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Introduction. The article presents the results of monitoring antibiotic resistance of microorganisms isolated
from military personnel undergoing long-term treatment in specialized hospitals. A high level of resistance to
antibacterial drugs was established. The predominance of gram-negative microflora was noted not only in the general
structure of the development of purulent-inflammatory processes, but also in resistance. Of particular concern are
isolates that have proven to be resistant to the reserve group of drugs.

Purpose. Monitoring the sensitivity of microorganisms to antibacterial drugs in patients with various types of
injuries caused by military events.

Materials and methods. Bacteriological examination of biological material using Vitek-2 Biomerieux
automated pathogen systems and classic, followed by determination of sensitivity using the disk-diffusion method.

Results. Mine-explosive injuries of a severe degree and bullet wounds are the main ones in the structure of
combat casualties among the hospitalized. Antibiotics and antimicrobials play a crucial role in reducing morbidity
and mortality, and not only among humans. The danger is caused by injured persons with penetrating wounds and
persons with surgical intervention, open multifragmentary fractures, endoprosthetics, metal implants and burns.
During the bacteriological examination, 439 types of microorganisms were isolated, 38.4% of which were MRSA,
vancomycin-resistant enterococci, colistin-resistant and carbopenem-resistant gram-negative rods. Also, 24.0% were
isolated MDR strains (resistant to two or more groups of antibiotics). There was a quantitative predominance of
Gr(-) flora over Gr(+). Today, antibiotic resistance is increasing to significant levels throughout the world. In addition
to the mechanisms already familiar to us, new ones are being formed that contribute to the development of
unpredictable situations during treatment. Timely started treatment makes it possible to control the course of the
infectious process and increases the chances of the patient’s recovery. In this case, the time factor plays a key role.

Conclusions. During the analysis of antibiotic resistance of microorganisms, an increase in the level of
resistance of almost all groups of isolates was found. The levels and spectra of antibiotic resistance in relation to
widely used antibacterial drugs were determined. Comparative results of bacteriological examinations of patients for
2022 and 2023. allow us to draw a conclusion about the high level of circulation of polyresistant clinical isolates. In
monitoring patients, in 2023, drugs of the reserve group were used 1.8 times more often than in the period of 2022.
which indicates a growing resistance to the main medicines. The obtained data make it possible to detect the
formation of hospital strains in a timely manner, to carry out epidemiological analysis and effective management.
Thanks to the joint work of the military and civilian health care systems, 70% of military personnel are able to return
to the ranks of defenders.
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Beryn. YV cmammi npedcmaeneHni pesyabmamu  MOHImMopuHey —aHmubiomukopesucmeHmuocmi
MiKkpoopzaaHizmis, [30/1608aHUX Y 8iliCbkogoCAYyHC608Yi8, WO hepebyganiu HA MpusdaaoMy JIKY8AHHI 8 Mexcax
cheyiasizoeaHux cmayioHapie YKpaiHu. BcmaHoe/eHO eucokull pieeHb cmilikocmi do aHmubakmepianbHUXx
npenapamis. BidMiueHO npeea/nr8aHHs 2paMHe2amMueHoi Mikpodopu He MiabKu y 3az2aAbHill cmpykmypi
po38umKy 2HililHo-3ananbHux npoyecis, a i y peaucmenmuocmi 0o nikapcbkux 3aco6is. Ocob6ause 3aHenoKOEHHS
BUK/AUKAIOMb [30/151MU, W0 8UA8UAUCL cMilikuMU do pe3ep8HOI 2pynu AiKapcbKux 3acobis.

Mera. [IposedeHHs1 MOHIMOpuUHay Yymaueocmi MikpoopeaaHizmie do aHmubakmepiaibHUX npenapamis y
nopaHeHux 8ilicbKo8oc1yx#608Yie 3 pi3HUMU 8UOAMU MPABM, NPUYUHOK IKUX cma.u 8ilicbkosi Oil.

Marepiaim Ta MeToAM. bakmepiosoziyHe docaidxceHHa 6iosno2iuHo20 Mamepiany npogoduau Ha
aemoMamu3o8aHux cucmemax iHOukayii namoeenie Vitek-2 Biomerieux I kaacu4Hum 6akmepiosio2iuHUM, 3
nodasbWuM 8UBHAYEHHAM YYyMAUBOCMI QUCKO-0UPY3ITUHUM MemMOOoM.
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PesysbTaTu. MiHHO-8U6YX08] mpasmu mMAXCKO20 CMyneHio ma Ky/a1b08i NOPAHEHHS € OCHOBHUMU Y
cmpykmypi 6otiosux empam ceped 2ocnimaaizogaHux. AHmu6iomuku ma npomumikpo6Hi npenapamu gidieparoms
8UpIWAALHY pOAb Yy Nnod0/aHHI pIBHS 3axeopreaHocmi I cmepmHocmi ceped NOPAHEHUX NICAS MSHCKUX
KOMO6IHOBAHUX MpAsM 8 yM08aX Cy4acHux 6oiliogux KoH@aikmis. Hebesneky eukaukaroms mpaemosaHi 3
HACKPI3HUMU NOPAHEHHAMU MAa 0CO6U 3 Xipyp2i4HUM 8MPYUAHHAM, 8I0KpUMUMU 6A2aMOYAAMKOBUMU NEPEAOMAMU,
eHdonpomesys8aHHAM, Memaaesumu iMniaHmamu ma onikamu. [Ipu npoeedeHHi 6akmepiono2iuHo20 00CAIOHCEHHS
6ys0 sudineno 439 eudie MikpoopzaHizmie 3 298 3paskie 6ionoziuHozo mamepiaay. 3 akux 38,4% ckaadaau
Mmemuyuain-pesucmeimui wmamu S. aureus (MRSA), 8aHkKoMiyuH-pe3ucmeHmHi eHMEPOKOKU, KOAICMUH-
pe3ucmeHmHi ma kap6oneHem cmiliki epamHezamugHi naauyku. Takoxc 24,0% 6yau eudineHi wmamu MDR
(pe3ucmenmti do deox i 6invuwe epyn anmubiomuxkig). HasieHuM 6y/10 KibkicHe nepesaxcanHs ['pamm(-) gaopu Had
I'pamm(+). 3 enesHeHicmio ModxcHa cmeepdycysamu, wjo aHmubiomukope3ucmeHmHicms 3pocmae 00 3HAYHUX
pieHie 8 ycbomy ceimi. OkpiMm 3HATUOMUX yXHce HAM MeXAHi3Mig, hopMyomuvcsi HOBI, SKi Cnpusilomb po38UMKY
HenepedbayuysaHux cumyayiii npu snikysaHHi. CeoevacHo podnoyame AiKy8aHHs dae 3M02y KOHMpPoaK8amu nepebiz
iHgpekyitliHozo npoyecy i nideuwye waHcu Ha 00yHCaHHs nayienma. Pakmop vacy npu ybomy gidiepae Ka0408y pob.

BucHoBKM. [Ipu nposedenHi ananizy aHmubiomukope3ucmeHmHuocmi eudiseHux Mikpoop2aHiamis, 8Us18/1eHO
nidguweHHs1  pieHs  cmillkocmi npakmu4Ho ycix epyn i3osasmie. BusHauyeHo pieHi [ chekmpu
aHmubiomukopesucmeHmHocmi no 8i0HOWeHHI0 0 WUPOKO3ACMOCO8Y8AHUX AHMUbAKMepiaabHUX npenapamie.
IlopieHsAbHI pe3yabmamu 6akmepioaozivHux docaidxceHb xeopux 3a 2022 ma 2023pp. 003805110mb 3po6umu
BUCHOBOK Npo 8UCOKUU pigeHb YUPKYAAYIl nonipe3ucmeHmMHUX KAIHIMHUX i30159mig. Y MOHIMOPUH208UX XGOPUX Y
2023p. npenapamu epynu pe3epsy sukopucmosysaau y 1,8 pasie uacmiwe, Hidxc 3a nepiod 2022p. wo cgiduums npo
3pocmarody cmiiikicmb 0o OCHOBHUX /IKAPCbKUX 3aco6ie. OmpumaHi daHi 00380110Mb CEOEHACHO BUSBASIMU
¢opMmysaHHs 2ocnimanbHUx wmamis, npogodumu enidemiono2ivHull aHaniz ma egpekmueHe ynpasaiHHs. 3a80saku
chiavHill npayi eilicbkogoi ma YusiAbHOI cucmem 0xopoHU 300pos’si, y Malixce 70% e6unadkie nopaHeHw,
gilicbKogocyacb08Yyi nosepmaromucs y 108U 3aXUCHUKIB.

Kinw4oBi cioBa: MiHHO-8U6YX08] MpasMu, 802HENA/bHO-KY/Ab08]1 YUKOONCeHHS, OCKOJIKO8I NOpAHeHHS,

KoMnpeciiiHo-30aeeHi mpasmu (K3T),

CUHOpoM

mpasmMamu4Ho20 eHOOMOKCUKO3Y (CTE),

aHmubiomukope3ucmeHmHicms, aHmubiomuku, cmitikicms do AikapcbKux 3acoois.

Introduction. The problem of antibiotic
resistance of microorganisms is always a matter of
concern for doctors of all specialities. Multidrug
resistance leads to the development of a number
of complications and an increase in the length of
hospital stay [3]. The problem of resistance has
been constantly discussed in the medical
community for the past 70 years. However, in the
last decade, antibiotic resistance has become a
truly critical global health issue. The cause of
resistance lies in the genetic aspects of pathogens
[1, 2]. The full-scale war unleashed by Russia
against Ukraine, in addition to its dangerous
impact on the lives of Ukrainians, has had a
tremendous negative impact on health in general
and, in particular, on the effectiveness of recovery
of servicemen after injury. Difficult life
circumstances make their own adjustments to the
medical problem. The war has additionally
created problems that existed before. The
prolonged development of military events in
Ukraine has become the culmination of the
development of antibiotic resistance [1, 2].

The military model of the modern
healthcare system involves a large number of
evacuation stages for traumatised people, which
leads to prolonged and additional infection with
pathogens. In addition to environmental factors,
the patient is constantly surrounded by many
people (fellow soldiers, medics, doctors) who may

be bacterial carriers of opportunistic pathogens
[3].

Heavy metals in bullets, deep and extensive
wounds, damaged sanitary and hygienic
infrastructure in the combat zone, and forced
prolonged stay without qualified medical care
contribute to the rapid spread of the infectious
process. Mine-blast injuries, gunshot and bullet
injuries, shrapnel wounds, compression and strain
injuries (CSI), traumatic endotoxemia syndrome
(TES), prolonged compression syndrome (PCS),
cold injuries (trench foot), combined wounds, and
amputations are the main causes of sanitary losses
among personnel [3, 5]. Combat mine-blast
injuries vary in severity of injury, infectious
complications, and, unfortunately, have a high
mortality rate [4, 10]. Injuries caused by modern
combat weapons are a special type of injury with
a rupturing high-kinetic effect and wound channel
characteristics, and usually with the formation of
"pockets”. With such specific injuries, it is not
possible to carry out a complete revision and
surgical treatment of the wound. The time factor
plays a key role in this case [6, 13].

Resistance of microorganisms poses a direct
threat when using such modern technologies as
joint replacement, application of the Ilizarov
compression and distraction apparatus, plates for
displaced open comminuted fractures,
endoprosthetics with metal implants, as well as
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treatment of burns and wound healing with
secondary tension. First of all, this applies to
pathogens of hospital-acquired infections that are
not sensitive to many generations of antibacterial
drugs.

Natural migration processes also play a
significant role in the spread of resistant
pathogens. Unfortunately, pathogens do not
recognise state borders. This problem was
exacerbated by the coronavirus pandemic, when
antibacterial drugs were prescribed en masse to
prevent the development of secondary bacterial
infection [11, 12]. The complex of these factors has
led to an increase in the number of antibiotic-
resistant strains of microorganisms, which
impairs the overcoming of bacterial pathogens
and complicates the prognosis in the current
escalation.

Thus, antimicrobial resistance requires
immediate intervention not only at the regional or
national level, but also at the international level,
especially in the current context. Ukraine, like
most countries in the civilised world, has
committed itself to taking a number of measures
to implement the rational use of antimicrobials in
medicine in accordance with international
standards.

The goal of the global medical community is
to curb the spread of resistance, implement
regulatory mechanisms and effective monitoring
programmes to detect resistant strains.

The international organisation is actively
involved in addressing this issue. The Global Drug
Resistance Surveillance System (GLASS) calls for
systematic data collection in all areas of life. In
2022. WHO updated the list of priority pathogens
[8].

The purpose of our study was to
investigate the prevalence of antibiotic-resistant
forms of the main pathogens of purulent-septic
diseases and to assess the spectrum of sensitivity
to the list of main and reserve drugs among
wounded servicemen treated in medical
institutions of the Ministry of Defence and the
Ministry of Health of Ukraine.

Materials and methods. Bacteriological
studies of servicemen with various types of
injuries sustained as a result of hostilities in 2022-
2024 were analysed. Clinical strains of
microorganisms were isolated from the contents
of through wounds, open comminuted fractures,
patients with endoprosthetics, metal implants and
burns who were treated in the surgical and trauma
departments of hospital institutions in the region.
The results of 298 samples of biological material
were collected and analysed. All patients were

male, with an average age of 31.4 - +15.5 years,
with soft tissue trauma, endotoxemia syndrome,
mine-blast injuries, amputation of upper and
lower extremities, open fractures, infectious
complications, and osteomyelitis. The average
length of bed days was 49-60 days.

The material was collected with a sterile,
single-use plastic applicator from the deep layers
of the wound and transported in tubes with
SARSTEDT AG&Co (Germany) medium. The
material was delivered to the bacteriological

laboratory within one hour. Microbiological
diagnostics consisted of  bacterioscopic,
bacteriological and biochemical methods of
examination.

The bacterioscopic method made it possible
to tentatively establish the composition of the
microbial landscape of the materials under study,
the purity of the isolated culture, tintorial
properties and morphological characteristics of
microorganisms. The biological material was
tested using automated pathogen indication
systems Vitek-2 Biomerieux and the classical
bacteriological method, followed by sensitivity
determination by the disc diffusion method and
mandatory monitoring of resistance to drugs that
were registered at the hospital, and in severe cases
- to the reserve group in the clinical centres of the
region.

Results of the study and their discussion.
A total of 439 isolates were isolated. In 279
wounded, the infection was treated as
community-acquired, as it was associated with
prolonged evacuation stages. The highest
concentration of bacteria was detected at the
boundary between living and necrotic tissues.

There were multidrug-resistant pathogens
with extreme resistance, which caused a lot of
difficulties in treatment. In such cases,
combinations of antibiotics with different
mechanisms of action were used (36%).

In 2017, the WHO introduced the Acces,
Watch, Reserwe (AWaRe) classification aimed at
curbing the trend of increasing antibiotic
resistance (AR) in the world and improving the
safety and effectiveness of antibacterial use. The
classification includes 180 antibiotics, which are
divided into three groups: available (Acces), under
surveillance (Watch,) and reserve (Reserwe), with
their pharmacological classes, anatomical,
therapeutic and chemical classification codes, as
well as their status in the WHO Essential
Medicines List [7, 9].

Resistance monitoring showed that 6
pathogens were responsible for complications: E.
coli, Ps. aeruginosa, Acinetobakter baumanii,
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Staphylococcus Klebsiella
Streptococcus spp.

The results of monitoring the microflora
isolated from the biological material of wounded
servicemen in 2022-2023 who received inpatient
treatment in specialised hospitals indicate the
prevalence of gram-negative microflora (56%)
among microorganisms. It is noteworthy that the
proportion of Gram(-) bacteria decreased in
autumn and winter. In the spring and summer, the
proportion of Gram-negative pathogens isolated
increased to 68%, mainly due to E. coli (28%),
Klebsiella spp. (16.4%), Asinetobacter spp.
(12.3%), Pseudomonas spp. (11.3%). Anaerobic
infection accounted for 6.4%. Other pathogens
accounted for 25.6%. It should be noted that the
resistance of pathogens was not equivalent in
servicemen who were in different regions of the
military conflict.

aureus, spp,

E. coli was highly resistant to
aminopenicillins (46.2%) and especially to
tetracyclines (97.0%). Escherichia coli were

susceptible to teigecycline in 38.7% and amikacin
in 29.7%. Penicillins were not susceptible in 100%
of cases, as well as carbenicillin, ticaricillin with
clavulanic acid), and intermediate susceptibility
was determined to cephalosporins. Meropenem
remained inactive to the isolates in most cases.

The isolated Klebsiella spp. strains showed
a high frequency of resistance even to
cephalosporins. They were 100% resistant to
penicillins, fluoroquinolones, and piperacillin-
tazobactam. The carbopenems (meropenem,
imopenem) have high activity against Klebsiella
pneumoniae - resistance is less than 14% in all
cases. Cephalosporins were resistant in 41.1% of
Klebsiella pneumoniae, aminoglycosides
(amikacin, gentamicin) in 75.9% of Klebsiella
pneumoniae were resistant, and 79.0% were
resistant to fluoroquinolones (ciprofloxacin,
levofloxacin).

The list of antibacterial drugs active against
Pseudomonas aeruginosa is much shorter. New
combinations of ceftazidime/avibactam
(Zavicefta), ceftolozan/tazobactam (Zerbaxa) are
actively used as the best option for the treatment
of multidrug-resistant Gram-negative infections
caused by carbenicillin-resistant
Enterobacteriaceae and drug-resistant Ps.
aeruginosa. In 9.0%, ceftazidime, meropenem,
carbenicillin, and cefepime had intermediate
activity against the isolated Ps. aeruginosa
isolates.

Cefiderocol showed antibacterial effect
against gram-negative bacteria, including
Asinetobacter spp. Also, it was active against

Hemophilis spp. which are the causative agents of
upper respiratory tract inflammation in
polygamous infection, especially in patients on
ventilators.

Plazomicin (Zemdri), a new broad-spectrum
aminoglycoside, was effective in 80.4% of
patients, especially in patients with concomitant
bacterial infection of the kidneys and urinary
tract.

Pr.mirabilis was susceptible to amikacin,
phosphomycin, fluoroquinolones, meropenem. It
was insensitive to penicillins, cephalosporins, and
piperacillin-tazobactam.

Gram-positive  pathogens isolated in
infectious toxic shock (S. aureus, E. faecalis,
Streptococcus spp.) were sensitive to vancomycin,
linezolid, phosphomycin, teicoplanin. In case of
complicated course of the infection, combinations
of different groups of antibacterial drugs and a
reserve group were used.

A high frequency of methicillin-resistant
staphylococcus aureus strains (57.8%), resistant
to all betalactam antibiotics (61.9%) and
macrolides (67.0%) was observed. The highest
number of methicillin-resistant S. aureus strains
(MRSA) was detected in wounded who were
undergoing long-term treatment.

In association with bacterial infection,
fungal infection was identified in many cases
(22.0%). Thus, Candida albicans was resistant to
fluconazole in 28%, amphotericin B in 31%, and
caspofungin in 23%. Candida auris was identified
in 5.2% of cases and was also resistant to many
antifungal drugs (43.0%).

The proportion of non-fermenting Gram(-)
bacteria in the etiological structure of bacterial
infections of military personnel in medical
institutions of various profiles was determined.
The levels and spectra of antibiotic resistance in
relation to commonly used antibacterial drugs
were determined.

Cefiderocol (a reserve drug) was prescribed
to critically ill patients, as it was effective in
treating patients with carbepenem resistance.
Cefiderocol had antibacterial activity against
gram-negative bacteria, including Acinetobacter
spp. and Pseudomonas spp. It was also active
against Haemophilis spp. in patients on
mechanical ventilation devices (MVDs). The new
broad-spectrum aminoglycoside was effective in
80% of patients, especially in patients with
secondary kidney and urinary tract infections.
Representatives of Enterococcus faecium,
Klebsiella pneumoniae, Acinetobacter baumanii,
Staphylococcus aureus, Pseudomonas aeruginosa,
Enterobacter spp. were resistant to most drugs.
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Pseudomonas and Acinetobacter were sensitive to
colistin.

S. saprophyticus is the only gram-positive
pathogen that is sensitive to tegecycline and
vancomycin and resistant to penicillins,
cephalosporins, and macrolides.

An increase in the level of resistance of
almost all strains to oxacillin (54.0-89.0%),
azithromycin (42.0-71.0%), and aminoglycosides
(76.0%) was detected. Braxone was active in
93.0% of cases.

Prospects for further research

It is planned to continue studying the
effectiveness of etiotropic therapy of purulent
inflammatory diseases in the context of further
escalation of the military conflict with Russia in
order to improve the treatment of patients and
wounded, as well as to prevent the formation of
hospital strains of pathogens.

Conclusions.

1. The issue of etiotropic therapy of purulent
inflammatory diseases in the context of war
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