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The aim of the study was to identify the dominant clonal lineages of pathogens causing combat wounds and to determine their ~ Keywords:
antimicrobial resistance determinants for the purpose of optimizing antimicrobial drug administration in wartime. antibiotics,
resistance, genome
sequencing, high-risk
clones, infection,
combat trauma.

Materials and methods. Microbiological monitoring of combat wound contents was carried out in patients of three medical hospi-
tals in the central region of Ukraine during 2014—2023. Molecular genetic studies involving whole genome sequencing (WGS) of
isolated cultures using Next-Generation Sequencing (NGS), followed by multilocus genotyping of genome sequences and gene
identification, were performed at the Walter Reed Army Institute of Research (USA). Antibiotic sensitivity was determined using

the disc diffusion method in accordance with the EUCAST recommendations.
Zaporozhye

Results. The results of bacteriological studies of combat wounds of the limbs and soft tissues of the torso during 2022 and 2023  Medical Journal.
have shown that A. baumannii (35.7 %), K. pneumoniae (20.7 %), and P. aeruginosa (14.9 %) were the most common organ- ~ 2025;27(5):355-360
isms cultured. For A. baumannii, 95.6 % of isolates were multidrug-resistant (MDR), and 41.1 % were classified as extensively

drug-resistant (XDR). Genome sequencing identified several high-risk international clones, including ST2, ST78 and ST1077,

which carried the carbapenemase genes bla,,, ,,, bla,, ,,and the 16S methyitransferase gene armA. Among the various strains

of P. aeruginosa, isolates of globally distributed clonal lines ST235, ST357, ST773, and ST1047 have been identified.

The K. pneumoniae isolates belonged to five distinct clonal groups: ST395, ST307, ST147, ST39, and ST23. Most of these isolates
carried carbapenemases and were classified as MDR and XDR.

Conclusions. This study analyzed bacterial pathogens from combat wounds in Ukraine (2014-2023), revealing a dominance of
MDR/XDR Gram-negative organisms, primarily Acinetobacter baumannii, Pseudomonas aeruginosa and Klebsiella pneumoniae.
Whole-genome sequencing identified the emergence of high-risk international clones (e. g. A. baumannii ST2, ST78, ST1077;
P. aeruginosa ST235, ST357, ST773, ST1047; K. pneumoniae ST147, ST307, ST395), many carrying bla,,,, bla,y,, 165 rRNA
methyltransferases and, in K. pneumoniae, hypervirulence markers. The findings underscore the close association between armed
conflict and the amplification of antimicrobial resistance, driven by high antibiotic consumption, complex evacuation pathways, and
nosocomial transmission in overstretched healthcare systems.

AHTMMiKpPOOHa pe3uCTEHTHICTb | reHOMHa eniaemionoria 6akTepiaAbHUX iHeKLiH Kntouosi croga:
v . . aHTUOIOTHKM,
y BiHCbKOBOMY KOHTEKCTi: YKpaiHa, 2014-2023 DESHCTEHTHICTS
CEKCeHyBaHHA
B. N. Kosanbuyk, M. Makl'aHH, I. A. Boryw, H. C. ®omiHa, 0. 0. ®omiH, B. M. KonapaTiok FEHOMA, KAOHM

BMCOKOIO PU3UKY,
iHOeKLis, 6oltoBa
TpaBMa.

Merta pob0TH — BUSIBNIEHHS! KIOHANMbHVX MiHil 30yAHWKIB IHEKLMA, WO AOMiHYHOTb, 6OI0BMX paH nig Yac BilHM B YkpaiHi, BU3Ha-
YeHHs! AeTEPMIHaHT CTIKOCTi BUAINEHUX MIKPOOpPraHiaMiB O aHTMGIOTUKIB 1151 €heKTUBHOTO aMIHICTPYBaHHS aHTUMIKPOGHNX
npenapariB y BOEHHWIA Yac.

Marepianu i MeToau. MonekynsipHo-reHeTi4Hi fOCTikeHHs! 3 cekBeHyBaHHs reHoma (WGS) BUAINEHIX KyrkTyp METOAOM «HOBOTO  3an4pisskuii
MOKOIIHHS1» 3 HACTYMHUM 6araToNOKyCHUM TUMYBaHHSAM NOCIIAOBHOCTE reHoMa 11 ineHTUdiKaLieto reHiB 3ailicHeHo y nabopaTopii  meanunmit xypHan.
BilicbkoBoro iHCTUTYTY JocrimpkeHs iM. Bontepa Piga (CLUA). YyTnmBsicTb [0 aHTUGIOTKIB BU3HAYEHO AUCKO-aNAY3iliHM MeTofoM  2025. T. 27, Ne 5(152).
BIANOBIAHO 10 pekoMeHaaLiit EUCAST. C.355-360

Pesynabrati. 3a pesynsratamu AOCTIMKEHHS BMICTY 60M0BUX paH KiHLIBOK i M'SIKUX TKaHWH Tyny6a, Lo saiickeHe y 2022-2023,
nigTBEpAUNN TEHAEHL0 A0 AOMiHYBaHHS A. baumannii (35,7 %) Ta K. pneumoniae (20,7 %), P. aeruginosa BugineHo y 14,9 %
BWNaakis. Bueunnu npodini heHoTUNOBOI PE3NCTEHTHOCTI, BCTaHOBUAW, WO A. baumannii y 95,6 % Bunagkis Hanexanu 4o
mynbtupesuncteHTHnx (MDR), a 41,1 % wramis xapaktepusyBanucs HagasnyaiHow pesncteHTHicTio (XDR). CekBeHyBaHHS
reHoma i3onsaTie A. baumannii BU3Haumno 8 pisHux knoHanbHux ninin: ST2, ST78 i ST1077, — wo € Hociamu kapbaneHemas
blagy, ., blag,, ., Ta reda armA. Cepeq wramis P. aeruginosa BUGIneHo i3onaTv KnoHanbHuX niin ST235 i ST357, ST773,
ST1047, wo maroTb rnobarbHe NOLMPEHHS! | € HOCISIMU FEHETUYHIX IETEPMIHAHT NPOAYKLIT GeTanakTamas posLLUMPEHOro cnekTpa
aii knacy A, D Ta metanobetanaktamas. Buainei isonatu K. pneumoniae Hanexanu nepeBaxHo 40 M'ATW KNOHANbHWX rpyn
ST395, ST307, ST147, ST39, ST23, wo nepesaxHo Oynn HocisMu kapbaneHemas i 3a (HEHOTUNOBOIO YYTNMBICTIO Hanexanu
no MDR i XDR wrawmis.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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BucHoBku. [MpoaHanisoBaHo 6akTepianbHi natoreHu, BUAineHi 3 60/oBMX paH ykpaiHCbkuX BiicbkoBocnyx6osLiB (2014-2023 pp.).
BcTaHoBneHo foMiHyBaHHS MynbTupeaucTeHTHUX (MDR) Ta ekcTpemanbHo peucTeHTHUX (XDR) rppamHeraTuBHUX MiKpoopraHiamis,
nepesaxHo Acinetobacter baumannii, Pseudomonas aeruginosa 1a Klebsiella pneumoniae. lMOBHOreHOMHE CEKBEHYBaHHS Aano
3MOry BUSIBUTW MiXXHApPOAOHi BUCOKOPU3UKOBI k1noHu (A. baumannii ST2, ST78, ST1077; P. aeruginosa ST235, ST357, ST773,

ST1047; K. pneumoniae ST147, ST307, ST395), i Barato i3 HUX HECYTb reHn bla

oxar Dlayo,, MeTnTpaHcdepas 16S pPHK, a

K. pneumoniae — LLie 1 MapKepW rinepBipyNeHTHOCTI. PeaynbtaTi JOCTIMKEHHS NATBEPAXYHOTb 3B'S30K MidK 30PONHNM KOHAAIKTOM i
MOLUMPEHHSIM aHTUMIKPOBHOT PE3UCTEHTHOCTI, LLIO 3yMOBEHE BUCOKUM PIBHEM NMpUIIMaHHs aHTUGIOTVKIB, CKagHUMM MapLLpyTamu
MeanYHoI eBakyalLlii Ta BHYTPILLHBOIIKAPHSHOK NepeaaYeto y nepeBaHTaXeHNX CUCTEMaxX OXOPOHU 30POB'S.

A significant challenge in contemporary military medicine
pertains to the management of infectious complications
arising from combat injuries, which affect more than a third
of wounded individuals. The complexity of resolving this
issue is associated with the global dissemination of anti-
biotic resistance in bacterial pathogens. The World Health
Organization (WHO) has included antibiotic resistance in
its list of the 10 major threats to global health. In 2015, the
WHO initiated a global surveillance system for antimicrobial
resistance (GLASS), encompassing over 120 countries.
According to the findings of GLASS, even in the relatively
peaceful year of 2019, antibiotic resistance was the direct
cause of 1.27 million deaths worldwide and contributed to
further 4.95 million deaths [1].

It is evident that a discernible correlation has been ob-
served between the propagation of antibiotic resistance and
geopolitical military conflicts over the past fifty years [2]. The
first reported cases of penicillin-resistant wound pathogens
in humans with military injuries were first reported during
World War Il. While the rate of staphylococcal resistance
to penicillin at this period was 17 %, by 1952, during the
Korean War, it had reached two-thirds of the strains isolated
from wounded soldiers. The first reports of enterobacteria
producing New Delhi (NDM) metallo-beta-lactamase in war
wounds were documented during the Libyan conflict. During
the military operations conducted by the coalition forces in
Iran and Afghanistan, carbapenem-resistant A. baumannii
swiftly emerged as a prominent threat, becoming a prevalent
cause of serious wound infections [3,4,5]. This phenomenon
can be explained by the fact that, in wartime, the urgent
need for daily empirical use of antibiotics in large numbers
of wounded patients exerts rapid and powerful selective
pressure on wound microflora. Concurrently, nosocomial
transmission plays a critical role in the dissemination of
these resistant bacterial strains, as the need for rapid
decision-making concerning treatment choices, aimed at
the preservation of life, often supersedes infection control
measures.

The full-scale Russian — Ukrainian war is no exception
in this regard. The microflora of combat wounds and the
antibiotic resistance profiles of wound pathogens have been
monitored from the onset of hostilities in eastern Ukraine
in 2014 to the present [6]. The findings provide compelling
evidence of a strong association between the proliferation of
antibiotic-resistant bacterial pathogens and armed conflicts.

Aim

The aim of the study was to identify the dominant clonal
lineages of pathogens causing combat wounds and to
determine their antimicrobial resistance determinants for

the purpose of optimizing antimicrobial drug administration
in wartime.

Materials and methods

A bacteriological study of the wound contents of wounded
patients who were treated in hospitals in the Central region
between March 2022 and September 2023 to receive spe-
cialized and highly specialized medical care was conducted.
For comparison, we used bacteriological data obtained
prior to the full-scale invasion, during the Anti-Terrorist
Operation / Joint Forces Operation (ATO / JFO) period
from 2014 to 2020.

Whole genome sequencing using lllumina MiSeq and
NextSeq instruments and subsequent molecular analysis
were performed in the USA at the Multidrug-resistant
Organism Repository and Surveillance Network (MRSN)
laboratory, as previously described [7,8,9].

Antibiotic sensitivity was tested using the disc diffusion
method in accordance with the European Committee on An-
timicrobial Susceptibility Testing (EUCAST) recommenda-
tions. Antibiotic resistance profiles were assessed according
to the criteria established by A. P. Magiorakos et al. [10].

Results

The results of bacteriological studies of 171 wounded sol-
diers with similar injuries in 20222023 confirmed the dom-
inance of non-fermenting Gram-negative microorganisms.
The species composition of wound pathogens underwent
a slight alteration, with an increase in the prevalence of
representatives of the Enterobacteriaceae family (Fig. 1).

The results of our investigations have shown a signifi-
cant increase in the frequency of K. pneumoniae isolation.
The findings of this study corroborate this trend, as the
frequency of this bacterial species isolation has increased
to 20.7 % compared to 8.6 % prior to the commencement
of the full-scale war. Among other Enterobacteriaceae found
in wound contents, E. coli was identified in 9.1 % of cases,
and Enterobacter spp. in 6.2 %. Among non-fermenting
Gram-negative bacteria, the frequency of A. baumannii
isolation has increased from 29.6 % to 35.7 % in the last
period, but P. aeruginosa has become much less common
(from 29.6 % to 14.9 %). The proportion of Gram-positive
cocci was low, and they were most often represented
(5.8 %) by Enterococcus spp.

In assessing the phenotypic resistance profiles of the
most prevalent wound pathogens, a predominance of mul-
tidrug-resistant (MDR) strains was observed, with 95.6 %
of A. baumannii isolates falling into this category. Notably,
41.1 % of these MDR strains demonstrated an extensive
degree of resistance, designated as extensively drug-re-
sistant (XDR). The molecular genetic analysis carried out
on the A. baumannii isolates revealed the presence of
eight distinct clonal lineages. The presence of such genetic
diversity was indicative of the multi-locality of Acinetobacter
sources in Ukraine.
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W 2014-2020 (%)

35.7 A. baumanii

14.9 P. aeruginosa

20.7 K. pneumoniae

6.6 Enterobacter spp.

9.1 E. coli

5.8 Enretococcus spp.

0.7 Staphylococcus spp.

2022-2023 (%)

Fig. 1. Pathogen Spectrum in Combat Wound Infections, Ukraine (20142020 vs. 2022-2023). Values indicate the proportion of isolates from combat wound infections in each period.

Representatives of high-risk international clones (ICs),
which are carriers of genetic determinants of resistance to
antibiotics of various classes, represent a large proportion
of isolated cultures. Consequently, 17.6 % of the A. bau-
mannii belonged to the world’s most widespread high-risk
clonal line ST2, and carried the carbapenemases bla,, , ,.,
bla,,, ,,» and 165 methyltransferase gene, armA, providing
resistance to all clinically relevant aminoglycosides. From
2014-2022, a single case of A. baumannii ST2 was isolated;
in contrast, from 2022-2023, 12 of the 68 isolated strains
belonged to this sequence type. This finding indicates the
intra-hospital and inter-hospital spread of pathogens. The
presence of genetically related isolates of this sequence
type, with no more than 10 single nucleotide differences
in the genome, in three hospitals in Vinnytsia, suggests
that these patients were in the same medical facility at the
previous stage of medical evacuation.

The phenotypic resistance exhibited by isolates of this
sequence type demonstrated a complete congruency with
their genotype. In the present study, seven isolates have
been found to carry the carbapenemase gene, bla,,, ,.,
and the armA 16S methyltransferase gene, therefore,
they were resistant to B-lactams and aminoglycosides
retaining susceptibility to colistin. In contrast, one isolate,
which carried the bla,,,, ,, carbapenemase gene but lacked
methyltransferase activity, demonstrated sensitivity to
colistin and tobramycin. The remaining isolates, devoid of
carbapenemase and methyltransferase genes, exhibited
MDR and sensitivity to colistin, aminoglycosides, and
carbapenems.

Itis noteworthy that 23 (33.8 %) strains of A. baumannii
are assigned to the globally prevalent clone lineage ST78
and its single locus variant (SLV) ST1077. Prior to 2022,
isolates of clone ST78 often were identified in the cultures
of wounded patients in Ukraine. The 12 isolates obtained
from three hospitals in Vinnytsia following 2022 formed a
cluster of genetically highly similar isolates, differing by 1-18
single-nucleotide differences. All isolates were found to be
carriers of the bla,, ,, carbapenemase gene, and nine
of these additionally carried the armA gene. The isolates
exhibited phenotypic sensitivity to colistin.

The most prevalent clone identified in our studies (17
isolates, 25 % of the total) was the clonal group ST19, which
has not been included in the list of high-risk international
clones being a carrier of carbapenemase genes. Five iso-
lates were identified as carrying the bla,,,, ,, gene, whereas
11 isolates were determined to harbor the bla,, ,,. In the
absence of 16S methyltransferase genes, all representa-
tives exhibited sensitivity to gentamicin and tobramycin, in
addition to colistin.

The representation of the high-risk clonal lines among
the P. aeruginosa isolates obtained was not significant. A
total of 40 bacterial isolates were taken, including three
isolates of ST235 (7.5 % of the total) and one isolate of
ST357 (2.5 %).

A considerably higher frequency of two other clones
was observed: ST773 (13 isolates, 32.5 %) and ST1047 (10
isolates, 25 %). Moreover, all recently recovered isolates
have been found to be genetically closely related (<10
single-nucleotide polymorphisms) to one isolate obtained
in 2019 from a wounded patient treated in a medical facility
in Kyiv. All isolates of this clonal line were resistant to fluo-
roquinolones and imipenem. Resistance to cephalosporin
antibiotics, aminoglycosides, and meropenem has been
found in 69.2 % of isolates of this clone. The only PDR
isolate identified in this study that was resistant to colistin
belonged to this clone. At the same time, three strains
(23.1 % of P. aeruginosa ST773 isolates) belonged to the
non-MDR (nMDR) group.

Among the ST773 isolates, four genetically related iso-
lates had a set of two metal-beta-lactamase genes, bla, ,,, ,
and bla,,, ,, as well as 165 rRNA methyltransferase rmtB4.
Another six isolates carried bla,, ,and the rmtB4 16S
methyltransferase gene. Phenotypic sensitivity to antibiotics
was consistent with the carriage of genetic markers, as the
nMDR isolates did not carry the genes for carbapenemase
and 16S RMTases production, and their resistance to fluo-
roquinolones was due to the gnr VC1 gene, and mutations
in the gyrA and parC genes.

Of the ten ST1047 isolates obtained in this study,
eight were isolated from patients in different departments
of the same hospital. Two of them were isolated from burn
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wounds, three from festering mine-blast wounds, and three
from the respiratory tract of intensive care unit patients with
signs of ventilator-associated pneumonia. Regardless of
the department in which the patient was treated and the
location of the sample collection, the isolates were highly
genetically related (0—1 allelic differences) suggesting noso-
comial transmission. All isolates of this clonal line belonged
to the XDR phenotype and were resistant to all antibiotics
regulated by EUCAST for P. aeruginosa, except for colis-
tin. It should be noted that all of them were also sensitive
to cefiderocol, which is currently unavailable in Ukraine.
Among the important genetic determinants of resistance in
all isolates of this clone is imipenemase bla,,,, .

The 56 isolates of K. pneumoniae belonged to five
clonal groups, and one isolate was classified as ST15. The
largest group was represented by the relatively young, high-
risk ST395 clone, identified in France in 2010, consisting of
20 isolates (35.7 %). The second most common group was
the long-known high-risk international clone ST307, which
consisted of 14 isolates (25.0 %). The globally widespread
clone ST147 accounted for 17.9 % (10 isolates). Among
the remaining isolates, 14.3 % (8 isolates) belonged to
ST39, and 5.4 % (3 isolates) belonged to ST23. In terms
of phenotypic sensitivity, isolates of the most common
sequence type ST-395 were divided into MDR - 55 % and
XDR-45 %. 60 % of isolates of this sequence type retained
sensitivity to at least one aminoglycoside antibiotic, 50 % to
ceftazidime/avibactam, and 50 % to tigecycline. Sensitivity
to other antibiotics was lower. Only one of the 20 isolates
did not carry carbapenemase genes, while the rest carried
the class D beta-lactamase gene bla, ,, or bla,, . All
strains of this clone carried the bla, ,, .. extended-spec-
trum beta-lactamase gene. Only one isolate had no genetic
markers of hypervirulence, while the rest carried one or a
combination of the yersiniibactin (ybt), mucoid factor (rmpA)
and aeroblastin (iuc) loci.

Fighting in Ukraine has been going on for over 10 years,
but before the full-scale war started in 2022, K. pneumo-
niae ST-307 was not found in wounded soldiers. Based on
phenotypic sensitivity, isolates were divided in half: 50 %
(n=7)-MDR, 50 % (n = 7) — XDR. Extended-resistance
variants were sensitive to colistin (n = 4) or to colistin
and tigecycline (n = 3), while MDR variants were also
sensitive to ceftazidime/avibactam, amikacin, meropenem
and imipenem. In the genome, 8 of 14 isolates had the
carbapenemase determinant bla,,, ., and only one of
them retained sensitivity to meropenem and imipenem.
6 other isolates did not carry carbapenemases and were
phenotypically sensitive to carbapenems. 9 isolates carried
the 16S RMTase armA and were phenotypically resistant
to aminoglycosides. Among the hypervirulence markers,
4 isolates of this clone had a combination of aeroblastin,
yersiniabactin and rmpA mucus regulator genes, 5 isolates
had aeroblastin and yersiniabactin, and the rest had only
the yersiniabactin gene.

We also have not detected any isolates of another
international high-risk clone, K. pneumoniae ST147, before
2022. 7 of the 10 isolates of this lineage obtained recently
belonged to XDR in terms of phenotypic sensitivity and
were sensitive only to colistin and amikacin or gentamicin.

All 10 isolates carried carbapenemase: 3 isolates car-

ried bla 3 isolates carried bla and the remaining

NDM-1? OXA-48'

4 isolates carried both. Only bla,, ,, carriers showed
phenotypic sensitivity to cephalosporins and imipenem/
cilastatin. Only 1 isolate carried the 16S rRNA methyltrans-
ferase armA, while the rest of the isolates were resistant to
aminoglycosides and fluoroquinolones due to the genetic
loci of aminoglycoside acyltransferases (aac(6’)-Ib-AKT),
the RND efflux pump gene ogxA, and muationsin the gyrA
and parC genes. Among the ST-147 isolates, 9 carried
aerobactin and yersiniibactin locus, one isolate had only
the aerobactin locus.

Discussion

The war in Ukraine has led to the emergence of a poten-
tially hazardous reservoir of high-risk clones of antibiotic-
resistant wound pathogens. A study of combat wounds
to the limbs and soft tissues of the torso in 161 wounded
soldiers between 2014 and 2020 revealed that the dom-
inant wound microflora was non-fermenting Gram-ne-
gative bacteria, namely A. baumannii and P. aeruginosa,
in tandem with members of the Enterobacteriaceae. In
the initial phase, the total proportion of these bacteria
constituted 80.2 % of the total number of isolated strains.
However, following the full-scale invasion, this proportion
increased to 93.5 % [11].

Itis known that on the European continent, representa-
tives of two clonal lines dominate among medical isolates of
A. baumannii: 1IC 1 and IC Il (ST19, ST2) [12]. Our findings
support this concept, as the combined proportion of isolates
belonging to these two clonal lineages among the strains,
we retrieved accounted for 45.5 %. Particular attention
should be drawn to the prevalence of the Acinetobacter
clone IC Y1, which constituted 33.8 % of the isolates and
was uniformly classified as MDR or XDR. The ST78 is
categorized as an International Clone 6 (IC6), and it is
designated as the “Italian clone” because it was first isolated
in ltaly during the mid-2000s [13].

The European Society of Clinical Microbiology and
Infectious Diseases has identified 10 high-risk clonal lines
of P. aeruginosa that are globally widespread and carry
genetic determinants to produce extended-spectrum be-
ta-lactamases of classes Aand D (bla, |, s Plape Dlages,
bla,), metallo-beta-lactamases (bla,,,, bla,,., bla,y,,), and
16S rRNA methylases rmtB4. The following list, arranged in
order of significance: ST235, ST111, ST233, ST244, ST357,
ST308, ST175, ST277, ST654, ST298 [14]. Before 2022,
ST235 isolates had not been documented in patients from
the hospitals included in this study, although they had been
reported in other regions of Ukraine [7]. In one hospital,
three genetically related ST235 isolates were identified,
two from burn wounds and one from a gunshot wound.
All isolates exhibited an XDR phenotype. In addition to
susceptibility to colistin, they demonstrated sensitivity to
ceftazidime / avibactam. Genomic analysis revealed the
presence of ESBL determinants, including class A bla . ,.
Before 2022, representatives of the high-risk clonal lineage
ST357 had not been reported in the hospitals participating
in this study. A single isolate detected during the present
investigation demonstrated susceptibility only to colistin.
P. aeruginosa ST773 lineage has long attracted attention
due to its global dissemination and frequent association
with metallo-B-lactamase production [15,16]. In our pre-
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vious studies, ST773 had also been identified; however,
its frequency of isolation increased after the onset of the
full-scale war[17].

Between 2017 and 2024, K. pneumoniae moved from
fifth to first place in the WHO list of bacteria with critically
high priority due to antibiotic resistance [1], reflecting a
global trend towards an increase in the proportion of this
bacteria in the development of severe infections. Our data
from 2022-2023 demonstrate a significant rise in Klebsiella
isolation, supporting this trend. The clinical significance of
K. pneumoniae is highlighted by the emergence and rapid
spread of convergent pathotypes of this bacterial species,
which, in addition to antibiotic resistance, carry molecular
genetic markers of hypervirulence and pose a significant
clinical threat [18,19].

Researchers from a number of foreign clinics have
also reported on the threat of global spread of high-risk
clones of wound pathogens since the beginning of the war
in Ukraine [20]. As early as March 2023, German medical
practitioners documented the isolation of K. pneumoniae
ST147, ST307 and ST395, A. baumannii ST78, and
P. aeruginosa ST1047 from wounded Ukrainian soldiers
who had been evacuated to Germany for treatment [21].
In the Netherlands, a country with a low prevalence of
multidrug-resistant bacteria, K. pneumoniae ST307,
ST147 and ST395, P. aeruginosa ST1047 and ST773
were isolated from persons displaced from Ukraine. Com-
parable findings have been documented from Denmark
and Poland [22,23].

To prevent the further spread of dangerous clones
of wound pathogens, the European Centre for Disease
Prevention and Control (ECDC) recommended preventive
isolation and screening for the presence of multidrug-re-
sistant bacteria in patients transferred from hospitals in
Ukraine [24].

Conclusions

1. This study provides a comprehensive analysis of
the antimicrobial resistance profiles and clonal population
structure of bacterial pathogens isolated from combat
wounds sustained during the war in Ukraine between 2014
and 2023.

2. Across this period, we documented a marked shift
towards the predominance of multidrug-resistant and
extensively drug-resistant Gram-negative organisms, with
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Klebsiella pneumoniae as the principal etiological agents.

3. Whole-genome sequencing has revealed the
emergence and dissemination of high-risk international
clones, including A. baumannii ST2, ST78, and ST1077,
P. aeruginosa ST235, ST357, ST773, and ST1047, and
K. pneumoniae ST147, ST307, and ST395. Many of these
lineages carried clinically significant resistance determi-
nants, including bla,-type carbapenemases, bla,,,, and
16S rRNA methyltransferases, in combination with markers
of hypervirulence in K. pneumoniae.

Prospects for further research. Given the widespread
prevalence of international high-risk clones of wound patho-
gens in medical facilities at the third and fourth stages of
medical evacuation, it is essential to investigate their oc-
currence in healthcare facilities at earlier stages to identify
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their reservoirs and sources of dissemination. Furthermore,
a microbiological evaluation of the hospital environment in
these institutions is necessary to elucidate the pathways
and factors contributing to infection transmission.
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