International Journal of Medicine and Medical Research

Journal homepage: https://ijmr.com.ua/
Volume 11, No. 1. 2025 ﬂ 1 q q

UDC 579.61:504.45.058:546.214 Article’s History:
DOI: 10.63341/ijmmr/1.2025.06 Received: 22.12.2024; Revised: 19.03.2025; Accepted: 27.05.2025

Synergistic potential of aqueous ozone: Sublethal bacterial
damage and enhanced antibiotic susceptibility

Taras Pyatkovskyy”

PhD in Medical Sciences, Associate Professor

I. Horbachevsky Ternopil National Medical University
46001, 1 Maidan Voli, Ternopil, Ukraine
https://orcid.org/0000-0003-1240-1680

Olena Pokryshko

PhD in Medical Sciences, Associate Professor

I. Horbachevsky Ternopil National Medical University
46001, 1 Maidan Voli, Ternopil, Ukraine
https://orcid.org/0000-0001-9640-0786

Natalia Krasii

PhD in Medical Sciences

Ternopil Regional Clinical Hospital
46002, 1 Klinichna Str., Ternopil, Ukraine
https://orcid.org/0000-0002-1072-2782

Serhii Danylkov

PhD in Medical Sciences, Assistant Professor
Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine
https://orcid.org/0009-0008-7273-4296

Abstract. Combat-related injuries are frequently complicated by infections caused by multidrugresistant
microorganisms, posing significant challenges to treatment. To improve clinical outcomes in such cases, alternative
adjunctive therapeutic strategies are required. This study aimed to assess the antimicrobial potential of electrolytically
generated aqueous ozone, focusing on its ability to induce sublethal damage in bacteria and enhance their susceptibility to
antibiotics. A total of 357 multidrug-resistant clinical isolates were obtained from wound exudates and blood samples of
284 wounded soldiers. The most frequently isolated pathogens included Acinetobacter baumannii, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus cereus, and coagulase-negative Staphylococcus spp. Ozonated
water was generated at concentrations ranging from 3.6 to 11.2 mg/L and subsequently standardised to approximately
4 mg/L for bacterial treatment. Selected isolates of S. aureus and Escherichia coli were exposed to aqueous ozone for 10
and 15 minutes. Sublethal damage was assessed by comparing bacterial growth on selective and nonselective media,
revealing up to 89.2% sublethally injured S. aureus cells and up to 98.6% injured E. coli cells after 15 minutes of exposure.
Initial estimations of the minimum inhibitory concentration using the Vitek-2 system were distorted by the combined
effect of ozone and free chlorine, which forms during the electrolysis of saline solution. This prompted a shift to the
Kirby-Bauer disc diffusion method. The results consistently demonstrated increased antibiotic susceptibility in treated
isolates, as evidenced by larger inhibition zone diameters and a reduced number of antibiotics to which the isolates
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remained resistant. Electrolytically generated aqueous ozone effectively compromises bacterial integrity, enhancing their
susceptibility to antibiotics. It represents a promising adjunctive strategy for managing multidrug-resistant infections,

particularly in resource-limited settings or during wartime

Keywords: antibacterial activity; antibiotic resistance; ozonated water; pathogenic bacteria; sublethal damage

Introduction

Combat-related injuries frequently present with multid-
rug-resistant infections that pose significant challenges to
conventional antibiotic and antiseptic therapies. There is a
growing need for alternative, low-cost antimicrobial strate-
gies that can support infection control in resource-limited
or high-risk environments. Exploring the potential of elec-
trolytically generated aqueous ozone offers a promising di-
rection for improving bacterial susceptibility and enhanc-
ing the effectiveness of standard treatments.

Ozone has long been recognised for its potent anti-
bacterial properties and has been widely adopted across
various industries for microbial control. In the food in-
dustry, A.C. Khanashyam et al. [1] highlighted its effica-
cy in improving food safety by inactivating a broad range
of spoilage and pathogenic microorganisms. Similarly,
X. Ren et al. [2] emphasised ozone’s utility in water treat-
ment, particularly in maintaining microbiological safety. In
the wellness sector, A. Nagy [3] described its widespread
application in spa and balneotherapy settings, where it con-
tributes to maintaining hygienic conditions and reducing
cross-contamination.

Despite these successful applications in non-medical
settings, the adoption of ozone in clinical infection con-
trol remains limited. Traditional healthcare strategies have
long relied on antibiotics and topical antiseptics as the
primary tools for managing bacterial infections. However,
as S. Lemmen & K. Lewalter [4] reported, the increasing
global burden of antibiotic-resistant pathogens has se-
verely undermined the effectiveness of these conventional
methods, necessitating the exploration of adjunctive or
alternative antimicrobial strategies. Although antiseptics
represent a viable alternative to antibiotics, their use as a
standalone solution for infection control remains prob-
lematic. As noted by A. Roth et al. [5], many antiseptics
are constrained by limited efficacy in deep-seated infec-
tions due to poor tissue penetration, which reduces their
utility in more complex clinical scenarios. J. Roy et al. [6]
further emphasised that the repeated use of antiseptic
agents may contribute to the development of microbial
tolerance, raising concerns about long-term effectiveness.
Additionally, J.J. Pérez-Santonja et al. [7] highlighted the
cytotoxic effects of several commonly used antiseptics on
human tissues, noting that their frequent application can
impair wound healing processes. These concerns limit
the suitability of antiseptics in sensitive clinical environ-
ments, particularly where tissue regeneration and heal-
ing are critical. Consequently, the search for alternative
antimicrobial approaches that combine broad-spectrum
efficacy with biocompatibility remains a key priority in
contemporary medicine.

Electrolytic ozonation offers a compelling alternative
by enabling the on-demand generation of ozonated water
using only water and electricity, thereby eliminating the
need for costly infrastructure or a continuous oxygen sup-
ply. H.Y. Li et al. [8] demonstrated that this method is both
efficient and economical, providing a practical means of
ozone production in settings where traditional ozonation
systems — dependent on pure oxygen and specialised equip-
ment — are impractical. Moreover, this technique addresses
a major safety concern associated with gaseous ozone. As
E. Grignani et al. [9] noted, exposure to ozone gas at high
concentrations poses significant health risks, particularly
respiratory toxicity. Electrolytic ozonation mitigates this
hazard by avoiding the gas phase altogether, offering a safer
alternative for clinical environments. With its advantages
in cost, safety, and ease of implementation, electrolytic ozo-
nation is emerging as a valuable tool in the development of
novel antimicrobial strategies, particularly in the ongoing
battle against antibiotic-resistant pathogens.

This study aimed to evaluate both the bactericidal and
sublethal effects of ozonated water on clinical strains, as
well as its impact on antibiotic susceptibility.

Materials and Methods

Sample collection and microbial identification. Wound dis-
charge and blood samples were collected from wounded
soldiers hospitalised at Ternopil Regional Clinical Hospi-
tal, Ternopil, Ukraine, between January and October 2024.
Wound discharge samples were obtained using sterile cot-
ton swabs and inoculated onto selective culture media.
Blood samples were collected using vacuum blood collec-
tion tubes and analysed with the automated blood culture
system BACT/ALERT 3D (bioMérieux, Marcy—l’Etoile,
France). The resulting cultures were identified using the
semiautomated Vitek-2 Compact 15 system (bioMérieux,
Marcy-I'Etoile, France). The antibiotic susceptibility of
treated and untreated isolates was assessed using the Kir-
by-Bauer disc diffusion method, alongside minimum
inhibitory concentration (MIC) determination via the
Vitek-2 Compact 15 system.

Aqueous ozone production and ozone concentration
measurement. Ozonated water was generated on demand
using sterilised tap water and a custom-built pre-pro-
duction prototype employing water electrolysis on a dia-
mond-coated anode. Ozone concentration in the water
was assessed photometrically using a PoolLab 1.0 pho-
tometer (Water-i.d., Eggenstein, Germany), based on the
intensity of colour change following reaction with N,N-di-
ethyl-p-phenylenediamine sulphate. The ozone concen-
tration was determined by comparing the absorbance of
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the coloured light (at wavelengths of 530 and 620 nm) in
the sample against that of untreated control, using calibra-
tion data programmed into the instrument. Tablet-based
reagents were employed for measuring ozone levels. For
bacterial treatment, the concentration was standardised to
approximately 4 mg/L. When higher concentrations were
detected, dilution was carried out to ensure that the treat-
ment did not exceed this threshold.

Bacterial culture treatment and sublethal damage eval-
uation. The isolates were subcultured into meat-peptone
broth for overnight incubation at 37°C. The resulting broth
cultures were centrifuged at 3000 RPM using an 80-2
Benchtop Universal Laboratory Centrifuge (Jiangsu Jinyi
Instrument Technology Co., Changzhou, China). The su-
pernatant was discarded, and the cell pellets were resus-
pended in a sterile saline solution (0.9% NaCl). To mini-
mise the presence of residual culture medium and reduce
the organic load, the centrifugation and resuspension steps
were repeated once. For ozone treatment, the supernatant
was again discarded, and the pellets were resuspended in
freshly prepared ozonated water (ozone concentration
~4 mg/L), followed by incubation at room temperature for
15 minutes. This was followed by serial dilution in sterile
saline solution and plating of aliquots onto selective and
non-selective culture media. The plates were incubated at
37°C for 24 hours. Sublethal injury of the tested strains was
assessed by comparing colony counts between the selective
and non-selective media [10]. This evaluation was conduct-
ed for Staphylococcus aureus and Escherichia coli isolates
only. For S. aureus, non-selective blood agar and selective
yolk salt agar (selective due to high salt concentration) were
used. For E. coli, blood agar served as the non-selective me-
dium, while MacConkey agar was used as the selective me-
dium, with bile salts acting as selective agents by inhibiting
the recovery of sublethally damaged cells. The percentage of
sublethal injury was calculated using the following equation:

% Injured cells = (CFUnon—selective_CFUselective) -100. (1)

CFUnon-selective

For antibiotic susceptibility testing, pretreated suspen-
sions of the selected strains were immediately spread onto
Mueller-Hinton agar plates, and antibiotic-impregnated
discs were applied in accordance with the Kirby-Bauer disc
diffusion method. Control samples (untreated) followed
the same protocol, using sterile saline in place of ozonated
water. Antibiotic resistance status was determined based on
the immediate post-treatment response; long-term resist-
ance was not evaluated.

Statistical analysis. Data were collected and tabulated
using MS Excel 2013. Categorical data were presented as
percentages and proportions, while CFU counts were ex-
pressed in logarithmic values. Mean values and standard
deviations (M + SD) were calculated and used for statisti-
cal analysis. The equality of mean values between the two
groups was assessed using Student’s t-test. For compari-
sons among multiple groups, one-way analysis of variance
(ANOVA) was performed using Statistica 8.0 software
(StatSoft Inc., Tulsa, Oklahoma, USA).

Ethical approval. The research was conducted following
the principles set out in the Declaration of Helsinki [11].
Ethical approval for the publication of this case report was
obtained from the Ethics Committee of Ternopil National
Medical University (Protocol No. 81, 3 April 2025).

Results and Discussion

Ozonated water, generated through electrolytic ozonation,
had ozone concentrations ranging from 3.6 to 11.2 mg/L.
A total of 357 clinical isolates were obtained from wound
discharge and blood samples were collected from 284
wounded soldiers. The most frequently isolated pathogens
included Acinetobacter baumannii, Klebsiella pneumoniae,
and Pseudomonas aeruginosa among Gramnegative bacte-
ria, while S. aureus, Bacillus cereus, and coagulase-negative
Staphylococcus spp. were the predominant Gram-positive
isolates. The distribution of these pathogens, along with the
number and percentage of cases in which they were identi-
fied, is presented in Table 1.

Table 1. Distribution of isolated pathogens from wound discharge and blood samples

Pathogen Wound discharge (n, %) Blood isolates (n, %)
Acinetobacter baumannii 78 (21.85%) 5 (1.40%)
Bacillus cereus 28 (7.84%)
Enterobacter cloacae 6 (1.68%)
Enterococcus spp. 13 (3.64%) 1 (0.28%)
Escherichia coli 11 (3.08%)
Klebsiella pneumoniae 51 (14.29%) 2 (0.56%)
Proteus mirabilis 6 (1.68%)
Pseudomonas aeruginosa 38 (10.64%)
Rothia kristinae 6 (1.68%)
Staphylococcus aureus 64 (17.93%) 3 (0.84%)

Staphylococcus epidermidis

11 (3.08%)

Staphylococcus spp.

13 (3.64%)

Other

21 (5.88%)

Total, n = 357

346 (96.92%)

11 (3.08%)

Source: compiled by the authors
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During preliminary testing of antibiotic susceptibility
using the Vitek-2 Compact system, bacterial suspensions
were prepared in 0.45% NaCl, in accordance with the man-
ufacturer’s protocols. When assessing antibiotic suscepti-
bility, the MICs of the untreated isolates were successful-
ly determined using the Vitek-2 system. All 357 isolates
demonstrated multidrug resistance, exhibiting resistance to
three or more classes of antibiotics, thereby confirming the
challenging nature of antimicrobial therapy in these cas-
es. To evaluate the impact of aqueous ozone pretreatment,
the required 0.45% sodium chloride solution was subjected
to electrolysis using a portable ozone generator. However,
chemical analysis revealed that the process generated not
only ozone but also high concentrations of free chlorine
(=230 mg/L), another potent oxidising agent. This dual oxi-
dative stress likely disrupted bacterial membranes and en-
zymatic systems. As a result, the Vitek-2 system misiden-
tified Staphylococcus aureus as Granulicatella adiacens and
Erysipelothrix rhusiopathiae — an unexpected but notewor-
thy observation. However, since the presence of chlorine
introduced a confounding variable, the MIC results could
no longer be attributed to the effect of ozone alone. For
this reason, the Vitek-2 system was excluded from further
ozone-specific susceptibility testing, and the Kirby-Bauer
disc diffusion method was used instead. Representative re-
sults, illustrating the increased susceptibility of S. aureus to
nitrofurantoin following ozonated water pretreatment, are
shown in Figure 1.

Nitrofurantoin (100 pg disk)

Figure 1. Results of the Kirby-Bauer disc diffusion
method showing the effect of ozonated water pretreatment
on antibiotic susceptibility of S. aureus
Notes: conversion to susceptibility is highlighted in red.
A - untreated control; B - after 15-minute pretreatment

with ozonated water
Source: compiled by the authors

To quantify this effect across all tested strains, the num-
ber of antibiotics to which each isolate was resistant was
compared before and after ozonation. As summarised in
Table 2, ozonated water pretreatment consistently reduced
the number of antibiotics to which isolates exhibited resist-
ance, highlighting its potential role in the susceptibility of
multidrug-resistant bacteria to conventional antibiotics.

Table 2. Susceptibility of the isolates to antibiotics before and after treatment with ozonated water

Number of antibiotics to which the strain is resistant

Pathogen

before treatment with ozonated water

after treatment with ozonated water

Acinetobacter baumannii 12.64+3.69 8.86+3.81**
Enterobacter cloacae 9.50+3.79 6.50+£3.37**
Enterococcus spp. 6.17+1.58 511+2.01*
Escherichia coli 5.76 £3.35 3.77 £1.89**
Klebsiella pneumoniae 12.42+2.41 10.14+3.39*
Proteus mirabilis 7.12+2.13 5.57+1.98*
Pseudomonas aeruginosa 11.57+3.48 9.36 +3.54**
Staphylococcus aureus 10.71+2.58 8.77 £2.64**
Staphylococcus epidermidis 8.21+1.42 5.93+1.10%*

Notes: * - p<0.05; ** - p<0.01
Source: compiled by the authors

The extent of sublethal damage caused by ozonated
water was quantified by comparing bacterial counts on
selective and non-selective media for S. aureus and E. coli.
For S. aureus, the initial concentration was approximately
8.9 log CFU/mL. After 10 minutes of treatment, there was
no detectable reduction in blood agar, but a 1.04 log CFU/
mL decrease was observed on yolk-salt agar, indicating
that 90.97% of the surviving cells were sublethally injured.
Following 15 minutes of treatment, a 1.65 log CFU/mL
reduction was recorded on blood agar, and an additional
0.96 log CFU/mL reduction on yolk-salt agar was noted,

corresponding to 89.19% sublethal injury among the treat-
ed population (Fig. 2).

For E. coli, the initial bacterial load was 8.97 log CFU/
mL. After 10 minutes of ozonation, a reduction of 0.82 log
CFU/mL on blood agar was observed, while a 1.59 log
CFU/mL decrease was recorded on MacConkey agar, indi-
cating that 97.44% of the population was sublethally dam-
aged. With 15 minutes of treatment, the total reduction on
blood agar reached 2.04 log CFU/mL, and the additional
reduction on MacConkey agar was 1.77 log CFU/mL, rep-
resenting 98.57% sublethally injured cells (Fig. 3).
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Figure 2. Effect of electrolytically generated aqueous ozone (~4 mg/L) on S. aureus
Notes: error bars indicate the standard deviation of the mean; letters above the bars denote a significant difference (p <0.05)

Source: compiled by the authors
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Figure 3. Effect of electrolytically generated aqueous ozone (~4 mg/L) on E. coli
Notes: error bars indicate the standard deviation of the mean; letters above the bars denote a significant difference (p <0.05)

Source: compiled by the authors

The diversity of microbial isolates observed in this
study is consistent with previous reports describing the
microbiological landscape of combat-related injuries.
L. Trutyak et al. [12] reported frequent isolation of Acineto-
bacter baumannii, Pseudomonas aeruginosa, and members
of the Enterobacteriaceae family from mine blast and gun-
shot wounds, which aligns with the findings of the present
study. G. Loban’ et al. [13] highlighted the high prevalence
of multidrug resistance among A. baumannii and K. pneu-
moniae isolates collected since the onset of the full-scale
war in Ukraine, with resistance rates reaching 75%-80%.
Likewise, K. Moussally et al. [14] documented substantial
multidrug resistance in bacterial isolates from osteomy-
elitis cases in conflict zones, particularly among S. aureus
and P aeruginosa. The pathogen profile and resistance
patterns observed in this cohort reflect broader trends in
military medicine and underscore the ongoing challenge
of managing infections in battlefield conditions. The high
prevalence of multidrug-resistant pathogens necessitates
the exploration of adjunctive antimicrobial strategies ca-
pable of enhancing bacterial susceptibility and disrupting
resistance mechanisms.

The ozone concentrations obtained in this study (3.6-
11.2 mg/L) are consistent with those reported in previous
studies on electrolytic ozonation. Similar ranges (up to
5 mg/L) have been documented by E.I. Epelle et al. [15],
where electrolytic ozonation was employed for microbial
decontamination. However, some studies have reported

higher ozone concentrations of 20-25 mg/L [16]. Differ-
ences in ozone yield may be attributed to variations in
electrolysis parameters, electrode materials, water compo-
sition, and applied voltage. Compared with traditional ozo-
nation systems, electrolytic ozonation offers the advantage
of generating ozone on demand, without requiring a pure
oxygen supply, making it a more cost-effective and scalable
approach for antimicrobial applications [17].

Ozone is widely recognised for its antimicrobial prop-
erties, but its effects on bacterial physiology extend beyond
direct inactivation. In this study, the authors observed that
exposure to ozonated water not only reduced bacterial vi-
ability but also induced sublethal damage, as evidenced by
differences in colony counts on selective and non-selective
media. The observed differences in sublethal injury levels
between Gram-positive and Gram-negative bacteria align
with existing literature, suggesting that Gram-negative bac-
teria may be more susceptible to oxidative damage caused
by ozone. This heightened vulnerability of Gram-negative
bacteria may be attributed to the structural characteristics
of their outer membrane, which contains lipopolysaccha-
rides and unsaturated fatty acids that are particularly prone
to oxidative attack. These results are consistent with earlier
findings showing that reactive oxygen species, including
ozone, cause significant damage to bacterial membranes,
proteins, and DNA, ultimately leading to cell death or
sublethal injury depending on the intensity and duration
of exposure [18]. This suggests that, while some bacterial
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cells survived ozone treatment, their cellular integrity and
metabolic functions were compromised, making them
more susceptible to additional stressors such as antibiotics.
These findings support the idea that ozonated water could
serve as an adjunct to conventional antimicrobial treat-
ments, enhancing their efficacy against resistant pathogens.

Misidentification of microorganisms by the Vitek-2
system has been documented in several studies. S. Kim et
al. [19] reported a case in which Acinetobacter baumannii
was misidentified as Alcaligenes faecalis. Similarly, N. De
Lappe et al. [20] described the misidentification of Lis-
teria monocytogenes, while Z. Zong et al. [21] found that
Burkholderia pseudomallei was incorrectly identified as
Burkholderia cepacia. T.S. Park et al. [22] observed a misi-
dentification of Aeromonas veronii biovar sobria as Vibrio
alginolyticus, and T.K.E Wang et al. [23] noted that a mu-
coid strain of Salmonella enterica serotype Choleraesuis
was misidentified as Hafnia alvei. These examples illus-
trate the limitations of automated identification systems,
particularly when dealing with atypical strains or those
subjected to environmental stressors. In the present study,
the misidentification of Staphylococcus aureus following
treatment was likely influenced by oxidative stress caused
by the combined presence of ozone and chlorine gener-
ated during the electrolysis of saline solution. While the
specific contribution of each oxidant cannot be precisely
determined, this outcome supports, at least partially, the
hypothesis that oxidative treatments, including ozone ex-
posure, may induce sublethal damage to bacterial cells.
Such damage may interfere with biochemical identifica-
tion systems and compromise diagnostic accuracy, high-
lighting the need for further investigation.

Although the observed increase in inhibition zone
diameters and the reduction in the number of antibiotics
to which the isolates appeared resistant suggest enhanced
susceptibility, these changes should not be interpreted as
a permanent reversal of antibiotic resistance. The effect is
more accurately attributed to sublethal cellular damage
induced by oxidative stress, which compromises bacterial
defence mechanisms and temporarily sensitises the cells
to antibiotics. This is consistent with previous findings in
food microbiology, where reactive oxygen species such as
ozone were shown to cause bacterial injury that is reversi-
ble under favourable conditions [24]. It is likely that, if the
bacteria were provided with time and nutrients to recover,
their original resistance profiles would re-emerge. There-
fore, aqueous ozone should be viewed not as a standalone
solution but as a temporary adjunct that enhances antibiot-
ic efficacy during the acute phase of infection.

While this study demonstrates that pretreatment with
aqueous ozone can enhance bacterial susceptibility to anti-
biotics through sublethal injury, recent findings also urge
caution regarding the broader implications of sublethal
ozonation. A study by C. Bai et al. [25] reported that sub-
lethal concentrations of ozone (0-1.0 mg/L for 10 minutes)
increased the frequency of conjugation and transforma-
tion among E. coli strains carrying resistance genes. These

findings suggest that oxidative stress may promote hori-
zontal gene transfer, potentially accelerating the spread of
antibiotic resistance in aquatic environments. Although
the ozone concentrations and experimental settings in
this study differ, and the treatment was designed to sup-
port infection control in a clinical context, this evidence
highlights the need for careful optimisation of ozone-based
interventions. Ensuring adequate ozone dosing to achieve
complete bacterial inactivation may be critical, particularly
when applying ozone in environmental or water treatment
settings, where sublethal exposure could have unintended
ecological consequences.

Conclusions

This study demonstrates the promising potential of
aqueous ozone, generated via electrolysis, as an effec-
tive adjunct in combating multidrug-resistant patho-
gens isolated from combat-related wounds. Among the
Gram-negative bacteria, the most frequently isolated
pathogens were Acinetobacter baumannii, Klebsiella pneu-
moniae, and Pseudomonas aeruginosa. For Gram-positive
bacteria, Staphylococcus aureus, Bacillus cereus, and co-
agulase-negative Staphylococcus spp. predominated. All
isolates exhibited multidrug resistance, displaying resist-
ance to three or more classes of antibiotics, highlighting
the urgency for alternative or adjunctive antimicrobial
strategies. The results indicated that pretreatment with
electrolytically generated ozonated water (~4 mg/L) in-
duced significant sublethal injury in both Gram-positive
and Gram-negative bacteria. Specifically, S. aureus exhib-
ited approximately 89% sublethal injury after 15 minutes
of exposure, while E. coli showed an even higher level of
damage, with nearly 99% of cells sublethally injured. No-
tably, this treatment enhanced the antibiotic susceptibility
of multidrug-resistant isolates, as evidenced by the con-
sistent reduction in the number of antibiotics to which the
bacteria appeared resistant, and by increased inhibition
zones in Kirby-Bauer disc diffusion tests. These findings
highlight the potential of aqueous ozone as a comple-
mentary approach that can temporarily sensitise resistant
pathogens and improve the effectiveness of existing treat-
ments. Importantly, electrolytic ozonation ofters practical
advantages: it is low-cost, generates ozone on demand
without the need to handle gaseous ozone, and can be im-
plemented in resource-limited or field settings. However,
the study also underscores the need for careful optimisa-
tion, as oxidative treatments may have unintended effects,
such as temporarily altering bacterial identification pro-
files. Future research should explore the long-term clini-
cal outcomes of combined ozone-antibiotic therapies and
establish standardised protocols for safe and effective use
in both civilian and military healthcare contexts.
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AHoOTaL,if. BoiioBi IOpaHeHHs YacTO YCKIAGHIOKTHCA IHQEKUiAMM, CHPUYMHEHVMM MY/IBTUPE3UCTEHTHUMM
MiKpoopraHiamMamy, 10 CTBOPIOE 3HAYHi IIpo6eMy i JTiKyBaHHA. [I11 IOKpallleHHs Pe3y/IbTaTiB y TaKUX BUIIAJKaX
HeoOXifHi a/lbTepHaTVBHI JOIOMDKHI cTparerii iKyBaHHA. MeTOI0 IIbOr0 HOCTIKeHH: OY/I0 OLIHUTY aHTUMIKpOOHMI
IIOTEHIIiaI e/IEKTPOIITUYIHO 3T€HEPOBAHOIO BOJHOIO PO3YMHY O30HY, 30CEPEKYIOUYNCh Ha JI0r0 3aTHOCTI BUK/IMKATA
cy0eTanbHe IOLIKOKeHHA OaKkTepill Ta MifBMINYBAaTV Yy TIUBICTH JO aHTMOIOTHKIB. 3arajoMm Oyno oTpumaHo 357
MyJIbTUPE3UCTEHTHNUX KTiHIYHUX i30/IATiB 3 BUMiIZIEHb 3 PaH Ta 3pa3KiB KpoBi 284 mopaHeHux BilicbkoBux. Haityacrinre
BUAUIAICA TaKi 30ymHUKY, K Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus cereus Ta xoarynazoneratusHi Staphylococcus spp. O30HOBaHy BOZLy 6Y/IO 3TeHEpOBaHO B KOHIIEHTPaLiAX
Big 3,6 go 11,2 Mr/j, moTiM cTaHFAapTU3yBaHO 10 ~4 Mr/1 pia 6akrepianbHOi 06poOKu. Binibpaui isonatu S. aureus Ta
Escherichia coli 6ynu niffani BIIMBY BOZHOTO po34uHy 030HY IpoTAroM 10 i 15 xBwmH. Cy6/eTanbHi MOMKOIKeHHA
OLI{HIOBA/INCh LIUIAXOM IIOPiBHAHHS POCTY OaKTepill Ha CeIeKTMBHMX Ta HECEeNTeKTMBHUX CepefoBUINAX, BUABMBIIN
1o 89,2 % cyOneTanbHO IOLIKOPKEHNX KITUH S. aureus Ta 1o 98,6 % molkomkeHux KuituH E. coli yepe3 15 XBUIMH.
[Tomepenni ouinkyu MiHiManbHOI iHri6yr04oi KOHIeHTpamlii 3 BUKOPUCTAHHAM cucTeMu Vitek-2 O6ymm crorBopeHi
KOMOIHOBaHMM BIUIMBOM O30HY Ta BiIbHOTO XJIOPY, L0 YTBOPIOETLCA IIiJ YaC €IeKTPOi3y CONbOBOIO PO3YMHY, IO
CIIOHYKaJIO IO Ilepexofy Ha pyucko-pudysiimmit Tect Kip6i-bayepa. PesynbpraTu nOoCTinoBHO OKa3yBaay IifiBUILECHY
YyTIMBICTb KO aHTMOIOTUKIB Yy 00poONeHNX i30/ATaX, IPO IO CBifYMTb 30iIbIICHHA fiaMeTpiB 30H iHriGyBaHHA Ta
3MEHILEHHs Ki/TbKOCTI aHTMOIOTHKIB, 1O SKUX 130/IATH 3a/MNIIANCS CTINKMMU. ENeKTponiTuiHO 3reHepoBaHmil BOTHMIT
PO34MH 030HY eeKTUBHO IOPYIIyE LiMiCHICTb OaKTepiil, Mi{BUIYI04M IXHIO Yy T/IMBICTb B0 aHTU610THKIB. BiH mpomonye
HepCIeKTUBHY JJOaTKOBY CTpaTeriio Jyid JiKyBaHHA MY/IbTUPe3UCTeHTHUX iH(DeKIIill, 0cO61MMBO B YMOBaX 0OMEXeHNX
pecypciB a0 y BOEHHUIT 9ac

KAIO4OBI CAOBQ: anTu6aKTepianbHa aKTUBHICTD; CTIMKICTh 10 aHTUOIOTHKIB; 030HOBaHA BOMA; MATOTEHHI GaKTepii;
cy0JeTaIbHi NOIKOMKEHH A
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