacin (r = 0.785; p = 0.01).

The next stage of the study was a comparison of the effect of
antimicrobial agents on biofilms of isolates and reference strains
of causative agents of wound infection by the IPC method.

To determine the MIC of biofilms of isolates and refe-
rence strains and pathogens, the following antimicrobial
drugs were taken: broad-spectrum beta-lactam antibiotic

Table 3. Indicators of optical density of MIC of antimicrobial drugs on biofilms of isolates and reference strains, c.u.

Antimicrobial agents

Average optical density of isolates
A = 570 nm/molecular mass (x 10-°)

Average optical density
of reference strains
A = 570 nm/molecular mass (x 10-°)

S.aureus

Imipenem

0.1484 + 0.0600/0.10

0.1437 + 0.0500/0.10

Vancomycin

0.1348 + 0.0300/0.10

0.1229 + 0.1000/0.10

Ceftriaxone

0.1635 + 0.0500/0.10

0.1587 + 0.0700/0.10

Azithromycin (sumamed)

0.1556 + 0.0900/0.10

0.1486 + 0.1400/0.10

Levofloxacin

0.1617 + 0.1400/0.10

0.1557 + 0.0900/0.10

PDT 0.2006 + 0.0800/0.01 0.2004 + 0.1100/0.01
E.coli

Imipenem 0.1486 + 0.0800/0.10 0.1333 + 0.0500/0.10

Vancomycin - -

Ceftriaxone 0.1615 + 0.0500/0.10 0.1593 + 0.0500/0.10

Azithromycin (sumamed)

Levofloxacin

0.1603 + 0.1200/0.10

0.1548 + 0.0700/0.10

PDT 0.1950 + 0.0500/0.01 0.1941 + 0.0600/0.01
K.pneumoniae

Imipenem 0.1478 + 0.0500/0.10 0.1425 + 0.0700/0.10

Vancomycin - -

Ceftriaxone 0.1633 + 0.0300/0.10 0.1513 + 0.0100/0.10

Azithromycin (sumamed)

Levofloxacin

0.1603 + 0.1400/0.10

0.1543 + 0.0700/0.10

PDT 0.2003 + 0.0400/0.05 0.2001 + 0.0500/0.05
Pseudomonas aeruginosa

Imipenem 0.1496 + 0.0800/0.10 0.1427 + 0.0700/0.10

Vancomycin - -

Ceftriaxone 0.1695 + 0.7000/0.10 0.1578 + 0.0300/0.10

Azithromycin (sumamed)

Levofloxacin

0.1629 + 0.1600/0.10

0.1533 + 0.0300/0.10

PDT 0.1970 + 0.0700/0.04 0.1965 + 0.0400/0.05
Acinetobacter baumannii

Imipenem 0.1484 + 0.0600/0.10 0.1437 + 0.0500/0.10

Vancomycin - -

Ceftriaxone - -

Azithromycin (sumamed)

Levofloxacin

0.1517 + 0.1400/0.10

0.15217 + 0.09000/0.10

PDT

0.1950 + 0.0300/0.03

0.1953 + 0.0800/0.02
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Table 4. Antimicrobial drugs used to determine
the effect on planktonic cells and biofilms
of causative agents of wound infection

Antimicrobial agents Concentration (ug/ml)
Imipenem 5
Vancomycin 10
Ceftriaxone 16
Azithromycin (sumamed) 16
Levofloxacin 16

Table 5. Antimicrobial agents used to determine
the effect on planktonic cells and biofilms

of C.albicans
Antimicrobial agents Concentration (ug/ml)
Terbinafine 64
Ketoconazole 32
Fluconazole 32
Amphotericin B 10

from the carbapenem group — imipenem, glycopeptide an-
tibiotic — vancomycin, 3" generation cephalosporins — cef-
triaxone, semi-synthetic macrolide — azithromycin, fluoro-
quinolone 3" generation levofloxacin.

Biofilms of isolates and reference strains of wound infec-
tion pathogens were grown in 96-well plastic tablets, MIC
was determined by the method of serial dilutions. The optical
density of biofilms and reference cultures treated with FS and
irradiated with red light and treated with probiotics was also
evaluated. It should be noted that after processing the tested
samples with probiotics, the effect was obtained after 72 hours.

The results are given in Table 3.

Analyzing the results of the study, it was established that
the effectiveness of antimicrobial drugs on biofilms of isolates
and reference strains of S.aureus is absent. For vancomycin,
the MIC was determined to be 10 ug/ml, when using ceftri-
axone, the MPC was 16 ug/ml, for sumamed, the MIC was
10 ug/ml, for fluoroquinolones — 16 ug/ml. PDT was effective
in relation to biofilms and reference strains of S.aureus (optical
density 0.2006 %+ 0.0800 and 0.2004 + 0.1100, respectively).

A similar trend was observed in relation to Gram-nega-
tive strains of causative agents of wound infection. Thus, the
reference strains of E.coli in biofilms were resistant to the
studied antimicrobial agents, while the MIC for cephalospo-
rins was determined as 1.0 ug/ml, and for carbapenems —
0.1 ug/ml. High efficiency in relation to biofilms was shown
by PDT (0.1950 £ 0.0500 and 0.1941 % 0.0600 units of OSH
for the studied and reference strains, respectively).

For K.pneumoniae, the MIC to carbapenems was
12 ug/ml, for cephalosporins and fluoroquinolones —

20 ug/ml. PDT showed a high efficiency in relation to bio-
films (0.2003 £ 0.0400 and 0.2001 £ 0.0500 units of OSH for
the studied and reference strains, respectively).

Regarding non-fermenting Gram-negative (GNB) patho-
gens of wound infection (Pseudomonas aeruginosa and Acine-
tobacter baumannii), biofilms of the pathogens were resistant
to the studied antimicrobial agents. FS treatment with subse-
quent irradiation (PDT) proved to be effective (Table 4).

The next stage of the study was the determination of the
MIC of planktonic cells and biofilms of isolates and refe-
rence strains of C.albicans.

To determine the MIC of planktonic cells and biofilms
of isolates and reference strains of C.albicans, the following
antimicrobial drugs were taken: antifungal drugs terbinafine,
ketoconazole, fluconazole, and amphotericin B (Table 5),
and the effect of PDT was also studied.

As a result of the study, it was established that the effect
of antimicrobial drugs on planktonic cells differed between
isolates and reference strains of C.albicans.

When determining the effect of the drug terbinafine, the
average optical density for C.albicans isolates was 0.0747 +
+ 0.0900 units of OSH, and 0.0702 £ 0.0700 for reference
strains, which has a high efficiency in relation to C.albicans, the
MIC was 8 ug/ml for isolates and 2 ug/ml for reference strains.

The average optical density when determining the action
of ketoconazole was 0.0844 + 0.0400 IU for isolates and
0.0812 + 0.1100 IU for reference strains, such data indicate
a high efficiency, but the drug is less effective in comparison
with terbinafine, BMD was 4 and 1 ug/ml, respectively. The
effect of fluconazole was less effective than that of terbinafine
and ketoconazole.

Amphotericin B turned out to be a drug with high ef-
ficiency, so the average optical density for C.albicans
isolates was 0.0714 = 0.0400 c.u. for reference strains
0.0698 £ 0.1500 c.u., MIC for isolates was 1.2 pug/ml.

A moderately effective effect of PDT was found (the ave-
rage optical density for the isolates was 0.1034 £ 0.0600 c.u.
and 0.0934 + 0.0300 c.u.).

The MIC of antimicrobial drugs on C.albicans biofilms
was also determined (Table 6).

As a result of the research, it was established that the anti-
microbial drugs, the effect of which was studied on C.albicans
biofilms, were ineffective in comparison with planktonic cells
in the same concentrations.

Moderate efficacy against biofilms formed by C.albicans
was noted after treatment of biofilms with 5-ALA followed
by red light irradiation, as well as after treatment with a com-
bination of probiotics.

Considering that many wound infections are caused by
associations of microorganisms, and the effect of chemothe-

Table 6. Indicators of optical density MIC of antimicrobial agents on biofilms of isolates
and reference strains of C.albicans, c.u.

Antimicrobial agents A 570 nmmolecular mass o« 109 | A 570 nmimoleoular mass (x 10
Terbinafine 0.1475 + 0.0700/0.10 0.1456 + 0.0400/0.10
Ketoconazole 0.1440 + 0.1200/0.10 0.1390 + 0.0800/0.10
Fluconazole 0.1435 + 0.0400/0.10 0.1421 £ 0.0100/0.10
Amphotericin B 0.1293 + 0.0900/0.10 0.1290 + 0.0500/0.10
PDT 0.0933 + 0.0130/0.06 0.0888 + 0.0600/0.05
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rapeutic drugs is ineffective against these microorganisms,
the next stage of our research was to determine the combined
effect of antimicrobial drugs on two-component consortia
(C.albicans + S.aureus and S.aureus + K.pneumoniae) of bio-
films of reference strains and investigated pathogens (Table 7).

According to the results of the research, we can conclude
that the combination of antimycotics with antibacterial drugs
was ineffective in relation to the two-component biofilm of
C.albicans + S.aureus. Similar data were obtained regarding
the effect of antimicrobial drugs on the combined biofilms
of S.aureus + K.pneumoniae. Moderate bactericidal activity
was determined after treatment of FS consortia followed by
pulsed irradiation with red light.

Microscopic examination of combined microbial biofilms
showed that after treatment with FS and irradiation with red
light, the structure of the biofilm was significantly damaged,
single planktonic bacteria were visible in the field of view.
The bactericidal effect and destruction of the biofilm occurs
probably due to the emission of singlet oxygen (Fig. 1).

Discussion

Traditional methods of treatment of chronic wounds may
be ineffective in their healing, which requires the use of a mul-
tidisciplinary approach to eliminate a complex of factors that

contribute to non-healing of wounds. Comprehensive treat-
ment of non-healing wounds requires the work of a multidis-
ciplinary team consisting of wound care specialists, surgeons,
nurses, nutritionists and other health professionals to address
the complex factors that contribute to non-healing wounds.
Effective debridement of the wound is the most important
stage that promotes healing [6, 13]. Traditional methods, such
as surgical debridement or enzymatic preparations, are still
valuable, but new techniques have also appeared. These in-
clude biological therapy, in which sterile larvae are applied to
the wound for selective removal of necrotic tissues, autolytic
debridement with the use of dressings that promote natural
enzymatic breakdown of devitalized body tissues.

Biological treatment is selective treatment using larvae
as living medical devices. Advances in the development of
dressings have revolutionized the treatment of wounds that
do not heal for a long time. Modern dressings, such as hy-
drogels, foams, alginates and films, provide a moist envi-
ronment in the wound, facilitate autolytic debridement and
facilitate the healing process. In addition, the use of bioac-
tive dressings containing growth factors, extracellular matrix
components, or antimicrobial agents may further improve
healing outcomes [14—16]. Negative pressure wound thera-
py (NPWT) has become a valuable tool in the treatment of

Table 7. Indicators of optical density of IPC of antimicrobial agents on combined biofilms
of isolates and reference strains of pathogens of wound infection, c.u.

Antimicrobial agents

Average optical density of isolates
A =570 nm/molecular mass (x 10-)

Average optical density
of reference strains
A = 570 nm/molecular mass (x 10°)

C.albicans + S.aureus

Imipenem + amphotericin B

0.1456 + 0.0700/0.10

0.1362 + 0.0700/0.10

Vancomycin + amphotericin B

0.1464 + 0.0800/0.10

0.1401 + 0.0300/0.10

Ceftriaxone + amphotericin B

0.1474 + 0.0500/0.10

0.1406 + 0.0500/0.10

Sumamed + amphotericin B

0.14326 + 0.03000/0.10

0.1386 + 0.0300/0.10

Levofloxacin + amphotericin B

0.1464 + 0.0500/0.10

0.1408 + 0.0100/0.10

PDT

0.1416 + 0.0500/0.08

0.1418 + 0.0700/0.07

S.aureus + K.pneumoniae

Imipenem 0.1906 + 0.0100/0.96 0.1904 + 0.0300/0.96
Vancomycin 0.1904 + 0.0300/0.96 0.1902 + 0.0500/0.96
Ceftriaxone 0.1908 + 0.0500/0.96 0.1906 + 0.0700/0.96

Azithromycin (sumamed)

0.1911 + 0.0100/0.96

0.1908 + 0.0100/0.96

Levofloxacin

0.1904 + 0.0300/0.96

0.19602 + 0.05000/0.96

PDT

0.1886 + 0.0300/0.96

0.1882 + 0.0700/0.96

Figure 1. Combined biofilm of A.baumannii + E.coli under the influence of PDT
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chronic non-healing wounds. This therapy consists in the
application of controlled negative pressure to the wound,
which promotes blood flow, reduces edema and stimulates
the formation of granulation tissue [15]. To optimize the
results of wound healing, NPWT can be combined with
modern bandages, local cryotherapy, cell and tissue therapy
[17—19]. However, these methods do not have a significant
effect on the microbial flora, especially in the composition
of biofilms, which requires the systemic appointment of an-
timicrobial therapy.

According to the results of the first stage of our research,
it was established that for most prescribed antibacterial drugs
(beta-lactams, carbapenems, macrolides, fluoroquinolones),
a reliable relationship was established between the presence of
genes encoding resistance and the results of the phenotypic
method of determining sensitivity. Cases of its absence (tet-
racyclines, glycopeptides) can be explained by the presence of
additional genetic resistance markers that were not considered
in our study, since in addition to the Tet, VanA and VanB
genes responsible for resistance to these antibiotics, it may be
encoded by other chromosomal genes and plasmids.

The proposed justification will allow to optimize the exi-
sting schemes for the use of antibacterial drugs and the use
of alternative methods in the complex treatment of wounds,
which is currently carried out empirically and therefore does
not always achieve the desired effect.

On the basis of the conducted second and third stages
of the study, it can be concluded that the concentrations
of antimicrobial drugs used in the experiment are effective
against planktonic cells causing wound infection and inef-
fective against biofilms. Thus, in order to achieve an effective
effect of drugs on biofilms, it is necessary to increase their
concentration by several times, which is possible in vitro, but
impossible in clinical practice. PDT showed high efficiency
both in relation to planktonic forms and pathogens in biofilms.

The effect of antimicrobial drugs on planktonic cells of
reference strains of C.albicans is higher than the effect on
isolates, which is associated with the loss of their pathogenic
properties. The most effective drugs were amphotericin B and
terbinafine, less effective were ketoconazole and fluconazole,
possibly due to the emergence of resistance to them. The
indicators of the effect of PDT were lower compared to the
effect of antifungal chemotherapeutic drugs, but had a suffi-
cient effect, which may be related to their high antimicrobial
activity. Antifungal drugs were ineffective against C.albicans
biofilms at concentrations that were effective against plank-
tonic cells. PDT demonstrated moderate efficiency.

Thus, the PDT technique showed sufficiently high activi-
ty in relation to the main causative agents of wound infection
both in plankton and in the composition of biofilms and
consortia.

Conclusions

Genetic resistance determinants such as CTX-M-2
(26.6 %), Tet (23.3 %), and Erm (16.6 %) were prevalent
among chronic wound pathogens, especially in S.aureus and
Gram-negative bacteria.

There was a statistically significant correlation between
resistance genes and phenotypic resistance to 3-lactams,
macrolides, and carbapenems (r > 0.75; p < 0.05).

Conventional antibiotics were ineffective against biofilms
at clinically safe concentrations. MIC values effective for
planktonic cells did not significantly reduce biofilm biomass.

PDT significantly reduced biofilm mass in both mono-
and multispecies cultures:

— for S.aureus: OD reduced to 0.2006 & 0.0800;

— for C.albicans: OD reduced to 0.0933 + 0.01300;

— for mixed S.aureus + K.pneumoniae: OD to
0.1886 £ 0.0300.

PDT is a promising adjunctive treatment for chronic,
non-healing, biofilm-associated wound infections and may
enhance clinical outcomes in multidisciplinary care.

References

1. Kortright KE, Chan BK, Koff JL, Turner PE. Phage Thera-
py: A Renewed Approach to Combat Antibiotic- Resistant Bacte-
ria. Cell Host Microbe. 2019 Feb 13;25(2):219-232. doi: 10.1016/j.
chom.2019.01.014.

2. Yang L, Zhang D, Li W, et al. Biofilm microenvironment trig-
gered self-enhancing photodynamic immunomodulatory microneedle for
diabetic wound therapy. Nat Commun. 2023 Nov 23;14(1):7658. doi:
10.1038/541467-023-43067-8.

3. Hou C, Zhang L, Wang L, et al. A meta-analysis and system-
atic review of photodynamic therapy for diabetic foot ulcers. Photo-
diagnosis Photodyn Ther. 2024 Aug;48:104228. doi: 10.1016/].pdp-
dt.2024.104228.

4. Khan I, Kamal A, Akhtar S. Diabetes Driven Oncogenesis and
Anticancer Potential of Repurposed Antidiabetic Drug: A Systemic Re-
view. Cell Biochem Biophys. 2024 Sep;82(3):1907-1929. doi: 10.1007/
s12013-024-01387-6.

5. Hamed SM, Darwish MM, Monir R, et al. Providencia
pseudovermicola sp. nov.: redefining Providencia vermicola and unveil-
ing multidrug-resistant strains from diabetic foot ulcers in Egypt. BMC
Microbiol. 2025 Apr 23;25(1):238. doi: 10.1186/s12866-025-03927-3.

6. Chilakamarthi U, Giribabu L. Photodynamic Therapy: Past,
Present and Future. Chem Rec. 2017 Aug; 17(8):775-802. doi: 10.1002/
ter.201600121.

7. Sheng X, Hu L, Li T, et al. Clinical efficacy and mechanism of
the combination of autologous platelet-rich gel and recombinant human
acidic fibroblast growth factor in the management of refractory diabet-
ic foot. Front Endocrinol (Lausanne). 2024 Oct 30;15:1374507. doi:
10.3389/fendo.2024.1374507.

8. Contreras A, Raxworthy MJ, Wood S, Schiffman JD, Tronci G.
Photodynamically Active Electrospun Fibers for Antibiotic-Free Infec-
tion Control. ACS Appl Bio Mater. 2019 Oct 21;2(10):4258-4270. doi:
10.1021/acsabm.9b00543.

9. Hanson KE, Banerjee R, Doernberg SB, et al.; Antibacterial
Resistance Leadership Group. Priorities and Progress in Diagnostic
Research by the Antibacterial Resistance Leadership Group. Clin Infect
Dis. 2023 Oct 16,77(Suppl 4):8314-8320. doi: 10.1093/cid/ciad541.

10. Lehmann P. Daylight photodynamic therapy: Back to the
Sfuture? Hautarzt. 2018 Feb;69(2):180-183. German. doi: 10.1007/
s00105-017-4068-3.

11. HeY, Liu K, Guo S, et al. Multifunctional hydrogel with reac-
tive oxygen species scavenging and photothermal antibacterial activity
accelerates infected diabetic wound healing. Acta Biomater. 2023 Jan
1;155:199-217. doi: 10.1016/j.actbio.2022.11.023.

12. Ivanova YuV, Hramatiuk SM, Kryvoruchko IA, Prasol VO,
Mpyasoyedov KV. Achievements in the treatment of combat limb trauma:

516 Miznarodnij endokrinologiénij zurnal, 1SSN 2224-0721 (print), ISSN 2307-1427 (online)

Vol. 21, No. 5, 2025


https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/37996471/
https://pubmed.ncbi.nlm.nih.gov/37996471/
https://pubmed.ncbi.nlm.nih.gov/37996471/
https://pubmed.ncbi.nlm.nih.gov/37996471/
https://pubmed.ncbi.nlm.nih.gov/38866070/
https://pubmed.ncbi.nlm.nih.gov/38866070/
https://pubmed.ncbi.nlm.nih.gov/38866070/
https://pubmed.ncbi.nlm.nih.gov/38866070/
https://pubmed.ncbi.nlm.nih.gov/38954353/
https://pubmed.ncbi.nlm.nih.gov/38954353/
https://pubmed.ncbi.nlm.nih.gov/38954353/
https://pubmed.ncbi.nlm.nih.gov/38954353/
https://pubmed.ncbi.nlm.nih.gov/40269694/
https://pubmed.ncbi.nlm.nih.gov/40269694/
https://pubmed.ncbi.nlm.nih.gov/40269694/
https://pubmed.ncbi.nlm.nih.gov/40269694/
https://pubmed.ncbi.nlm.nih.gov/28042681/
https://pubmed.ncbi.nlm.nih.gov/28042681/
https://pubmed.ncbi.nlm.nih.gov/28042681/
https://pubmed.ncbi.nlm.nih.gov/39539934/
https://pubmed.ncbi.nlm.nih.gov/39539934/
https://pubmed.ncbi.nlm.nih.gov/39539934/
https://pubmed.ncbi.nlm.nih.gov/39539934/
https://pubmed.ncbi.nlm.nih.gov/39539934/
https://pubmed.ncbi.nlm.nih.gov/35021441/
https://pubmed.ncbi.nlm.nih.gov/35021441/
https://pubmed.ncbi.nlm.nih.gov/35021441/
https://pubmed.ncbi.nlm.nih.gov/35021441/
https://pubmed.ncbi.nlm.nih.gov/37843119/
https://pubmed.ncbi.nlm.nih.gov/37843119/
https://pubmed.ncbi.nlm.nih.gov/37843119/
https://pubmed.ncbi.nlm.nih.gov/37843119/
https://pubmed.ncbi.nlm.nih.gov/29038893/
https://pubmed.ncbi.nlm.nih.gov/29038893/
https://pubmed.ncbi.nlm.nih.gov/29038893/
https://pubmed.ncbi.nlm.nih.gov/36402298/
https://pubmed.ncbi.nlm.nih.gov/36402298/
https://pubmed.ncbi.nlm.nih.gov/36402298/
https://pubmed.ncbi.nlm.nih.gov/36402298/
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25
https://doi.org/10.26779/2786-832X.2023.4.25

[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

photodynamic therapy and methods of plastic wound closure. Ukrainian
Journal of Clinical Surgery. 2024;90(4):25-30. doi: 10.26779/2786-
832X.2023.4.25.

13. Prasol VO, Ivanova YV, Zarudnyi OO, Myasoyedov KV, Chini-
lin AV. Photodynamic therapy in the treatment of diabetic foot syndrome.
Ukrainian Journal of Clinical Surgery. 2022;89(5-6):59-60. Ukrainian.

14. Ivanova YV, Kryvoruchko IA, Hramatiuk SM, Myasoyedov
KV, Puliaieva IS. Negative pressure therapy in combination with tissue
therapy in the treatment of chronic wounds in patients with diabetes
mellitus. Ukrainian Journal of Clinical Surgery. 2024;91(6):27-32. doi:
10.26779/2786-832X.2024.6.27.

15. Ali A, Zahra A, Kamthan M, et al. Microbial Biofilms: Appli-
cations, Clinical Consequences, and Alternative Therapies. Microorgan-
isms. 2023 Jul 29;11(8):1934. doi: 10.3390/microorganisms11081934.

16. Rao H, Choo S, Rajeswari Mahalingam SR, et al. Approaches

for Mitigating Microbial Biofilm-Related Drug Resistance: A Focus on
Micro- and Nanotechnologies. Molecules. 2021 Mar 26;26(7):1870. doi:

Information about authors

10.3390/molecules26071870.

17. Sartelli M, Coccolini F, Kluger Y, et al. WSES/GAIS/WSIS/
SIS-E/AAST global clinical pathways for patients with skin and soft tis-
sue infections. World J Emerg Surg. 2022 Jan 15;17(1):3. doi: 10.1186/
s13017-022-00406-2.

18. Nowak M, Mehrholz D, Barariska-Rybak W, Nowicki RJ.
Wound debridement products and techniques: clinical examples and
literature review. Postepy Dermatol Alergol. 2022 Jun;39(3):479-490.
doi: 10.5114/ada.2022.117572.

19. Norman G, Goh EL, Dumville JC, et al. Negative pres-
sure wound therapy for surgical wounds healing by primary closure.
Cochrane Database Syst Rev. 2020 Jun 15;6(6):CD009261. doi:
10.1002/14651858.CD00926 1.pub6.

Received 14.05.2025
Revised 25.07.2025
Accepted 11.08.2025 W

Yuliia Ivanova, MD, DSc, PhD, Professor, Department of Surgery 1, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail: dr.ivanova23@gmail.com; phone: +380 (67) 475-74-29;
https://orcid.org/0000-0003-4464-3035

Serhii Viun, PhD in Medicine, Associate Professor, Department of Surgery 1, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail: serhii.viun@gmail.com; phone: +380 (66) 095-55-54;
https:// orcid.org/0000-0002-7318-0087

Serhii Bytiak, PhD in Medicine, Associate Professor, Department of Surgery 1, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail: sergiobit164@gmail.com; phone: +380 (63) 683-49-91;
https:// orcid.org/0000-0002-6012-2048

Kyrylo Miasoiedov, PhD in Medicine, Associate Professor, Department of Surgery 1, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail: vonmiasoiedov@gmail.com; https:/orcid.org/0000-0002-3878-7713

Tetiana Viun, PhD in Medicine, Assistant, Department of General Practice — Family Medicine and Internal Diseases, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail: ti.viun@knmu.edu.ua,
viun.tatiana@gmail.com; phone: +380 (66) 915-90-81; https:// orcid.org/0000-0002-7862-349X

Yevheniia Radzishevska, PhD in Physics and Mathematics, Associate Professor, Department of Medical and Biological Physics and Medical Informatics, Kharkiv National Medical University, Kharkiv,
Ukraine; e-mail: radzishevska@ukr.net; phone: +380 (67) 799-36-63; https:// orcid.org/0000-0001-9149-7689

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

IsaHoBa tO.B., B'toH C.B., burak C.fO., M’ascoeaos K.B., B'toH T.I., Paasiluescbka €.b.
XQPKIBCbKUK HALIOHAABHU MEAVNYHWI yHIBEpCUTET, M. XQpPKiB, YKpaiHa

MYABTUANCLMNAIHOPHUMA NIAXIA AO AIKYBOHHSI XPOHIYHUX PAH, LLLO NOFrAHO 3AroloThCS:
NPULIA HO PYWHYBOHHS GIONAIBOK

Pestome. Axmyaavnicmo. TIpoGieMa 1OBrOTPUBAINX HE3aTOEHUX
paH, 0COOJIMBO B MAli€HTIB i3 CUHIPOMOM /1ia0ETUYHOI CTOIH,
BCE YacTillle MOB’s13aHa 3 YTBOPEHHSIM IMOJIIMIKPOOHMX OiOTUIiBOK,
IO CYTTEBO 3HIKYE €(heKTUBHICTb CTaHAAPTHOI aHTUMIKPOOHOI
Teparmii. Mema: BUBYUTA MOJICKYJISIDHI MeXaHi3MU aHTUOIOTUKO-
PE3UCTEHTHOCTI OCHOBHUX 30yIHUKIB iH(EKIIiil paH, a TAKOX OILLi-
HUTH edeKTUBHICTb hoTonrHamiuHoi Teparnii (PAT) nopiBHsIHO 3i
CTaHIAPTHUMU aHTUMIKPOOHUMM TIperiapaTaMU IIPOTH OiOTLTiIBOK
in vitro. Mamepiaau ma memoodu. 3arajiom OyJ0 OTPUMaHO 66 Kli-
HIYHUX i30J19TiB Bif 41 nalieHTa i3 CHHIPOMOM J1iabeTUYHOI CTOIIH,
SIKi TIPOXOAMIIM JIIKYBaHHSI B [HCTUTYTI 3arajibHOi Ta HEBiIKJIAIHOT
xipyprii im. B.T. 3aitieBa HAMH Ykpainu. ¥ 11iit Koropti (cepenHiit
Bik 61,0 * 6,3 poky) 6ys10 58,5 % yonosikiB Ta 41,5 % xiHOK. Y Mi-
KpOOHOMY CHeKTpi repeBaxkanu Staphylococcus aureus (30 i30151TiB)
Ta pi3HOMaHITHi TpaMHeTaTUBHi ratoreHu (36 izonstiB). [eHeTHYHI
MapKepH Pe3MCTEHTHOCTI BUSBIISIIM METOIOM MYJIBTUTUIEKCHOT TTO-
JIiMepa3Hoi JJAHIIOTOBOI peakilii, a (heHOTUIIOBY UyTIMBICTh — 3a
JIONIOMOTOI0 CTAaHAAPTHUX METO/IiB AMCKOBOI N1 y3ii Ta BU3HAYEHHST
MiHiMaJIbHOI iHTri0y1040i KoHueHTpauii (MIK). MozenoBaHHs 6io-
IUIIBOK 3[iMICHIOBAJIM Ha IIaHIIeTaX Ha 96 JIYHOK Ta JallKax JiaMe-
TpoM 35 M. Edbextusnicts ®IT (6% S-amiHoseBy1iHOBA KUCIIO-
Ta + 4epBOHE CBIT/I0 635 HM) MOPIBHIOBAJIM i3 TAKOIO CTAHIAPTHUX
aHTUOiOTUKIB. Pe3ytsmamu. BcTaHOBIEHO BUCOKY TOIIUPEHICTh
reHiB peaucreHTHOCTI: CTX-M-2 (26,6 % nns S.aureus, 16,7 % ce-
pen rpamHeratuBHux), VIM (5,6 %), NDM (2,8 %), VanA i VanB
(6,7 % nnst S.aureus), Erm (16,6 % mnst S.aureus), Tet (23,3 % mnst

S.aureus), QnrB (13,3 % nns S.aureus). HaiiBuimii piBeHb heHOTH-
MOBOI PE3UCTEHTHOCTI CrIOCTepiraBcest 10 MeTpoHinasony (52,3 %) ta
nedanocropuHis (22,7 %), i3 BUpaXkeHUM KOPEJISILiHHUM 3B’ I3KOM
MiX FeHeTUYHUMHU MapKepamMu Ta (GeHOTUIIOBUMHU Pe3yJibTaTaMMU.
Bunpob6ysannst MIK nponemMoHcTpyBaiu, 1o TpaauliiiHi aHTU-
0ioTMKM e(heKTUBHI MPOTU MJIAHKTOHHUX KJIiTUH, ajle HE MOXYThb
MOBHICTIO JTiKBimyBatu 3pini 6iortiBku. Haromicts @T mana Bu-
paxkeHy aHTUOIOIUTIBKOBY aKTUBHICTD IPOTH SIK INTAHKTOHHUX, TaK
i 6iorutiBkoBuX hopm S.aureus, E.coli, K. pneumoniae, P.aeruginosa,
A.baumannii ta C.albicans. Kombinoani 6iorutiBku (C.albicans +
S.aureus; S.aureus + K.pneumoniae) okazaam oOMeXeHY BilIIo-
BiIb Ha KOMOIHOBaHY aHTUOIOTHKO-TIPOTUTPUOKOBY TepaIlito, TOMi
gk OJIT BUKIMKAIA [IOMITHE CTPYKTYPHE pyiHHYBaHHS OiOILTiBOK.
Mikpockormist minTBepauIa NOIKOIKEeHHsI 010TLTiBOK Ta AUCIIEPCit0
IUIaHKTOHHUX KJIiThH Ticiast O/AT, iMOoBipHO, 32 paxyHOK YTBO-
PEHHSI CUHIJIETHOTO KKCHIO. OTprUMaHi pe3y/ibTaTy MiIKPeCIIo0Th
HeoOximHicTh iHTerpawii AT y My IbTUANCHUILUTIHAPHE JTIKYyBaHHS
XPOHIUHUX iH(DeKIIiil paH, 0COOJIMBO B YMOBAaX IOIIMPEHHS aH-
THOIOTUKOPE3UCTEHTHOCTI Ta Oior1iBoK. Bucnosxu. O®MT € nep-
CIIEKTUBHUM JTOTMOMIKHMM METOIOM JUISI IIOKPAIIEHHST 3arO€HHS
paH 3a paxyHOK e()eKTUBHOTO HalliJIeHHs Ha OiorutiBKu. HeoOxigHi
MoAaJIbILi KJIiHIYHI JOCTiIKEHHS 151 MiATBEPIKEHHSI OTPUMaHUX
in vitro pe3yJabTaTiB i ONTUMI3aLlii JTIKyBaJIbHUX MPOTOKOJIB.
KirouoBi ciioBa: nykposuii giabet; CHHAPOM 1iabeTUYHOI CTOIN;
XPOHIYHI paHH, 110 TTOraHO 3arolI0ThCs; OIOIUTiBKY; (hOTOAMHA-
MiuHa Tepallisi; aHTUMiKpOOHa Pe3UCTEHTHICTh
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