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PE3IOME

AkTyanbHicTb. Cy4yacHiCTb AOCMIAXEHHS 3yMOBIIEHA BMCOKOK 4acTOTOK PO3BUTKY
paHoBUX iHGEKUI ¥ NaLieHTiB 3 BUOYXOBUMY NMOPaHEHHSIMU Ta OMiKOBUMU YPAXKEHHSIMU,
a TaKoX 3HaAYHOK MOLUMPEHICTIO rpamMHeraTuBHUX OakTepiii, 3okpema Pseudomonas
aeruginosa.

MeTa po60Tu — BU3HaAYeHHs cknagy Mikpobiomy paHOBOro BMICTY Big NauieHTIB, sKi
oTpumManu BUOyxoBi NopaHeHHs Ta onikoBy XBopoby. [poBeaeHHst aHani3dy piBHIB aHTUOI-
OTUKOYYTMMBOCTI BUNYYEHWX KNiHIYHWX i30NaTiB P. aeruginosa Ta BCTAHOBIEHHS 4acToTH
BUAINEHHS WTaMiB 3 MYNbTUPE3NCTEHTHICTIO Ta LUTAMiB 3 €KCTEHCMBHOI MiKapCbKoo
CTIViKICTIO.

Martepianu Ta wMetogu. Y [OOCnifKeHHi npoaHanisoBaHo 32  rocnitanbHi
wTamu P. aeruginosa, i30nbOBaHi 3 paHOBOro BMICTY Bif MauieHTIB i3 BMOYXOBMMMU
NMopaHeHHAMY Ta ONiKOBUMW ypaxeHHAMU. MikpobionoriyHe [OCHimXEHHS NPOBOAMNN
BignosigHo Ao ctanaaptis Eurepean Committee on Antimicrobial Susceptibility Testing.
AHTMBIOTUKOPE3UCTEHTHICT  BU3HAYanu Aucko-audysinHUM MetofgoM. Pesynsratv
06pobneHo CTaTUCTUYHO 3 BUKOPUCTaHHAM KpUTEpIito X2 Npu piBHI 3HavyLocTi p < 0,05.
PesynksraTtu. MpoBeaeHuin aHania nokasas, LUO KinbKiCTb rpaMHeEraTMBHUX Ta rpamnosu-
TUBHUX LUTaMIB, BUAINEHUX Big nauieHTiB 3 BUOYXOBMMM paHaMu Ta OMiKOBOK XBOPOOOHD
Oyna maike Ha ogHoMy piBHI (53 % Ta 47 % BianosigHo). [iToma Bara wramis P. aeruginosa
cepepn 30yaHuKIB paHoBOI iHdekuii cknagana 11 %. MpoBeneHo AOCHimMKEHHS in vitro
LLIOAO BU3HAYEHHS Yy TIMBOCTI BHYTPILLHBOMIKAPHAHWX WWTaMmiB P. aeruginosa, i3onb0BaHmX
BiJ NauieHTIB 3 NOpaHeHHsIMU, [0 aHTMDaKTepianbHUX NpenapariB i3 aHTUCUHBOTHINHOK
aKTUBHICTIO. BcTaHoBMEHO, WO HamBuLly eeKTUBHICTb BiAHOCHO AOCHIMKEHUX LUTaMiB
36epiratoTb LedTasnamm/aeibaktam, MeponeHem Ta amikaLuH, WO B13Havae ix sk npena-
patv BUGOpy Ans NiKyBaHHS iHeKLin, cnpuunHeHnx LM 36yaHvukoM. Cepen BUAINeHmnx
wtamiB P. aeruginosa KinbkicTb nonipesncteHTHux cknagana 11,9 %, a 76,5 % susasunucs
i3onATamMy 3 PO3LLMPEHOI PE3UCTEHTHICTIO, TOGTO CTIMKMMW NPAKTUYHO OO BCiX aHTUGak-
TepianbHUX Npenaparis, BKIHOYao4n pe3epBHi.

BucHoBku. OTpumaHi pesynstatv MawTb BaXvMBe 3HAYEeHHs AN onTumisauii emni-
pyYHOI Tepanii Ta po3pobku KMiHIYHUX MPOTOKOMIB NiKyBaHHS iHAEKUiA, 3yMOBNEHNX
P. Aeruginosa.

Kouap O.B., KouHesa O.B., KosanboB M.M., LiuraneHko O.C. ETionoriyHa ponb Pseudomonas aeruginosa B po3Butky
paHoBOI iHdeKLil Ta onikoBoi xBopobu. BicHUK Xapkiecbko2o HauioHanbHo2o yHigepcumemy imeHi B.H. KapasiHa.
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ABSTRACT

Background. The relevance of this research problem is due to the high frequency
of wound infections in patients with blast injuries and burn lesions, as well as the
significant prevalence of gram-negative bacteria, particularly Pseudomonas aeruginosa.
Purpose — to determine the composition of the wound microbiome in patients with blast
injuries and burn disease. Analysis of antibiotic susceptibility levels of recovered clinical
isolates of P. aeruginosa and determination of the frequency of isolation of multidrug-
resistant and extensively drug-resistant strains.

Materials and Methods. The study analyzed 32 hospital strains of P. aeruginosa
isolated from the wound exudate of patients with blast and burn injuries. Microbiological
examination was performed according to Eurepean Committee on Antimicrobial
Susceptibility Testing standards. Antibiotic resistance was determined using the
disk diffusion method. The results were statistically processed using the x? test
at a significance level of p < 0.05.

Results. The analysis showed that the number of gram-negative and gram-positive
strains isolated from patients with blast and burn injuries was almost the same (53 %
and 47 %, respectively). The proportion of P. aeruginosa among the pathogens of wound
infections was 11 %. An in vitro study was conducted to determine the susceptibility
of hospital P. aeruginosa strains isolated from patients’ wounds to antibacterial drugs
with anti-pseudomonal activity. Ceftazidime/avibactam, meropenem, and amikacin
demonstrated the highest efficacy against the tested strains, making them the drugs
of choice for the treatment of infections caused by this pathogen. Among the isolated
P. aeruginosa strains, 11.9 % were multidrug-resistant, and 76.5 % were extensively
drug-resistant, i.e., resistant to almost all antibacterial drugs, including reserve agents.
Conclusions. The results obtained are important for optimizing empirical therapy and
developing clinical protocols for the treatment of infections caused by P. aeruginosa.

Kotsar OV, Kochnieva OV, Kovalov MM, Tsyganenko OS. Etiological role of Pseudomonas aeruginosa in the
development of wound and burn infections. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2025;33(6(57)):940-952. DOI: https://doi.org/10.26565/2313-6693-2025-57-01

BCTYN

BnbyxoBi nopaHeHHs Ta onikoBa XxBopoba € TSKKUMMU
IO CYMPOBOMKYIOTbCA 3HAYHOK AECTPyK-
BMCOKMM PU3MKOM KOHTaMiHauii paHu

cTaHamu,
Liet0  TKaHWH,

INTRODUCTION

Blast and burn injuries are severe conditions
characterized by extensive tissue destruction and
a high risk of wound contamination, which may lead

3 nopanbluMM PO3BMTKOM YCKMNagHeHb NonimMikpobHOro
reHesy. MNauieHTV 3 TaKUMU YLLKOXKEHHSIMUW YacTo noTpe-
OytoTb TPUBASIOrO IHTEHCUBHOTIO NiKyBaHHA Ta iHBa3WBHOT
NiATPUMKM (LUTyYHa BEHTUNSALIA NereHb, BUKOPUCTaHHS
KaTeTepiB), WO MNiABULLYE PU3NK PO3BUTKY BHYTPILLHBO-
nikapHaHMX iHdekuin i cencucy. BubyxoBi nopaHeHHs
NOEAHYIOTb MEXaHIYHE YLLIKOMXKEHHS TKaHWH i3 MaCMBHUM
3abpygHEHHSIM  I'PYHTOM, MUIIOM, LIEMEHTOM, BKIHO-
Yyarun HasABHICTb IHOPOAHMX Tin. Taki yMOBM CNpUsIOTb
pO3BUTKY MOMIMIKPOOHOT iHEKLiT Ta BUKNUKAOTb XPOHi-
3auito npouecy. Kpim Toro, Taki nOpaHeHHs CynpoBOLXKY-
I0TbCS1 OMIKOBOI XBOpO6GOot0. Lle, B CBOKO 4Yepry, npun3Bo-
OWTb A0 NopyLueHHA 6ap’epHOi yHKUIT LWKipK, micLeBoil
i CUCTEMHOT iIMyHOAUCDYHKLIT Ta 3MiHK hbapMaKoKiHETUKK
aHTMbakTepianbHUX npenapatiB  (30inbleHHA 06’emy
po3noginy npenapariB i NPUCKOPEHHS iX KnipeHcy). Yci
Li dpakTopu NiABULLYIOTb PU3KK iIHDIKYBaAHHA Ta CNPUSAIOTb
BMHWKHEHHIO yCKknagaHeHsb [1, 2, 3].

B ymoBax noBHomacLLTabHMx 60MOBUX Aii B MeOUYHNX
cTauioHapax BWHMKae npobrnema MacoBOro Haaxo-
[PKEHHS1 MoCTpaXaanux BIiICbKOBMX Ta LMBINbHMX OCIO
3 BUOYXOBMMU MOPaHEHHAMU Ta OMiKOBUMW XBopobamu,
LLIO NPM3BOANTbL A0 NEPEBaHTAXEHHS] MEAUYHNX 3aKnagiB
i CpPUSIE MOLUMPEHHIO BHYTPILWHBLOMIKAPHAHMX HAEKLiN
(BNl) ta aHTMbioTMKOPE3NCTEHTHNUX WTamie [4, 5].
Ocob6nvBe 3aHENoKOeEHHs1 BUKNMKae P.  aeruginosa,

to complications of polymicrobial origin. Patients with
such injuries often require prolonged intensive care and
invasive procedures (such as mechanical ventilation
and the use of catheters), which further increase the
risk of nosocomial infections and sepsis. Explosive
injuries combine mechanical tissue damage with massive
contamination by soil, dust, and cement, including the
presence of foreign bodies. These factors promote the
development of polymicrobial infections and contribute
to the chronic course of the wound process. In addition,
such injuries are frequently accompanied by burn disease.
This, in turn, leads to a violation of the barrier function
of the skin, local and systemic immunodysfunction
and a change in the pharmacokinetics of antibacterial
drugs (increasing the volume of distribution of drugs
and accelerating their clearance). Altogether, these
factors heighten the risk of infection and the likelihood
of complications [1, 2, 3].

Under conditions of full-scale hostilities, medical
facilities face the challenge of mass admission of wounded
military personnel and civilians with blast injuries and burn
disease. This situation leads to the overload of healthcare
institutions and contributes to the spread of healthcare-
associated infections (HAIs) and antibiotic-resistant
strains [4, 5]. Of particular concern is P. aeruginosa,
which is one of the main causative agents of infectious

OpuwuriHanbHi gocnigpKeHHs

941

Original research


https://doi.org/10.26565/2313-6693-2025-57-01
mailto:ov.kochnieva@knmu.edu.ua

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2025. T. 33 Ne 6(57). C. 940-952
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(6(57)):940-952

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

K  OCHOBHWM  30YAHWK  iH(PEKUiMHMX  yCKnagHEeHb,
LLIO BUHMKAOTb Ha OOHI BUOYXOBUX MOpaHEHb Ta OMikoBOT
XBopobu. 3a gaHMMu JocnigHUKIB, 30yOHWK BUAINSETLCS
mamke y 15 % Bunagkis, nos’sa3aHnx 3 60MOBMMU TpaB-
mamu. Llen natoreH mae Wwmpokuin apceHan akTopis
BIDYMEHTHOCTI Ta BMWCOKMIM MOTeHuian Ans HabyTTsa
MHOXWHHOT pe3NCTEHTHOCTI [6].

P. aeruginosa — aepobHWI rpamHeraTUBHUN MiKpO-
OpraHiam, BiZOMMWI 3A4aTHICTIO yTBOptoBaTU GionmiBky,
cekpetyBatu ek3oTokcuHn (ExoS, ExoU, ExoT) Ta nposie-
NATW Pi3HI MexaHi3aMyn aHTUBIOTMKOPE3NCTEHTHOCTI [7].
P. aeruginosa 3anuwaeTbcs 0gHUM 3 NPOBIAHMX 30yaHMKIB
paHoBOI Ta BHYTPILLUHBLOMIKAPHAHOI iHPEKLi Y TSXKOMNO-
paHeHMX Ta OMIKOBUX XBOPWUX. YCKNaAHEHHS, BUKIMKaAHI
[aHoto bakTepieto, CynpOBOMKYOTLCS TSXKKUM nepebirom
i CTBOPIOKOTb 3HAYHWI PU3MK fieTanbHOro Hacnigky [8].

[ocnigXeHHs nokasyoTb, WO P. aeruginosa yTBOpHOE
CTiNKi BioNNiBKOBI CTPYKTYPW Ha MOBEPXHi paH, Aki nepe-
LLUKOOKaKOTb 3aroeHHIo, MiATPMMYOTb 3ananbHy peakuito
Ta 3YMOBMIOKOTb XPOHIYHWMI nepebir iHdekuii. B xopgi
pocnigkeHb Oyno BUSIBNEHO, WO OCHOBHWM YMHHWUKOM
LbOro sBULA € NpoayKuid pamMHoninigis wramamm
P. aeruginosa, siKi BNNBalTb Ha NPOLEC 3aroeHHs paH
Ta BUKMMKaKTb PO3BUTOK yCknagHeHb [9].

OcrTaHHi ornsav Ta perioHanbHi AOCNIMKEeHHS] AEMOH-
CTPYIOTb MOLUMPEHHS CTIMKUX [0 aHTUOIOTWKIB LiTamiB
P. aeruginosa, siki xapakTepuayTbcs MHOXUHHOK (MDR)
abo HaBiTb ekcTpemanbHol (XDR) pesucTeHTHICTIO.
MDR-wtamu cTiiki Jo 6aratbox 6a3oBUX aHTUOIOTUKIB,
Toai sk XDR-wTamu CTiriki npakTMYHO A0 BCiX aHTubak-
TepianbHUX npenaparis, BKMYaoyM pesepsHi. Lle crae
NpUYMHOLO Aye obmexeHoro Bubopy ans tepanii [10].

3a paHumu gocnigHukiB P aeruginosa mae Jekinbka
MeXaHi3MiB  aHTUBIOTMKOPE3UCTEHTHOCTI. BusHavyaTb
FEHETUYHyY CTIVKICTb 4O LUMPOKOro CneKkTpa aHTubioTuKiB
(BkMOYaOYM amiHorniko3nam, PTOPXiHONMOHM Ta [-nak-
Tamu) Ta HabyTy abo aganTuBHY pe3ncTeHTHiCTb [11, 12].

CrinkicTe, BMKNMKaHa MyTauigsmm y P. aeruginosa
€ CKMagHUM SIBULLEM, LLIO BKMOYAE Pi3HI MexaHiamu, ki
3abe3nevytoTb GakTepisM 34aTHICTb NMPOTUCTOATU aHTU-
MiKpOOGHVMM npenapatam. Lli myTauii 3adinatotTb Kno4oBi
NPOLECU XUTTEAIANBHOCTI MiKPOOPraHi3miB, LLO NPuU3BO-
OWTb OO KiNbKOX MexaHiaMiB cTinkocTi [13]. 36inblieHHs
yactoTu MmyTauim y P aeruginosa moxe npu3BoauTu
[0 nocuneHoi npoaykuii B-naktamas — epMeHTiB, sKi
MOXYTb po3LenstoBati [B-naktamHi aHTubiotmkun. Kpim
TOro, MyTauii MOXYTb CIPUYNHATY HALEKCNPECito eddriok-
CHUX HacociB, Takmx 9k MexCD-Oprd, siki akTMBHO BMaa-
NATb aHTUBIOTUKN 3 BakTepianbHUX KNITUH, 3HUXKYYM
edekTnBHiCTb  npenapatiB.  OCHOBHUIN  MEXaHi3M,
WO 3YMOBIIOE CTiMKiICTb [0 [B-NakTamiB, sika cnpuyu-
HeHa MyTauisiMy, 4acTo BKIOYae HagnpoayKLilo XpoMo-
COMHOI UedanocnopiHasu, BigoMoi sk ampC. Y npoueci
6epyTb yyacTb YMCIEHHI PerynaTopHi reHn, siki NoB’A3aHi
i3 pisHMMK WNAXamu, BiANOBIAANBHUMU 3a PELIMPKYIALL0
KOMMOHEHTIB KMNiTUHHOT CTiHKK [14].

[opu3oHTanbHWIA ~ OOMIH  FeHETUYHUM  MaTepi-
anomM € BaXMUBMM KOMMOHEHTOM afanTWMBHOI CTin-
KocTi P. aeruginosa, Wwo [O03BONsie GakTepiam LWBUMAKO
3MiHIOBaTK CBIill NpPOQifib PE3NCTEHTHOCTI A0 aHTubak-
TepianbHux npenapaTie. Lla ocobnueicTb ago3sonse
MikpoopraHiamam KopuryBatu CBill MpOQinb CTiNKOCTI,
LLIO YCKMNaAHIOE KNacuyHy cTpaTerito nikyBaHHA. [eHeTUYHI

complications arising from blast injuries and burn injuries.
According to researchers, this pathogen is isolated
in almost 15 % of cases associated with combat-related
injuries. It possesses a wide arsenal of virulence factors
and a high capacity for acquiring multidrug resistance [6].

P.  aeruginosa is an aerobic Gram-negative
microorganism known for its ability to form biofilms,
secrete exotoxins (ExoS, ExoU, ExoT), and exhibit various
mechanisms of antibiotic resistance [7]. P. aeruginosa
remains one of the leading pathogens of wound and
nosocomial infections in severely wounded and burn
patients. Complications caused by this bacterium are
accompanied by a severe course and pose a significant
risk of fatal outcome [8].

Studies have shown that P. aeruginosa forms stable
biofilm structures on the surface of wounds that prevent
healing, supportthe inflammatory response, and determine
the chronic course of infection. During the studies, it was
found that the main factor of this phenomenon is the
production of rhamnolipids by P. aeruginosa strains
which affect the wound healing process and cause the
development of complications [9].

Recent reviews and regional studies demonstrate
the spread of antibiotic-resistant P. aeruginosa strains
characterized by multidrug (MDR) or even extensively
drug-resistant (XDR) phenotypes. MDR strains are
resistant to many first-line antibiotics, while XDR strains
are resistant to almost all antibacterial agents, including
reserve drugs. This results in a very limited range
of therapeutic options [10].

According to researchers, P. aeruginosa possesses
several mechanisms of antibiotic resistance. Both intrinsic
genetic resistance to a broad spectrum of antibiotics
(including  aminoglycosides, fluoroquinolones, and
B-lactams) and acquired or adaptive resistance have
been identified [11, 12].

Resistance caused by mutations in P. aeruginosa
is a complex phenomenon involving various
mechanisms that provide bacteria with the ability
to resist antimicrobial drugs. These mutations affect key
life processes of microorganisms, leading to several
mechanisms of resistance [13]. An increased mutation
rate in P. aeruginosa can enhance the production
of [B-lactamases-enzymes capable of hydrolyzing
B-lactam antibiotics. In addition, mutations may cause
overexpression of efflux pumps, such as MexCD-OprJ,
which actively expel antibiotics from bacterial cells,
thereby reducing drug efficacy. The main mechanism
underlying B-lactam resistance caused by mutations
often involves overproduction of the chromosomal
cephalosporinase known as AmpC. Numerous regulatory
genes are involved in the process, which are associated
with various pathways responsible for the recycling of cell
wall components [14].

Horizontal exchange of genetic material is an important
component of P. aeruginosa’s adaptive resistance,
allowing bacteria to rapidly change their resistance profile
to antibacterial drugs. This feature allows microorganisms
to adjust their resistance profile, which complicates
the classic treatment strategy. Genetic determinants
of antimicrobial resistance may be contained on mobile
elements such as plasmids, transposons, integrons, and
prophages [15]. Resistance genes can be transferred
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AeTepMiHaHTU aHTUMIKPOBHOT PE3NCTEHTHOCTI MOXYTb
MICTUTMCS Ha MOBINBbHNX enemMeHTax, Takux sk nnasmigu,
TPaHCMO30HU, iHTErpoHn Ta npodarn [15]. NeHn pesunc-
TEHTHOCTI MOXYTb nepegasatuca Jo P aeruginosa
LUMISIXOM  FOPU3OHTANbHOIO MEPEHECEHHST Bif,  Pi3HMX
[OOHOPIB — 5K (DINOreHeTUYHO CropiaHeHnX, Tak i Janekmx
BMAiB BakTepin.

IHTErpoHu, siki € reHETUYHUMU eNeMeHTaMMU, LLLO cneLi-
anisyloTbCs Ha BCTaBLi MOBINbHUX reHHUX KaceT 3a JorMno-
MOrO canT-cneundivHoi pekombiHauii, Habynu Baxnu-
BOrO 3HaY€HHS y MOLUMPEHHi CTIMKOCTI A0 aHTMOBioTuKIB
y nonynsauiax P. aeruginosa. Lli iHTerpoHu € cxosuiamm
ONS LUMPOKOro CrnekTpa AeTepMiHaHT CTIMKOCTI 40 aHTu-
GioTukiB. MexaHiaMM rOpU3OHTANbHOIO MNEPEeHEeCeHHs!
reHiB TakoX BKIOYalTb TpaHcdopMaLio, TpaHcOyKuio
Ta KoH'torauito [16].

3okpema, y P. aeruginosa BUSIBNEHO Pi3Hi reHn meTa-
no-B-naktama3 (MBL), wo kopyloTb depmeHTH, 3aaTHi
rigponiayBatv LUMPOKMIN CMEKTp B-NnakTaMHUX aHTubi-
otukis. Cepep 3HamgeHux reHiB 3ycTpiyalTbCs Taki,
sk IMP (imineHemasa — doepMeHT, skuii rigponisye kapba-
neHemy Ta iHWi B-naktamu), VIM (iHTerpoH-zanexHa
MeTano-f-nakramasa, akTMBHa NpoTK LLUMPOKOro CnekTpa
B-naktamis), SPM (meTano-B-naktamasa, gka rigponisye
kapbaneHemun), GIM (imineHemasa — rigponisye kapbane-
Hemn), NDM (meTano-fB-naktamasa — rigponisye mamxe
Bci B-naktamu) Ta FIM (pigkicHa mertano-B-nakramasa,
BUsiIBNeHa B ITanii, akTmBHa npotu kapbaneHemis). Taki
LWUTaMM MOLUMPEHi ceped MauieHTiB OMiKOBMX, peaHima-
LiNHWX, XipypriYHMX BigAineHb maimke Yy BCbOMY CBITI
(Adpuka, €spona, Asia, bnusbkun Cxig) [17]. OTxe,
B3aEMOAiS PI3HMX MexaHi3MiB aHTUBIOTUKOPE3NCTEHT-
HOCTI cnpusie popMyBaHHIO LUITaMiB 3 MHOXWUHHOIO fikap-
CbKOK CTIiMKICTIO, O CTAHOBUTb CEPWO3HY 3arposy Ans
CUCTEMM OXOPOHM 3[0POB’S.

Brnpopgoex Bcboro nepiogy 6GornoBux Aii B YkpaiHi
cnocrepiraeTbCs 30iMbLUEHHST YacTKM rpaMHeraTMBHUX
HO30KOMiaslbHUX i30MNSATIB cepen THKKONOPaHEHUX XBOPUX
i BMCOKa uYacTka aHTUBIOTUKOPE3NCTEHTHUX LITaMiB,
WO BigoOpaXeHo B YKPAiHCbKMX KYMYMATMBHUX aHTW-
biorpamax Ta 3BiTax MiCLEBUX KNiHIYHUX LeHTpiB [18].
MixHapogHi yctaHosn (CDC, WHONET) nocrTinHo 3Bep-
TalTb yBary Ha noTpeby NOCUIeHoI AiarHOCTUKN aHTunbio-
TUKOPE3UCTEHTHUX LUTaMiB Ta NPOBEAEHHS 3aX0AiB 040
NPOMINakTUKM Ta KOHTPOSO iHEKUINHNX 3axBoptoBaHb
y perioHax koHdnikTy [19].

TakMM YMHOM, PO3YMIHHSA LUX CKIagHMX MexaHi3miB
Mae BaXnvBe 3HaYeHHA Ans po3po6KM iHHOBALiMHMX
METOAIB NiKyBaHHs, AKi 3MOXYTb edekTMBHO GopoTucs
3 iHbekuiamn, nos’a3aHummn 3 P. aeruginosa Ta ycknaga-
HEHHSIMU, SIKi BOHW BUKIMKAIOTb.

MeTa po60oTH — BU3HAYEHHS CKNaay MikpoGioMy paHo-
BOrO BMICTY Bif MauieHTiB, Ski oTpyManu BubyxoBi nopa-
HeHHs Ta onikoBy XxBopoby. [MpoBeaeHHs aHanidy piBHiB
AHTUBIOTMKOYYTIMBOCTI  BUINYYEHUX  KNiHIYHMX  i30MATIB
Ta BcTaHoOBreHHs YacToTu BuagineHHss MDR ta XDR-wtamiB
P. aeruginosa, cepep, BUaineHux 30yaHNKIB.

MATEPIAAU TA METOAU AOCAIAXEHHSA
Min yac npoBefdeHHA aHanisy niTepaTypHUX mxepen

Oyrno po3rnsiHyTO Ta CUCTEMaTU30BaHO HayKoBi My6ni-
Kauii 3a nepiog 2020-2025 pp. HaykoBi po©oTu 3HanaeHi

to P. aeruginosa by horizontal transfer from different —
donors of both phylogenetically related and distant
bacterial species.

Integrons, which are genetic elements specialized
in inserting mobile gene cassettes via site-specific
recombination, have gained importance in the spread
of antibiotic resistance within P. aeruginosa populations.
These integrons serve as reservoirs for a wide range
of antibiotic resistance determinants. Mechanisms
of horizontal gene transfer also include transformation,
transduction, and conjugation [16].

In particular, various metallo-B-lactamase (MBL)
genes have been identified in P. aeruginosa, which
encode enzymes capable of hydrolyzing a broad
spectrum of B-lactam antibiotics. Among the detected
genes are IMP (imipenemase — an enzyme that
hydrolyzes carbapenems and other B-lactams), VIM (an
integron-encoded metallo-B-lactamase active against
a wide range of B-lactams), SPM (a metallo-B-lactamase
that hydrolyzes carbapenems), GIM (an imipenemase
that hydrolyzes carbapenems), NDM (a metallo-B-
lactamase that hydrolyzes nearly all B-lactams), and
FIM (a rare metallo-B-lactamase first identified in Italy,
active against carbapenems). Such strains are prevalent
among patients in burn units, intensive care, and surgical
departments worldwide (Africa, Europe, Asia, and the
Middle East) [17].

Throughout the period of hostilittes in Ukraine,
an increase in the proportion of gram-negative nosocomial
isolates has been observed among severely wounded
patients, along with a high proportion of antibiotic-resistant
strains, as reflected in Ukrainian cumulative antibiograms
and reports from local clinical centers [18]. International
institutions (CDC, WHONET) consistently emphasize the
need for enhanced diagnostics of antibiotic-resistant strains
and the implementation of measures for the prevention and
control of infectious diseases in conflict regions [19].

Thus, understanding these complex mechanisms
is important for developing innovative treatment methods
that can effectively combat infections associated with
P. aeruginosa and the complications it causes.

Objective — the aim of the study was to determine
the composition of the wound microbiome in patients who
sustained blast injuries and burn disease, to analyze the
levels of antibiotic susceptibility of the isolated clinical
strains, and to establish the frequency of detection
of MDR and XDR Pseudomonas aeruginosa among the
identified pathogens.

MATERIALS AND METHODS OF RESEARCH

Understanding these complex mechanismsis essential
to develop innovative therapies that can effectively
combat infections associated with P. aeruginosa and the
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B PubMed/PMC, Scopus, Web of Science, xypHanbHux
apxiBax, ogiLinHunx pecypcax BOO3, LieHTpiB 3 KOHTpoOrito
Ta npodinakTukm 3axsoptoBaHb (CDC, CLUA) ta MiHic-
TepcTBa OXOpPOHM 37dopoB’st Ykpaiin (MO3B  Ykpainu).
Mpwn pocnimpkeHHi maTtepianiB BUKOPUCTaHI Taki KIHOYOBI
cnoBa: «blast injury / BuByxoBi paHu», «burns / onikuy,
«wound infection / paHoBa iHdekKuUisy», «Pseudomonas
aeruginosa», «nosocomial infection / HAl», «antimicrobial
resistance». Takox y poboTy Oyno BKIOYEHO CUCTEMHI
ornaan,  NPOCNEKTVBHI/PETPOCNEKTVBHI  OOCHIMKEHHS,
HacTaHOBW Ta MicLEeBi 3BiTU (30kpeMa BiT4n3HsHI) [20, 21].
Y pesynbrati MikpobionoriyHoro gocnimkeHHs Oyno
ineHTudikoBaHO Ta pocnimpkeHo 32 rocnitanbHi WTamu
P. aeruginosa, BugineHi 3 matepiany Big nauieHTiB, rocni-
TanioBaHUx i3 BMOYXOBMMW MOPAHEHHSMW Ta OMiKOBO
XBOpPOO6OH0. 130MAL;t0 LWTaMiB NPOBOAUM 3 PAHOBOTO BigO-
KpemnoBaHoro naujeHTiB. PoboTta BukoHyBanacb Ha 6asi
3aknagy, Skun 6epe y4acTb Y MeanyHii 4ONOMO3i BilCbKO-
BOCNYX60BLAM Ta LIMBIMIbHUM MOPaHEHNM, i OXONIoBano
YacoBur npomikok 3 2024 no 2025 pik. [Jo OCHOBHMUX
KpuTepiiB BigbOpy Hanexanu: nopaHeHHs navjieHTa, HasB-
HICTb BMOYXOBOi TpaBMM YM OMiKOBOI XBOPOOU, OTPUMAHUX
yHacnigok 6onoBux din, a TakoX pesynbsratv Mikpobiono-
rYHOro OOCNIMKEHHA paHu, SKi CBIAYMNM NPO HasiBHICTb
abo nigo3py Ha iHEKLinHNIA NPOLLEC 3riAHO 3 BHYTPILLHIMK
HOpMaTVBaMU MOTOXEHHSAMM 3aKnagy.
3abip maTepiany 3gificHoBanM B ymoOBax onepa-
uirHoi abo nepeB’sA3yBanbHOI  Micnsi  nonepeaHbol
aHTMCENTUYHOI OBpPOGKM KpaiB paHuM Y NPOMMBAHHS
ekcygaty  @igionoriyHum  posdmHoM.  OTpumaHun
3pa3ok Biabupanu CTepurbHMM TammnoHOM, MOMillanu
B CTEPWUNbHUIA LYKPOBMI OynbiOH i TpaHcrnopTyBanu
0o nabopatopii He Mi3Hille Hibk Yyepes ABi roavHW nicns
3abopy. MikpobGionoriyHi  gocnimpkeHHs  NPOBOAMM
srigHo EUCAST (Eurepean Committee on Antimicrobial
Susceptibility Testing) B pesynbrati 4oro Oyno igeHTu-
dikoBaHo 32 wTamn P. aeruginosa [22]. MpurotyBaHHs
CyCneH3ii MikpoopraHi3amiB i3 BM3HA4YE€HOK KOHLIEeHTpa-
Lieto MiKpoOHUX KITiITUH NPOBOAMMAM 32 AOMOMOrO enek-
TpoHHoro npunagy Denci-La-Meter (PLIVA-Lachema)
3a wkarnoto Mc Farland 3rigHo 3 iHCTpyKUieto Ao npunagy.
YyTnmeicTb wTamiB [0  aHTMBIOTMKIB  BU3HaYamu
aucko-gndysinHum - metogom  (OAM) Ha cepemoBuLLi
Mtionnepa-XiHTOHa 3 BUKOPUCTaHHSIM TFOTOBUX KOMEpP-
LiHMXx ceptudikoBaHnx auckis (HiMedia, IHgis) Bigno-
BIOHO OO YMHHMX HOPMATUBHWUX OOKyMeHTiB [22]. LUtamun
P, aeruginosa knacudgikysanu sik MDR a6o XDR BignosigHo
no kputepiie ECDC/CDC 3anexHo Big KinbKOCTi Kracis
AHTUMIKPOOHWMX 3ac06iB, 4O AKUX BOHW BUSABMSANM CTIMKICTb.
OTpuMaHi  pesynstati  gocnigkeHb  06pobneHo
METOAOM  BapiauiiHOI  CTaTUCTMKM  3a  [ONOMOrOH
nporpamn MS Excel 2010 Biostat 3 po3paxyHKoM cTaH-
[apTHOT NMOXMOKM YacTkn (sp). Pi3Hnuto BiZHOCHMX MOKa3-
HUWKIB OLiHIOBanu 3a kputepiem x2. Pe3ynetaTu BBaXanu
BIpOrigHMMM, AKWO piBeHb 3Hadywocti 6y 95 %
(p < 0,05), WO NpURHATO Npu ouiHLi pe3yneratiB Giono-
riYHMX gocnigxeHbs [23].

PE3YABTATU
Ona pgocarHeHHA mMeTu AaHoi poboTy OBCTEXEHHs

NPOBOAMNOCL cepen MNopaHeHux B nepuli 2 gobu nicns
rocnitanizauii. bBinbWwicTb nauieHTIiB  Manu  03HaKu

complications they cause for 2020 to 2025 years, Scientific
works have been found from PubMed/PMC, Scopus,
Web of Science, journal archives, and official resources
of the World Health Organization (WHO), the Centers for
Disease Control and Prevention (CDC, USA), and the
Ministry of Health of Ukraine. The following keywords
were used in the search: «blast injury,» «burns,» «wound
infection,» «Pseudomonas aeruginosa,» «nosocomial
infection / HAIl,» and «antimicrobial resistance.» The
review also included systematic reviews, prospective
and retrospective studies, clinical guidelines, and local
(including national) reports [20, 21].

Atotal of 32 hospital isolates of P. aeruginosa obtained
from wound specimens of patients hospitalized with blast
injuries and burn disease were identified and studied. The
isolates were obtained from wound exudates of patients
treated at a medical facility providing care to military
personnel and civilians injured in combat conditions
during the period 2024—-2025.

The main selection criteria included: injury to the
patient, the presence of an explosive injury or burn disease
obtained as a result of hostilities, as well as the results
of a microbiological examination of the wound, which
indicated the presence or suspicion of an infectious process
in accordance with the internal regulations of the institution.

Material collection was carried out under operating
or dressing conditions after preliminary antiseptic
treatment of wound edges or washing of exudate
with saline solution. The resulting sample was taken
with a sterile swab, placed in sterile sugar broth and
transported to the laboratory no later than two hours
after collection. Microbiological investigations were
performed according to EUCAST (European Committee
on Antimicrobial Susceptibility Testing) guidelines [22].
As a result, 32 P. aeruginosa strains were identified.

Microbial suspensions with standardized cell
concentrations were prepared using a Denci-La-Meter
(PLIVA-Lachema) according to the McFarland scale,
following the manufacturer’'s instructions. Antibiotic
susceptibility of the isolates was determined by the
disk diffusion method (DDM) on Mueller—Hinton agar
using commercially available certified antibiotic disks
(HiMedia, India) in accordance with current regulatory
documents [22].

The P. aeruginosa strains were classified as MDR
or XDR according to ECDC/CDC criteria, based on the
number of antimicrobial classes to which they exhibited
resistance.

The obtained results were analyzed using descriptive
and variation statistics in MS Excel 2010 and Biostat
software, with calculation of the standard error
of proportion (s,). The difference in relative measures
was evaluated according to the x? (chi-square) test were
considered statistically significant at a confidence level
of 95 % (p < 0.05), as commonly accepted in biological
research [23].

RESULTS

To achieve the aim of this study, examinations
were conducted among patients within the first 2 days
after hospitalization. Most patients exhibited signs
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rHiNHO-3anarnbHWX
onikoBoi XBOpooOMU.

BcraHoBneHo, wo y 47 % BunagkiB eTionoriyHnm
dakTopom paHOBOi iHdeKuii Oynu  rpamMno3vTUBHI
bakTepii: 3 HUx 42,0 % — crtadinokokn, a 5 % — ctpen-
TOKOKW. [pamHeraTvBHI BGakTepii y XBOopux 3ycTpivyanuncs
B 53 % Bunagkax. Cepen HUX 3HAYHY YacTKy ckraganu
K. pneumoniae (13,0 %), E. coli (6,4 %), Proteus spp.
(9,3 %) Ta P. aeruginosa (11 %). MNMutoma Bara iHWWMX
6akTepin (Enterobacter spp, Citrobacter freundii, Bacillus
spp, Acinetobacter spp) Gyna 3Ha4yHa MEHLUOM, iX Kiflb-
KicTb cknagana 3—4,5 % (pwuc. 1).

npoueciB  KiHUIBOK Ta  O3Haku

of purulent-inflammatory processes in the extremities
as well as indications of burn disease.

It was found that in 47 % of cases, the etiological
agents of wound infection were Gram-positive bacteria:
among them, 42.0 % were Staphylococcus spp., and
5 % were Streptococcus spp. Gram-negative bacteria
were identified in 53 % of the patients. Among these,
asignificant proportion consisted of Klebsiella pneumoniae
(13.0 %), Escherichia coli (6.4 %), Proteus spp. (9.3 %),
and Pseudomonas aeruginosa (11 %). The prevalence
of other bacteria (Enterobacter spp., Citrobacter freundii,
Bacillus spp., Acinetobacter spp.) was considerably
lower, ranging from 3 % to 4.5 % (Fig. 1).

Acinetobacter spp;
\

® Bacillus sp.;3,00% _

= Citrobacter freundii; ____
3,00% -
= Enterobacterspp;
4,50%

f;i-
+  Pseudomonas /

aeruginosa; 11,00%/

i
|

= Proteus spp;9,3

® Escherichiaco
6,40%

3,00%

Poznogin 6aktepiit (%)
Bacteria distribution (%)

hylococcus
;41,80%

=P8treptococcus spp;
5,00%

Pwuc.1. Po3nogin 6aktepiii ( %), BUAINEHNX Bi XBOPYX 3 PaHOBOIO iH(EKLIiED
Fig. 1. Distribution of bacteria ( %) isolated from patients with wound infections

AHanisytoun MikpobioLMHO3 paHOBOrO BMICTY crif
3a3Ha4YUTK, WO rpamHeraTMBHa Mikpodriopa He3Ha4yHO
nepeeaxana Hag rpamnosmTuBHol. Cepen eHTepo-
GakTepii AOMiHyBanM Taki OMOPTYHICTUYHI MaToOreHn, K
K. pneumoniae T1a P. aeruginosa (11-13 %). Y mMeHLin
Mipi 6ynu BugineHi E. coli, Proteus spp., Enterobacter
spp. Ta Citrobacter freundii (3-9 %). Cepea rpamnosu-
TUBHUX NPeACTaBHMKIB NPOBigHA pornb Hanexana cradi-
NOoKOKaMm, WO NigBuLLYyE MMOBIpHICTb HasBHoOCTi MRSA-
WwTamis, TOMy Liel hakTop cnig BpaxoByBaTu npu BUOOPI
emnipuyHoi Tepanii.

TakvM YMHOM, eTionoriyHa CTPyKTypa paHOBOI iHDeKL,i
npeacraBneHa aMiLlaHoo Mikpoopoto 3 NepeBaxXaHHAM
rpamMHeraTMBHMX MikpoopraHiamiB. OCHOBHUMM €TiONOriy-
HMU YMHHMKamu 3anuwatoTteca Staphylococcus spp.,
K. pneumoniae Ta P. aeruginosa.

OCHOBHVMMW ~ €TIONOMYHUMUN  YMHHWKaMK  3anuiia-
totbc  Staphylococcus spp., Klebsiella pneumoniae
Ta Pseudomonas aeruginosa.

AHTMOGIOTUKOTEpPania N Hagani € 6a3oBUM Nigxooom
Yy NiKyBaHHi CMHBOTHIHOI iHGbeKLUiT, ane CTpiMKe 3pOCTaHHs
aHTMbioTMKOpesucTeHTHOCTi P aeruginosa  iCTOTHO
obmexye TepaneBTUYHWMM BUBIp aHTMbakTepianbHUX
3acobiB. AHani3 nitepaTypHUX AaHuX i pedynsTaTy Halmx
JocnigkeHb NPOAEMOHCTPYBanu BiACYTHICTb aHTMGio-
TUKIB, 4O SKMX YyTnuBicTb cTaHoBuna 6 100 % [24, 25].

Analyzing the microbiocenosis of wound exudates,
it should be noted that Gram-negative microflora slightly
predominated over Gram-positive bacteria. Among the
Enterobacteriaceae, opportunistic pathogens such as K.
pneumoniae and P. aeruginosa (11-13 %) were dominant.
To a lesser extent, E. coli, Proteus spp., Enterobacter
spp. and Citrobacter freundii (3-9 %) were isolated.
Among Gram-positive bacteria, Staphylococcus spp.
played a leading role, increasing the likelihood of the
presence of MRSA strains; therefore, this factor should
be considered when selecting empirical therapy.

Thus, the etiological structure of wound infections
is represented by a mixed microbiota with a predominance
of Gram-negative microorganisms. The main pathogens
remain Staphylococcus spp., K. pneumoniae, and
P. aeruginosa.

Antibiotic therapy remains the primary treatment
for P. aeruginosa infections. However, it should
be emphasized that in the context of rapidly increasing
antibiotic resistance, the arsenal of antibiotics effective
against P. aeruginosa is rapidly decreasing. Both literature
data and the results of our studying indicate the absence
of antibiotics to which 100 % of the isolated strains were
susceptible [24, 25]. The results of antibiotic susceptibility
testing are presented in Table 1.
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3a pesynbrataMu BU3HAYEHHS aHTMBIOTUKOYYTNVW-
BOCTi Bynun oTpumaHi Taki gaHi (tabn. 1).

Ta6nuus 1. MNoka3HMKM aHTMBIOTMKOYYTNIMBOCTI rocniTanbHuX WTamis P. aeruginosa (n = 32)
Table 1. Antibiotic susceptibility of hospital P. aeruginosa strains (n = 32)

YyTtnusi [MomipHo-4yTnuBI Criviki
AHTM,6i,°Tl,4KM Sus)geptible Intgrmed);ate Resistant
Antibiotic o o 5
n % + m n % £ m n % + m
Lledprasmgum / Ceftazidime 19 59,3 +6,1 13 40,7 + 6,6
edrasmagnmv/aBiabakram
ge?t;zidime/Avibactam 21 656+66 1 343248
Llecpenim / Cefepime 10 31,2+6,1 22 68,7 +6,8
ImeneHem / Imipenem 9 28,1+6,6 23 71,8+6,4
MeponeHem / Meropenem 22 68,7 £ 6,8 10 31,2+55
A3stpeoHam / Aztreonam 2 6,25+4,3 16 50,0 £ 8,8 14 43,7+5,5
AwmikaumH / Amikacin 20 62,5+6,5 12 375+5,5
LinnpodhnokcaumH / Ciprofloxacin 8 25,0+6,2 24 75,0 £ 3,1
JleBocbnokcauuH / Levofloxacin 10 31,2+6,1 22 68,7+ 6,8

HanbinbLlloo akTUBHICTIO MO BiAHOLLUEHHIO A0 AOoCKi-
DkeHnx wramiB P. aeruginosa Bonopinu uedTasngnum/
aBiabakTam, MeporneHem Ta amikauyH, YacToTa YyTrMBOCTI
0o skux cknana Big 61,9 0o 66,7 %. NomipHa akTUBHICTb
aHTWBIOTMKIB BU3Ha4Yanack Ao ninepauuniHy/Tazobakramy,
asTpeoHamy imeneHemy Ta uedenimy (Big 29-60 % wTamis
P. aeruginosa ©ynu nNOMipHO-4yTNNBMMM). HanmeHLy
aKTUBHICTb BMSBNSANM LedTasnanm, uedeniv, imeneHem,
LUMNpocbriokcaLnH Ta NieBohrioKCaLMH, YyTIMBICTb 4O LUUX
npenapariB Mawxe He B13Havanacso.

Ona oTpumaHHs 6inbll BUCOKOI iHGOPMAaTMBHOCTI
piBHS pe3nCTeHTHOCTI Ao aHTubioTukiB P. aeruginosa
6yno nogineHo Ha MDR T1a XDR-wtamu.

3a kputepiamm EUCAST cepen ycix BuaineHux
wrtamie 11,9 % BigHOCMIMCb [0 MNOMIPE3NCTEHTHNX
(MDR), a 76,5 % BusiBUNIMCA MiKpOOpraHiamu 3 po3sLum-
peHoto pesucteHTHicTio (XDR) (puc. 2).

The highest activity against the studied P. aeruginosa
strains was observed for ceftazidime/avibactam,
meropenem, and amikacin, with susceptibility rates
ranging from 61.9 % to 66.7 %. Moderate antibiotic activity
was observed for piperacillin/tazobactam, aztreonam,
imipenem, and cefepime, with 29-60 % of P. aeruginosa
strains being intermediately susceptible. The lowest
activity was observed for ceftazidime, cefepime,
imipenem, ciprofloxacin, and levofloxacin, with almost
no susceptibility detected.

To obtain a more informative assessment
of P. aeruginosa antibiotic resistance, the strains were
classified as MDR and XDR. According to EUCAST
criteria, 11.9 % of all isolated strains were multidrug-
resistant (MDR), while 76.5 % were extensively drug-
resistant (XDR) microorganisms (Fig. 2).

A

B

Puc. 2. Monipe3ucteHTHi wtamu P. aeruginosa (A. — MDR, B. — XDR)
Fig. 2. Multidrug-resistant P. aeruginosa strains (A — MDR, B — XDR)

OTpvMaHi JdaHi cBigyaTb NpoO  BWUCOKUWA  PiBEHb
AHTMOIOTMKOPE3UCTEHTHOCTI  AOCMiAXYBaHMX  LUTaMiB
P. aeruginos, W0 3Ha4HO ycknagHe BUBIp edeKkTUBHOT
emnipn4Hoi Tepanii. Pe3aynsratu BKa3dyloTb Ha KPUTUYHY

The obtained data indicate a high level of antibiotic
resistance among the studied P. aeruginosa strains,
which significantly complicates the selection of effective
empirical therapy. The results indicate the critical
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BaXMMBICTb BMPOBAaKEHHS CTaHAAPTU30BaHUX CXeM
aHTMbioTMKOTepanii Ta aganTauii nikyBaHHs Nig KOHKPeT-
HOro nauieHTa.

Kpim Toro, gaHi OocnifjKeHHs BU3Ha4yaloTb BaXnu-
BICTb BMPOBaXeHHs nporpam aHTubioTukocTpareril,
Ak nepegbavaloTb pauioHanbHe Npu3HavyeHHsA aHTubio-
TUKIB, PerynsipHUn MOHITOPUHI YyTNMBOCTI Ta KOHTPONb
3a BMKOPUCTaAHHSM pe3epBHMX npenaparie. [Noganblue
MOLUMPEHHST PE3UCTEHTHMX LITaMiB MOXe MpU3BecTU
00 OOMeXeHHs1 TepaneBTUYHMX MOXIMBOCTEN i 36inb-
LLEHHS PU3NKY PO3BUTKY YCKITAAHEHb Y NaLieHTIB.

OBrOBOPEHHS

B ymoBax 6ovioBux i 36inbLUyeTbCA YacToTa noniMi-
KPOOHUXIHGEKLIiVi Ta KOHTaMiHaLiTHETMNIOBMMK CybCcTpaTamm
("pyHT, BoAa, NpogykTu kopogii). EBakyauis, 6aratoetanHe
niKyBaHHA 1 3MiHW Y JOMMSAAi (NepeBaHTaXeHICTb 3aknagis
OXOPOHM 300pOB’A) CrpusitoTb nowumpeHHio BIl Ta aHTu-
BioTMKOpe3NCTEHTHOCTI. YkpaiHcbki 3BiTM 2022-2024 pp.
OOKYMEHTYIOTb BUCOKI PiBHI rpaMHeraTMBHOI KOMOHi3auil
Ta 3pocTtaHHa MDR-wTamiB y nopaHeHux [26].

EmnipnyHa Tepania  TsKKMX  iHGEKUii  paHOBOro
reHedy noBWHHa HaldyBaTMCA Ha enigemionoriyHMX AaHUX
Ta BpaxoByBaTu HasBHiCTb MDR-wramis. pu nigospi
Ha iHdekuito, BUKNUKaHy P. Aeruginosa, pekomMeHOOBaHi
aHTUNceBOOMOHaAHI B-nakTamu (ninepauwmniy/tTazobaktam,
uedenim, meponeHem, abo HOBIlWIi KOMOiHauii, Taki sK
uedrasnamm/asidbaktam, uedTonosan/Tazobaktam)
3 ypaxyBaHHSAM TSDKKOCTI Ta (PapMakoOKIHETUYHUX 3MiH
B onikoBux naujeHTis. MNpu HaseHocTi XDR-wTamie 3acTo-
coBylOTb Ledinepokon abo kombiHauii nikiB; KonicTuH
NVLLIAETLCSt OCTaHHIM pe3epBOM, NPOTE Mae HEPOTOKCUY-
HICTb | 0OMexeHy edheKkTMBHICTb NpoTu Bionnisok [27].

OnTuMmisauia [03yBaHHA aHTUMIKPOOHMX npenaparis
€ KPUTUYHO BaXXMMBOKO MPW NiKyBaHHI MauieHTiB 3 Benu-
KMMK oOnikamW, OCKIMbKM Y HUX CnocTepiraeTbca niasu-
LWeHnn o6’eM po3noAiny Ta NPUCKOPEHWI KNipeHe mnikiB.
Lli dpisionoriynHi 3mMiHM MOXyTb NpU3BOAUTU OO HepocTaT-
HbOT KOHLeHTpaLii aHTUBIOTKKIB y TKaHMHAX, LLO NiABULLYE
pu3uK HeedEKTUBHOCTI Tepanii Ta PO3BUTKY PE3NCTEHT-
HocrTi [28].

Y Bunagkax TskKoi Gaktepiemii, npu HeobxigHOCTI
3acToCyBaHHS HTEHCMBHOI Tepanii, BUKOPUCTOBYETHCS
KombiHOBaHa aHTUbioTMKOTepanis, Hanpuknag, MoXxe
OyT\ OOUINbHUM MOEAHAHHSA aMiHormiko3naie 3 B-nakra-
mamu. Taki kKombiHauii 3abe3neyvyoTb CUHEpPriYHUN edDeKT,
Wo nigBuye ix GaKkTepuumaHy akTUBHICTb Ta 3HUKYE
MNMOBIPHICTb PO3BUTKY PE3NCTEHTHOCTI [29].

BpaxoBytoumn Ui acnektn, BaXnmBo NPOBOAUTM MOHI-
TOPWHI papMaKOKIHETUKM Y NaLieHTiB 3 onikamu Ta Kopu-
ryBaTu 4O3yBaHHSA npenapartiB BignoBigHO A0 iX iHAMBI-
ayanbHux noTtpeb. Lle go3sonsie gocartm onTuMarnbHUX
TepaneBTUYHUX KOHLEHTpauin Ta 3abesnedntn edek-
TUBHE MiKyBaHHSA iHEKLIn.

3acTtocyBaHHs MiCUEBMX METOAIB MiKyBaHHSA, TaKuX
SIK aHTUCENTUKKN, NepeB’sidyBarnbHi MaTtepianu 3i cpibnom
Ta Tepanis i3 BUKOPWUCTAHHAM HEraTMBHOMO TUCKY
(NPWT), cnpusie 3HWXeHHIO KOHLUeHTpauii 6akTepin
y paHi. Y KMiHIYHMX [JOCRiOXEeHHAX 3pocTae iHTepec
[o carotepanii, aHTUMIKPOOHMX MenTuaiB, HAHOYaCTOK,
ninocom Ta GiononimepiB Sk AOMNOBHEHHSI 40 CUCTEMHOI
Tepanii [30]. Ane Ha CbOrogHi MOKM L0 HELOCTaTHbO

importance of implementing standardized antibiotic
therapy regimens and adapting treatment to a specific
patient.

Moreover, the study highlights the importance
of implementing antibiotic stewardship programs,
which involve rational prescribing of antibiotics, regular
monitoring of susceptibility, and careful control of the use
of reserve drugs. Further accumulation of resistant strains
may lead to limited therapeutic options and an increased
risk of complications in patients.

DISCUSSION

In conditions of armed conflict, the frequency
of polymicrobial infections and contamination with atypical
substrates (soil, water, corrosion products) increases.
Evacuation, multi-stage treatment, and changes in patient
care (overcrowding in healthcare facilities) contribute
to the spread of nosocomial infections and antibiotic
resistance. Ukrainian reports from 2022—-2024 document
high levels of Gram-negative colonization and an increase
in MDR strains among injured patients [26].

Empirical therapy for severe wound infections should
be based on epidemiological data and take into account
the presence of MDR strains. In cases of suspected
P. aeruginosa infection, anti-pseudomonal B-lactams
(piperacillin/tazobactam, cefepime, meropenem,
or newer combinations such as ceftazidime/avibactam
or  ceftolozane/tazobactam) are  recommended,
considering the severity of infection and pharmacokinetic
changes in burn patients. For XDR strains, cefiderocol
or combination therapy may be used; colistin remains
a last-resort option but is nephrotoxic and has limited
efficacy against biofilms [27].

Optimizing antimicrobial dosing is critically important
in patients with extensive burns, as they exhibit increased
volume of distribution and accelerated drug clearance.
These physiological changes may result in subtherapeutic
antibiotic tissue concentrations, increasing the risk
of treatment failure and resistance development [28].

In cases of severe bacteremia requiring intensive
therapy, combination antibiotic therapy is often used,
for example, the combination of aminoglycosides with
B-lactams. Such combinations provide a synergistic
effect, enhancing bactericidal activity and reducing the
likelihood of resistance development [29].

Given these considerations, it is important to monitor
pharmacokinetics in burn patients and adjust drug
dosages according to individual needs. This allows
achieving optimal therapeutic concentrations and effective
infection management.

The wuse of local treatment methods, such
as antiseptics, silver-containing dressings, and negative
pressure wound therapy (NPWT), helps reduce bacterial
load in wounds. There is increasing interest in phage
therapy, antimicrobial peptides, nanoparticles, liposomes,
and biopolymers as adjuncts to systemic therapy [30].
However, to date, there is insufficient evidence for
widespread clinical implementation of these approaches.

Analysis of the data obtained in this study demonstrates
that P. aeruginosa strains isolated from patients with
blast injuries and burn disease were susceptible
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npoBeAEeHNX pesynsTaTtiB [AOCNiMKEHb AN LUMPLIOro
BMNPOBAXXEHHS LIMX KOMMOHEHTIB Y KMiHIYHY NPaKTUKY.

AHani3 nokasHukiB, ski OynuM Bu3HaveHi B [aHin
HayKOBIi1 POOOTI OEMOHCTPYIOTb, WO BWUAINEHI LITamMK
P. aeruginosa Bifg naujieHTiB 3 BUOYXOBUMY NOPaAHEHHSMU
Ta OniKoBOK XBOPOOOK Mamnu YyTnMBICTb A0 UedTasu-
aumy/aBiabaktamy, MeponeHemy Ta amikaluHy, YacTtoTa
YyTNUBOCTI A0 UMX aHTMGioTukiB cknana Big 61,9 % go
66,7 %. OTpuMaHi faHi y3rogXylTbCs 3 pekoMeHo-
BaHVMM HacTaHOBaMM Ta MOXYTb OyTW BMKOPUCTaHHI
SK emMnipyyHa Tepanis B KNiHIYHIN npakTuLi.

Y KOpOTKO- Ta CepedHbOCTPOKOBIA NepcnekTuBi
npobnema aHTUBIOTMKOPE3UCTEHTHOCTI Yy  NauieHTIB
3 onikamMu 1 BUOYXOBMMU MOPAHEHHSIMW 3anuiiaTu-
METbCS aKkTyanbHow. HeobXigHO BnpoBazKyBaTu MyIb-
TULEHTPOBI [OCnigKeHHA enigemionorii Ta pesynsratu
BM3Ha4YeHHs aHTmbiorpam. MpoBoanTU OUiHKY edeKTuB-
HOCTi HOBMX aHTUCenTwKiB, BakTepiodaris i aHTUBIOTKKIB
NpoTM aHTUBIOTUKOPE3NCTEHTHUX WTaMiB P. aeruginosa.
CraHgapTtu3auyBaTh NPOTOKONN iHAPEKLIMHOTO KOHTPOSO
Y KP130BKX YMOBAX, 3anyyaTtu iHBeCcTuLii B HayKoBi JOCHTi-
DKeHHs1 Ta nabopaTtopHy iHppacTpyKTypy.

BUCHOBKHU

MpoBeneHe gocnigKeHHst nokasarno, LWo npy paHoBKX
iHdeKLisaX KiNbKiCTb rpaMHEraTMBHUX i rpaMno3nTUBHUX
wramiB OGyna npakTtudyHo opHakoBo (53 % i 47 %
BignoBigHo). Bigomo, WO rpamMHeraTuBHI  Mikpoopra-
HI3MW 4YacTille acoUiloTbCH 3 TSHKKUMU iHEKLiIMHUMM
YCKMagHEHHAMW Ta XapaKTepu3yTbCa BULLOKO CTINKICTIO
0o aHTubakTepianbHMX NpenapartiB MOpiBHAHO 3 rpam-
nosnMTUBHUMK GakTepismn. PaHoBa iHdekuis, cnpuun-
HeHa rpamHeraT1BHOIO MiKpOdopot, Hepigko noTpebye
niKyBaHHSA y BiOQINeHHi iHTEHCUBHOI Tepanii, i Taki nadi-
€HTU MatoTb NIABULLEHUA PU3NK PO3BUTKY YCKMaOHEHb
i NeTanbHUX HacnigkKiB.

MuToma Bara wramiB P. aeruginosa cepep 30yaHuKiB
paHoBoi iHdekuii cknagana 11 %.

Pesynbtatn  pocnigeHHs1  aHTUOIOTUKOPE3UCTEHT-
HOCTi CBig4YaTb MPO BUCOKY BapiabenbHiCTb YyTNMUBOCTI
wramiB P. aeruginosa fo pisHnx aHTnbioTukie. HanbinbLw
edeKkTMBHMMM MpenapataMmy  3anuuarTbesa  uedTa-
3uanmv/aBiabaktam, MeponeHemM Ta amikaLmH, Wwo pobuTb
ix npenapatamu BUbopy Ans NikyBaHHA iHEKUin, cnpu-
YMHEHUX UMM 30yLHUKOM.

MpenapaTty 3 NOMIPHOIO aKTUBHICTIO, Taki siK minepa-
uuniv/Tazobaktam, a3TpeoHam, imeneHem Ta uedenim,
MOXYTb BWKOPUCTOBYBATUCb 3a HASABHOCTI YyTNUBUX
WwTamis, npote NOTpebyloTb KOHTPOSM TepaneBTUYHOro
edexTy.

Husbka edekTnBHICTb UedTasmanmy, uedenimy,
iMeneHemy, uunpodnokcauuHy Ta neBodrioKcaLuuHy
nigkpecnoe HeobXiaHICTb  PerynsapHoOro  MOHITOPUHIY
aHTMBIOTMKOYYTNNBOCTI Ta AOTPUMAHHS NPUHLMNIB paLi-
oHanbHOI aHTubioTMKoTepanii Ans 3anobiraHHA nown-
PEHHIO PE3UCTEHTHUX WTaMiB P. aeruginosa.

BcTtaHoBneHo, Wo cepen  BuAiNeHux  wTamis
P. Aeruginosa, kinekictb nomnipesmncteHtHux (MDR) ckna-
pana 11,9 %, a 76,5 % BusBMIMca MikpoopraHiamamu
3 po3wmnpeHoto pesncTeHTHicTio (XDR) To6TO CTikumu
NnpakTM4YHO [0 BCiX aHTubakTepianbHUX npenaparis,
BKITHOHAKOYM PE3EPBHI.

to ceftazidime/avibactam, meropenem, and amikacin, with
susceptibility rates ranging from 61.9 % to 66.7 %. These
findings are consistent with recommended guidelines and
may be used as empirical therapy in clinical practice.

In the short- and medium-term perspective, antibiotic
resistance in patients with burns and blast injuries
will remain a significant challenge. Implementation
of multicenter epidemiological studies and cumulative
antibiogram analysis is necessary. The evaluation of new
antiseptics, bacteriophages, and antibiotics against
resistant P. aeruginosa strains should be pursued.
Infection control protocols should be standardized in crisis
conditions, and investment in research and laboratory
infrastructure is essential.

CONCLUSIONS

The study showed that in wound infections, the
proportions of Gram-negative and Gram-positive
strains were approximately equal (53 % and 47 %,
respectively). Gram-negative microorganisms are more
often associated with severe infectious complications and
exhibit higher resistance to antibacterial agents compared
to Gram-positive bacteria. Wound infections caused
by Gram-negative flora often require intensive care, with
an increased risk of complications and mortality.

The prevalence of P. aeruginosa among wound
infection pathogens was 11 %.

Antibiotic resistance results indicate high variability
in P. aeruginosa susceptibility to different antibiotics. The
most effective agents remain ceftazidime/avibactam,
meropenem, and amikacin, making them drugs of choice
for infections caused by this pathogen.

Antibiotics with moderate activity, such as piperacillin/
tazobactam, aztreonam, imipenem, and cefepime, may
be used for susceptible strains but require monitoring
of therapeutic efficacy.

The low efficacy of ceftazidime, cefepime, imipenem,
ciprofloxacin, and levofloxacin emphasizes the need
for regular monitoring of antibiotic susceptibility and
adherence to rational antibiotic therapy principles
to prevent the spread of resistant P. aeruginosa strains.

Among the isolated P. aeruginosa strains, 11.9 %
were multidrug-resistant (MDR), and 76.5 % were
extensively drug-resistant (XDR), i.e., resistant to nearly
all antibacterial agents, including reserve drugs.

These results are important for optimizing empirical
therapy and developing clinical treatment protocols for
infections caused by this pathogen.

The need for regular regional monitoring of antibiotic
sensitivity, especially at the level of individual medical
institutions, is due to the need to develop effective local
treatment protocols.

The rapid increase in the level of antibiotic
resistance highlights the need for a personalized
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OTpuMaHi pe3ynbsTaTv MatTb BaXKvMBeE 3HAYEHHS A4S

onTumisauii eMnipuyHoi Tepanii Ta Po3pobKM KMiHIYHMX

NPOTOKONIB  FliKyBaHHS

iHbeKUin, 3yMOBMEHUX UMM

naToreHoMm.

HeobxigHiCTb  perynsapHoro perioHanbHOro  MOHITO-

PVIHIY @aHTMBIOTUKOYYTNMBOCTI, 0COBNMBO Ha PiBHi OKpEeMMX
MeOVMYHUX YCTaHOB, 3yMOBMeHa noTpeGoo B po3pobui
e eKTUBHMX NTOKanbHWUX NPOTOKONIB NiKyBaHHS.

HOCTi

CTpiMKe 3pOCTaHHsl piBHA aHTUBIOTMKOPE3UCTEHT-
NigKPecntoe HeobXigHICTb  NepcoHicikoBaHOroO

nigxogy 4o Tepanii Ta 060B’A3KOBOro BU3HAYEHHST Yy Tin-
BOCTi 30yAHUKIB y KOXXHOMY KrliHiYHOMY Bunaaky. Ocobnu-
BOrO 3Ha4eHHs ue HabyBae npw MiKyBaHHI MNaujieHTIB
i3 OOOBUMM Ta PaHOBUMM ypaxeHHsIMU. BcTaHoBneHHs
aHTMBIOTMKOYYTNIMBOCTI MIKPOOPraHi3miB y Taknx ymoBax
crpusie NiaBULLEHHIO €PEKTUBHOCTI Tepanii Ta 3HWKEHHIO
PV3UKY pELUMAMBIB i yCKNagHEHb.
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approach to therapy and mandatory determination
of the susceptibility of pathogens in each clinical case.
This becomes especially important in the treatment
of patients with combat and wound lesions. Establishing
antibiotic sensitivity of microorganisms in such conditions
contributes to increasing the effectiveness of therapy and
reducing the risk of relapses and complications.
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Limitations of the study

The study has an observational single-center design, limiting
the ability to establish causal relationships and retaining the
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Poamip i cTpykTypa Bubipkun MOXyTb BNAMBATU Ha TOYHICTb
OL|iHOK Ta y3arasnbHIBaHICTb OTPUMaHKX pe3yneTaTiB, 3Baxaroum
Ha rokanbHi 0cobnMBOCTI MapLUpyTM3aLii NauieHTiB | NPaKTUKK
aHTnbioTnkoTepanii B YkpaiHi. BusHayeHHs 4yTnmMBOCTI Mikpoop-
raHiamis NpoBOAMNN 3 BUKOPUCTaHHSM OAHOro nabopaTopHoro
meTody 6e3 PYyTUHHOIO BU3HAYEHHS MiHIMaNbHUX iHMOYHYNX
koHueHTpauin (MIK), wo morno BNAMHYTM Ha iHTepnpeTawiio
OKpeMMX MoKasHWKiB. 3acTocyBaHHsi MeTodiB Bu3HadeHHs MIK
Ta MonekynsipHo-reHeTndHmx (MJ1P) TecTiB Ana AeTekuii reHis
PE3NCTEHTHOCTI MO0 6 MiABULWMUTY TOYHICTb OLIHKM aHTUBIoTU-
KOYYTINMBOCTI, OAHaK iX LUMpOKe BnpoBagKeHHs 6yrno obmexeHe
OopraHisauiiHumMmn Ta pecypCcHMMM CKnagHoLamMm B yMOBaxX BOEH-
Horo cTtaHy. Kpim Toro, gocnigkeHHs ouiHoBano nuwe in vitro
YyTnuBICTb 6e3 aHani3y KniHiYHMX HacnigkiB aHTubakTepianbHoI
Tepanii. Ons nigTBepoXXEHHs OTPMMAaHWX BUCHOBKIB AOUIMbHI
NPOCNEKTUBHI MYMbTULEHTPOBI AOCNIMKEHHS 3 BinbLunmn BUBIp-
Kamu, WO MOEAHYIOTb BU3HaveHHs MIK, monekynspHi metoam
Ta KniHiYHy BanigaLilo pesynsraTis.

nepCI'IeKTMBM MOACABLUUX AOCAIAXKEHD

OTpvMaHi pesynsTaTi CTBOPIOIOTb OCHOBY [Afs NoAasbLlioro
BVIBYEHHS MEXaHi3aMiB (hOpMyBaHHS aHTUGIOTUKOPE3NCTEHTHOCTI
P. aeruginosa y nauieHTiB 3 paHOBMMM iHGEKLiSIMX Ta ONiKOBOKO
xBOp0o6ot0. epcnekTMBHNM HaMpPSMKOM € NPOBEAEHHs More-
KyNAPHO-TEHETUYHMX OOCMIMKEHb 3 METOH BUSBIEHHS TEHIB,
BiANOBIAanNbHUX 32 PE3NCTEHTHICTL 40 KapbaneHemiB, amiHorMi-
KO3MAiB Ta B-nakTaMHMX aHTUBIOTUKIB.

MopganbLui AOCHIMKEHHS TaKoX AOLINBbHO CNPAMYBaTh Ha OLLiHKY
edeKTUBHOCTI koMBiHaLil cy4acHUX aHTUGaKkTepianbHKUX npena-
paTiB i aHTUCUHBLOTHIMHUX GakTepiodarie, WO MoXe cTaTh
anbTepHaTMBOK TpaauUiiHin aHTMbBioTMKoTepanii. Baxnveum
3aBAaHHAM 3anMLIAETbCS CTBOPEHHSI nokanbHux 6a3 aaHux
aHTUBIOTUKOYYTNMBOCTI, SIKi JO3BOMSATb NMPOBOAUTU MOHITOPUHT
OVHaMiK1 pe3nCTEeHTHOCTI P. aeruginosa y Mexax oKpeMmx mniky-
BanbHUX 3aKnagis.

PosLwmpeHHs BUGIpK/ Ta NpoBeAEHHA MYNbTULEHTPOBMX AOCHI-
[PKeHb AafyTb 3MOry po3pobuTi edeKTUBHI perioHarnbHi MpoTo-
KOnu eMnipuyHoi aHTUGioTMKOTEpanii, NiABULLNTY e(PEKTUBHICTb
NiKyBaHHA HEKUINHWX YyCKNagHEeHb i 3HU3UTU YacTOTy BUHWUK-
HEHHS NOMIPE3NCTEHTHMX LUTaMIB.

KoHAIkT iHTepecis
ABTOpU He MatoTb KOH(NIKTY iHTEpeciB, NPO AKWIA Crif, 3asBUTH.
AOTPUMAHHS €TUMHUX HOPM
[ocnigxeHHa He NopyLlye eTUYHWUX HOPM, OCKIMbKW He nepea-
6avae NpsAMOI y4acTi NauieHTiB Ta BTPyYaHb Y iXHili CTaH 340poB’s
Ta NPOBOAMMNOCH BUKIMIOYHO Ha BUAINEHMX LUTamax.
BMKOPUCTAHHS LUTYHYHOrO iIHTEAEKTY
Yci etanu poboTun — Big KOHUeNnTyanisauii 4o diHanbHoOro pega-
ryBaHH — BUKOHaHi 6e3 3anyy4eHHs reHepaTWBHOIO LUTY4YHOro
iHTeneKTy, BUKIMIOYHO aBTOPaMM.
MepBuHHI AGHi Ta MaTepiaAm
Ona  pocnifXeHHa  BUKOpPUCTaAHO 32  fiKapHAHI  wTamu
Pseudomonas aeruginosa, BuAineHi 3 paH rocnitaniaoBaHux

naujieHTiB. 3pasku 36upanu ctepunbHo Ta 36epiranu npu +4 °C
Onsi npoBeaeHHs Mikpo6ionoriYHoOro JOCNIoKEHHS.

the accuracy of estimates and generalizability of results,
considering local features of patient routing and antibiotic
therapy practices in Ukraine. Microbial susceptibility testing
was performed using a single laboratory method without routine
determination of minimum inhibitory concentrations (MICs),
which could influence the interpretation of individual indicators.
The use of MIC determination methods and molecular-genetic
(PCR) tests for detecting resistance genes could enhance the
accuracy of antibiotic susceptibility assessment; however, their
widespread implementation was limited by organizational and
resource constraints under martial law conditions. Additionally,
the study evaluated only in vitro susceptibility without analyzing
clinical outcomes of antibacterial therapy. To confirm the
findings, prospective multicenter studies with larger samples are
warranted, combining MIC determination, molecular methods,
and clinical validation of results.

Prospects for further research

The results provide a foundation for further investigation of the
mechanisms underlying P. aeruginosa antibiotic resistance
in patients with wound infections and burn disease. A promising
area is molecular-genetic research to identify genes responsible
for resistance to carbapenems, aminoglycosides, and B-lactam
antibiotics.

Future studies should also evaluate the efficacy of combinations
of modern antibiotics and anti-Pseudomonas bacteriophages,
which may serve as alternatives to traditional antibiotic therapy.
Developing local antibiotic susceptibility databases will allow
monitoring of P. aeruginosa resistance dynamics within individual
healthcare facilities.

Expanding the sample size and conducting multicenter studies
will facilitate the development of effective regional empirical
antibiotic therapy protocols, improve the treatment of infectious
complications, and reduce the prevalence of multidrug-
resistant strains.
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IHdbopmaLis Nnpo cbiHAOHCYBAHHSA

[ocnigpkeHHs NpOBOAMIOCA 3 iHiliaTVBK aBTOPIB i He hiHaHCy-
Banocsa xoaHum gxeperom. CtarTs € parMeHTOM MraHoBOI
HayKoBoO-focnigHoi poboTn kadeapw Mikpobionorii, Bipyconorii
Ta imyHororii iM. npod. [. . MpuHboBa XapkiBCbKOro Haui-
OHanbHOro MeguyHoro YyHiBepcuteTy MiHicTepcTBa OXOpPOHM
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