Poniatovskyi V.A., Shyrobokov V.P, Vodianyk A.A., Rudneva K.L., Kharina A.V.

DOI: https://doi.org/10.32345/2664-4738.2.2025.02
YIIK: 616:579.61, 579.842.16:615.015.8:615.33:578.81

APPLICATION OF BACTERIOPHAGES AGAINST MULTIDRUG-RESISTANT STRAINS OF
KLEBSIELLA PNEUMONIAE

! Poniatovskyi V.A. https://orcid.org/0000-0002-1503-3935
! Shyrobokov V.P. https://orcid.org/0000-0003-0882-148X
"Vodianyk A.A. https://orcid.org/0000-0002-6307-2701
! Rudneva K.L. https://orcid.org/0000-0002-7834-233X
2 Kharina A.V. https://orcid.org/0000-0002-0722-6374

! Bogomolets National Medical University, Kyiv, Ukraine
2 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

v.poniatovskyi@gmail.com

Background. The emergence of antimicrobial-resistant microorganisms poses a serious global public health challenge.
Klebsiella pneumoniae is among the most common pathogens responsible for healthcare-associated infections, particularly
in critically ill patients. The prevalence of multidrug-resistant (MDR) K. pneumoniae has increased dramatically worldwide
over recent decades, presenting an urgent threat to public health. In the absence of effective treatments for severe bacterial
infections caused by antibiotic-resistant strains, bacteriophages represent a targeted and promising adjunct — and in some
cases, an alternative — to conventional therapy.

Aim: to explore the possibility of isolating bacteriophages against PDR (pan-drug resistant)/XDR (extensively drug-re-
sistant) strains of K. pneumoniae using urban wastewater samples, and to investigate the spectrum of their activity under in
vitro conditions.

Materials and Methods. Bacteriophages were isolated using the enrichment method, and their specificity was evaluated
using a modified Gratia method and the spot test. Morphological characterization of the isolated phages was performed via
electron microscopy. Antimicrobial susceptibility testing was conducted using disk diffusion and broth microdilution meth-
ods. Detection of antibiotic resistance genes (blaNDM-1, blaKPC, blaCTX-M-1, and gyrA) was performed by PCR.

Results. A total of 212 bacteriophages were isolated from municipal wastewater samples, demonstrating lytic activity
against a broad spectrum of clinical isolates and reference strains of K. pneumoniae, including antibiotic-resistant variants.
Specifically, 56.1% of the phage isolates showed specific activity against a pre-characterized panel of 15 PDR/XDR K. pneu-
moniae strains. Notably, each clinical isolate with acquired extensive drug resistance was susceptible to multiple phages, and
14 phages lysed more than 50% of the tested bacterial cultures. The phages exhibited both narrow and broad host ranges,
supporting the formulation of effective phage cocktails for potential therapeutic use.

Conclusions. The findings demonstrate the high potential of bacteriophages as an alternative or adjunctive strategy in
combating multidrug-resistant K. pneumoniae. These experimental results highlight the importance of further development
of phage therapy approaches, especially in the context of escalating multidrug-resistant infections.
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Background. Klebsiella pneumoniae is a
Gram-negative, capsulated opportunistic bacteria
belonging to the large Enterobacteriaceae family.
Various species of the Klebsiella genus are capable
of causing infections at different anatomical sites,
including the lungs, urinary tract, bloodstream,
surgical wounds, soft tissues, and the central ner-
vous system. These infections primarily occur
in patients with underlying health conditions or
immunosuppression. The prevalence of K. pneu-
moniae in healthcare-associated infections has
been reported to reach up to 10% [1]. Currently,
K. pneumoniae is considered one of the major patho-
gens of global concern due to the emergence of hy-
pervirulent and carbapenem-resistant strains [2].

In recent years, the extensive use of antimicrobial
agents has exacerbated the issue of resistance among
Klebsiella spp., with antimicrobial resistance pro-
gressing from multidrug resistance (MDR) to exten-
sively drug-resistant (XDR) and even pan-drug-re-
sistant (PDR) phenotypes [3]. A recent meta-analysis
indicated that carbapenem-resistant strains account-
ed for 28.69% of Klebsiella-associated infections
[4]. According to the CAESAR (Central Asian and
Eastern European Surveillance of Antimicrobial
Resistance) network, the proportion of carbapen-
em-resistant K.pneumoniae isolates in Ukraine in-
creased from 27.6% in 2017 to 64.4% in 2021. Resis-
tance to third-generation cephalosporins rose from
56.7% to 89.9% over the same period [5]. In addi-
tion to the growing presence of antibiotic-resistant
K. pneumoniae in clinical settings, there has been an
increasing number of reports of MDR K.pneumoni-
ae being isolated from rivers, coastal areas, municipal
wastewater, and other environmental sources [6, 7].

The lack of effective treatment options for in-
fections caused by multidrug-resistant organisms
necessitates the exploration of alternative and ad-
junctive therapeutic strategies. Among these, bacte-
riophage therapy stands out as a promising option
for combating antibiotic-resistant bacteria. Bacte-
riophages (phages) are viruses that specifically tar-
get and infect bacteria at the species or even strain
level. They have been employed in the treatment of
bacterial infections since their discovery in the early
20th century [8].

Environmental isolation of bacteriophages plays
a crucial role in current research across medicine,

biotechnology, and ecology, as naturally occurring
phages are often used in the development of thera-
peutic and diagnostic applications. Municipal waste-
water and soil samples are among the most common
sources of phage isolation [9].

In this study, we investigated the possibility of
isolating bacteriophages from urban wastewater
samples that are active against multidrug-resistant
clinical isolates of K. pneumoniae and their potential
use for combating PDR/XDR K. pneumoniae strains
under in vitro conditions.

MATERIALS AND METHODS

Bacterial Cultures. To assess the potential use of
bacteriophages against antibiotic-resistant microor-
ganisms, 15 clinical isolates of K.pneumoniae with
varying degrees of antibiotic resistance were select-
ed. These isolates originated from various clinical
specimens including blood, urine, wound exudates,
and lavage fluids. In the laboratory, cultures were
maintained on tryptic soy agar (Merck), while long-
term storage was performed using tryptic soy broth
supplemented with 10% glycerol at — 80 °C.

Bacteriophages. A bacteriophage collection was
isolated from municipal wastewater samples collect-
ed in Kyiv, Ukraine. Reference and clinical strains of
K.pneumoniae were used as host bacteria. The col-
lection of microorganisms used for phage isolation
was gathered over three calendar years (2021-2023)
from various healthcare facilities in Kyiv. From
the urban wastewater samples, we isolated and de-
scribed 212 bacteriophages that demonstrated lytic
activity against 207 reference strains and clinical iso-
lates of K. pneumoniae with varying degrees of an-
tibiotic resistance. Each of the 207 bacterial strains
tested was susceptible to at least one phage from the
created collection, indicating the feasibility of isolat-
ing phages from the environment that are capable
of infecting a wide range of K. pneumoniae isolates
with different capsular types and cell wall receptors.

The isolation of bacteriophages was carried out
as follows: wastewater samples were centrifuged at
3000 rpm for 10 minutes and filtered through 0.22
pm pore size membranes (MF-Millipore™, Millex®
GS MCE Membrane) to remove large particles and
bacterial cells.

Next, 1 mL of a K. pneumoniae culture in ear-
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ly logarithmic growth phase and 3 g of tryptic soy
agar (Merck) were added to 100 mL of the prepared
wastewater sample to support bacterial growth. The
mixture was incubated at 37 °C for 24 hours. After
incubation, the culture was centrifuged at 4000 x
g for 20 minutes at 4 °C. The resulting supernatant
was re-filtered through a 0.22 um membrane to
eliminate any remaining bacterial cells.

The presence of bacteriophages in the superna-
tant was assessed using the single-layer agar meth-
od. The appearance of clear plaques indicated lytic
phage activity. Individual plaques were isolated for
subsequent amplification. Purification steps were re-
peated at least three times to obtain pure phage lines.
Phage suspensions were stored at 4 °C.

Antimicrobial Susceptibility Testing. Antimi-
crobial susceptibility of the isolated bacterial strains
were determined using the disk diffusion method
and broth microdilution, performed on the VITEK®
2 Compact system in accordance with EUCAST
guidelines [10].

Detection of Resistance Genes. To identify antibi-
otic resistance genes in K.pneumoniae (blaNDM-1,
blaKPC, blaCTX-M-1, and gyrA), specific primers
(Table 1) were used. Bacterial DNA was extracted
enzymatically using the ExXToPCR commercial kit
(A&A Biotechnology, Poland). Each 25 pL PCR re-
action mixture contained: 1 pg of DNA template,
12.5 uL of PCR Mix Plus Green (A&A Biotechnolo-
gy, Poland), 1 uM of each forward and reverse prim-
er (final concentration: 10 pmol/pL), and ultrapure
water to a total volume of 25 pL.

PCR cycling conditions included an initial dena-
turation at 95 °C for 3 minutes, followed by 35 cycles
of: denaturation at 95 °C for 30 seconds, primer an-
nealing at 52-56 °C for 30-60 seconds, and exten-
sion at 72 °C for 45 seconds. A final extension was
performed at 72 °C for 10 minutes.

Amplification products were analyzed under
UV illumination using a transilluminator following

electrophoresis on 1.5% agarose gel at 80 V for 30
minutes.

Electron Microscopy. The size and morphology
of the phages were examined using transmission
electron microscopy (TEM). All analyses were con-
ducted at the Electron Microscopy Laboratory of
the Department of Microbiology and Parasitology
with Basics of Immunology, Bogomolets National
Medical University, Ministry of Health of Ukraine,
as well as at the Shared Research Facilities Center for
Electron Microscopy of the National Academy of
Sciences of Ukraine.

Phage suspensions were prepared in SM buf-
fer at a concentration of no less than 10° PFU/mL.
Enriched phage particles were purified using PEG/
NaCl precipitation [15]. Support films on grids were
prepared using formvar-coated copper grids. The
phage samples were applied onto the film by drop-
wise deposition. Negative staining was performed
using a 2% phosphotungstic acid solution (pH 6.8).
The exposure time in the staining solution was 1-2
minutes. Morphological characteristics of phages
active against K.pneumoniae were examined using a
JEOL JEM-1230 transmission electron microscope.

RESULTS

Our preliminary studies indicate the growing
role of K.pneumoniae in the etiology of infectious
diseases among hospitalized patients in Ukraine.
Strains of K.pneumoniae exhibiting multidrug resis-
tance are being isolated with increasing frequency,
prompting the need for alternative and adjunctive
approaches to combat antibiotic-resistant microor-
ganisms.

In the initial phase of the experimental study, 15
bacterial isolates of K.pneumoniae with PDR/XDR
phenotypes were selected. The results of antimicro-
bial susceptibility testing are presented in Table 2.
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Table 1
Primers used for PCR detection of antibiotic resistance genes in clinical K.pneumoniae isolates
. . . Size of
Gene Primer (5" to 3") ; Reference
amplicon
GGTTTGGCGATCTGGTTTTC
blaNDM-1 621 bp [11, 12]
CGGAATGGCTCATCACGATC
TGTCACTGTATCGCCGTC
blaKPC 1100 bp [11]
GTCAGTGCTCTACAGAAAACC
AAAAATCACTGCGCCAGTTC
blaCTX-M-1 415 bp [13]
AGCTTATTCATCGCCACGTT
AATGAACAAGGTATGACACC
gyrA 368 bp [14]
GCGATACCTGATGCACCATT
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Table 2

Antimicrobial susceptibility of clinical K.pneumoniae isolates

Clinical | | & | « e | | I Al gl ol af «

isolate g g S g g g % S:" % 8 g g g % g
32|38 &|%|=|8|"|S|8|8|%|¢&

Antibiotic - - - - ~ - - - - -
Ampicillin-sulbactam | R | R | R | - | R R| R|R|R|R|R|R|R|R|R
ﬁgiﬁilt?/ R|R|-|R|R|{R|R|R|R|R|R|R|R|R|R
fgggi‘:tliﬁ/ R|R|-|R|R|{R|-|R|R|R|R|R|R|-]|R
Cefepime R|R|R|-]R|R R|R|R|R|R|R|R]J|R
fﬁgzﬁgﬁe/ R|S|-|R|R|{R|R|R|R|R|S|S|S|R|R
Ceftazidime R R R R R R - R R R R R R R R
Cefuroxime R | R | R RIR|]R|[R|R|] R|R R | R | R R [ R
iﬁ{)"g;ﬁone/ ~-|R|-|R|R|R|R|R|R|R|R|-|R|R]|-
Cephalexin R|R|-|]R|R|R|R|R|R|-|R|[R|R|-]R
Cefazolin R|{R|R|-|/R|R|-|R|[R|R|R|R|[R|RJ|R
Ceftriaxone R| R | - -|R|R|R|R|R|-]J]R|R|R|]-]R
Ertapenem RIR|R|]R|R|R| - R | R | - R|R|R]|]R|[R
Meropenem R|R|R|R|R|R|]R|R|R|R|R|R|R|R I
Imipenem R | - - R | - - - R| -] R| - R | - - R
Aztreonam R | R | R R S R - R | R | R R | R | R R [ R
Ciprofloxacin R|R|R]|R S R|{R|R|R|R|]R|RJ|]R|R]J|R
Levofloxacin R R R - R R R R R R R R R R R
Moxifloxacin R [ R - - R | R | R - R|R|R|] R|R - R
Norfloxacin R R R - R R - R R R R R R - R
Ofloxacin R R - - R R - - R R R R R R R
Amikacin R S R R R R S - R - R S S R R
Gentamicin R I - R R R S - R - R R I R R
Netilmicin - S - - | R|R|-|R|R|R|R| - S - -
Tobramycin R|R|R|]R|R|R S R|R|R|]R|R|]R|R]|]R
Tigecycline R|{S|{S|-]]S|]S|]S|R|S|R|S|R|R|S|R
Chloramphenicol R|R|R|-|S|S|R|R|R|S|]R|R|R|R]|S
Co-trimoxazole R [ R - R|IR|R|R R | R | R R I S R [ R

Note:

S - Susceptible, standard dosing regimen.

R - Resistant.

I - Susceptible, increased exposure.

«-» — Not tested
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Additionally, specific genes associated with cer-
tain resistance mechanisms were identified in the
selected strains using polymerase chain reaction
(PCR). This allowed us to establish that 93.3% of
the strains carried the blaCTX-M gene, which en-
codes the CTX-M extended-spectrum beta-lac-
tamase (ESBL). Furthermore, the blaNDM gene,
which encodes one of the most clinically signifi-

cant enzymes, metallo-beta-lactamase (MBL), was
detected in 73.3% of the isolates, conferring high
resistance to carbapenems. Additionally, the blaK-
PC gene, responsible for carbapenem resistance,
was found in 33.3% of the K. pneumoniae isolates.
Resistance-associated genes to fluoroquinolones
were detected in 40% of the strains (Fig. 1, Table 3).

Fig. 1. Detection of blaNDM genes in PDR/XDR isolates of Klebsiella pneumoniae using PCR

Table 3
Antibiotic resistance genes in clinical isolates of K.pneumoniae
Straine Gene blaNDM blaKPC blaCTX-M gyrA

1538/22 + + + -
1299/22 + + + +
1395/22 + - + -
234/23 + - + +
1409/22 + - - -
1266/22 + + + -

828 - - + +

314a + - + -
1403/22 + +

16a - +
1422/22 - - + +
135/22 - - + -
1279/22 - + + -
1545/22 + - + -
1513/22 + - + -

Total 73,3 % 33,3% 93,3% 40 %
ISSN 2664-472X. ¢ ISSN 2664-4738. Medical science of Ukraine / Meduuna nayxa Yxpaiu, 2025, Vol. 21, Ne 2 21



Poniatovskyi V.A., Shyrobokov V.P, Vodianyk A.A., Rudneva K.L., Kharina A.V.

The created phage collection was tested against
15 specifically selected and characterized PDR/
XDR isolates of K.pneumoniae. Using a modified
spot test, it was determined that 56.1% (119 out
of 212) of the phage isolates from the collection
exhibited specific activity against the tested PDR/
XDR K.pneumoniae isolates. The lytic activity of the
phages ranged from 6.7% to 73.3% (Fig. 2).

Phages with a broad host range are generally
considered more beneficial for phage therapy than
those with a narrow host range, as they enable si-
multaneous targeting of multiple bacterial strains.
Among the 119 bacteriophages from the collection
that were lytically active against PDR/XDR isolates
of K. pneumoniae, 46 demonstrated specific activity
only against individual strains. Fourteen bacterio-
phages were able to lyse more than 50% of the PDR/
XDR K. pneumoniae strains used in the study. Con-
versely, each of the PDR/XDR isolates of K. pneu-
moniae was susceptible to multiple bacteriophages
(ranging from 4 to 42 phages).

Currently, so-called “phage cocktails” are most
commonly used in medicine. These are mixtures

of several bacteriophages intended for the treat-
ment or prevention of bacterial infections [16]. The
pattern of K. pneumoniae susceptibility to bacte-
riophages that we established underscores the ne-
cessity of including multiple phage isolates with
lytic activity against the same bacterial strain when
formulating phage cocktails. Furthermore, phag-
es within cocktails may exhibit a synergistic effect,
further enhancing their efficacy.

During the assessment of the specific activity of
various bacteriophages against PDR/XDR K. pneu-
moniae isolates, no correlation was found between
bacterial susceptibility to phages and the presence
of specific antibiotic resistance genes. This finding
supports the feasibility of using a single phage cock-
tail to combat different strains of K. pneumoniae
with diverse antibiotic resistance profiles.

The use of electron microscopy allowed us to
determine that the bacteriophages active against
PDR/XDR strains of Klebsiella pneumoniae ex-
hibited different morphological types (Fig. 3). The
most common variant was the Myo-type phage
morphotype.

Fig. 2. Sensitivity of strain 1395/22 to antimicrobial agents and bacteriophages:
a — Resistance to antimicrobial agents; b - Sensitivity to bacteriophages as determined by the small drop method
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Fig. 3. Morphological forms of bacteriophages active against PDR/XDR strains of K.pneumoniae

DISCUSSION

Recently, due to the growing number of infec-
tions caused by bacteria such as Klebsiella pneumo-
niae, bacteriophages have reemerged as a potential
supplement to modern antimicrobial agents. In
this study, Klebsiella-specific phages were iso-
lated from samples of municipal wastewater in
Kyiv (Ukraine). The activity of these phages was
subsequently tested against PDR/XDR strains of
K. pneumoniae.

The results of our experimental studies indicate
that Klebsiella-specific phages are quite prevalent
in municipal wastewater. We successfully isolated
phages that were active against all 15 PDR/XDR
strains of K. pneumoniae used in the experiment.

The possibility of isolating bacteriophages from
wastewater samples that are specific to MDR/
XDR/PDR strains of K. pneumoniae has been con-
firmed by several other researchers [17, 18]. For
instance, Martins WMBS and colleagues, using
wastewater from various parts of the world, ob-
tained a set of highly effective phages against XDR
K. pneumoniae ST16 [19]. Thus, municipal waste-
water can serve as a source for isolating phages ac-
tive against clinical isolates of K. pneumoniae with
varying levels of antibiotic resistance.

Some phages have a polyvalent host range, al-
lowing them to infect many microbial strains, while
others exhibit more narrow specificity, infecting
only certain strains. This is primarily due to the re-
ceptor specificity of the phages. Phage adsorption
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to the host cell can occur through various external
structures, depending on the type of phage and
host; in Gram-negative bacteria such as K.pneu-
moniae, receptors may include capsules, pili, outer
membrane proteins, sugar fragments, or lipopoly-
saccharides (LPS) [20]. This process determines the
range of hosts, ie., the spectrum of bacteria that
a particular phage can infect. In this study, 38.7%
of the isolated phages showed activity against only
specific bacterial strains, which confirms the mosa-
ic antigen-receptor structure of Klebsiella spp. The
narrow host range of a significant portion of the
phages isolated in our study that were active against
K.pneumoniae aligns with the findings of other re-
searchers. For example, Celia Ferriol-Gonzalez and
colleagues, using cross-infection matrices, estab-
lished that most Klebsiella phages from a collection
of 86 isolates were highly specific and capable of in-
fecting a limited number of hosts (on average, 2.67).
Specifically, 84.88% of bacteriophages could infect
one to three strains [21].

The creation of a collection of phages with a
narrow host range can be considered advanta-
geous for personalized phage therapy, as it allows
phages to specifically target individual bacterial
strains without affecting the normal microbiota,
thereby reducing the risk of side effects. At the
same time, phages with a broad activity spectrum
also offer certain benefits, as they can lyse a wide
range of bacterial strains. This makes them partic-
ularly useful in cases where an infection is caused
by multiple pathogens or for prophylactic use [21].

Klebsiella spp. are ubiquitous Gram-negative
bacteria that are commonly found in the natural
environment, including the human microbiome.
Klebsiella species are involved in the development
of many infectious diseases. In recent years, their
resistance to multiple drugs, especially carbapen-
ems and P-lactam antibiotics, has posed signif-
icant challenges for treatment. This is reflected
in the growing number of antimicrobial agents
to which these bacteria demonstrate resistance.
Klebsiella species possess a variety of antibiotic re-
sistance mechanisms. For example, the presence of
the blaKPC and blaNDM genes confers resistance
to B-lactams, including carbapenems; the mcr-1
gene causes resistance to colistin; blaCTX-M con-
fers resistance to many P-lactams; aac(3)-II con-

fers resistance to aminoglycosides; and tet genes
provide resistance to tetracyclines [22]. Our find-
ings indicate that the PDR/XDR strains of K.pneu-
moniae isolated from patients in inpatient wards
in Ukraine have a range of different antibiotic re-
sistance genes. In almost all cases, combinations of
several resistance mechanisms were detected. The
most frequently identified gene was blaCTX-M
(93.3%). The bacteriophages isolated during the
study lysed all PDR/XDR K. pneumoniae strains,
regardless of the presence of resistance genes or
their combinations.

CONCLUSIONS

The results obtained show that municipal
wastewater can be a valuable source of phages ac-
tive against multidrug-resistant K. pneumoniae,
regardless of their genetic resistance profile. The
use of bacteriophages with a broad or combined
activity spectrum could become a promising di-
rection in the fight against infections caused by
PDR/XDR strains of K. pneumoniae, especially in
the context of limited effectiveness of traditional
antimicrobial agents.
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BUKOPUCTAHHA BAKTEPIO®ATIB ITPOTH IITAMIB KLEBSIELLA PNEUMONIAE 3
MHOKWHHOIO JTTIKAPCBKOIO CTIMKICTIO

! lonamoecvkuii B.A., ' Illupo6okoé B.I1., ' Boosnux A.A., ' Pyonesa K.J1., > Xapina A.B.

'Hauionanvruii meouunuii ynieepcumem imeni O.0. bozomonvus, Kuis, Ykpaina
’Kuiecokuti HayionanvHuti ynieepcumem imeni Tapaca lllesuenxa, Kuis, Ykpaina

v.poniatovskyi@gmail.com

AkTtyanpHicTh. [TosABa pe3NCTEHTHUX O MPOTUMIKPOOHMX MpelapaTiB MiKpOOpPraHisMiB € Cepiio3HOI0 IT06ATbHOIO
Ipo6/1eMoI0 0XOpOHM 370poB’s. OfHielo 3 HamoMMpeHinMX 6aKTepiit, 0 CIPUYMHAIOTD BHYTPIIHbOIIKAPHAHI iHPeK-
uii, € Klebsiella pneumoniae, 0cobmBO y BaXXKOXBOpuX HanientiB. Yactora mommpeHocti K. pneumoniae 3 MHOXUHHOIO
NiKapCbKOIO CTIMIKICTIO Pi3KO 3pOC/Ia B yCbOMY CBiTi 32 OCTaHHI AeCATUIITTA, CTBOPIOIOYM HETAMHY 3arposy I IPOMaJ-
CBKOTO 3[J0POB’sL. 3a BifCyTHOCTI epeKTUBHMX METOZIB JIIKYBaHHs BXXKMX OaKTepiabHMX iHDEKIIil, CIPUYMHEHNX aHTH-
6i0TMKOpE3NCTeHTHUMM IITaMaMu OakTepiit, 6akTepiodarn e iHAMBiNyamIbHUM Ta ePEeKTUBHUM TePANeBTUYHUM JOIOB-
HEHHsIM, a B JIeAKUX BUIIA[IKaX — aJIbTEPHATIBOIO TPAAMIiIHUM aHTUOAKTepiaTbHIM CTPATeTiAM.

Mera: BUBYMTY MOXIUBICTD BUAieHHs 6akTepiodariB mpotu mramis K.pneumoniae 3 nosuoo (PDR) Ta posumpeHoro
(XDR) mikapchbKOI0 CTIMKICTIO, BUKOPUCTOBYIOUN 3Pa3KM MICBKUX CTIYHMX BOJ, @ TAKOXK JOCIIAUTHU CIEKTpP IXHBOI aKTUB-
HOCTI in vitro.

Marepiamu Ta Metopu. bakTepiodarn i3omoBanm 3a JOMOMOrOl MeTOAy 36araueHHs, a ix crenudiuHy aKTMBHICTDb
BU3Haua/M MOudikoBaHNM MeTofoM Ipaiiia Ta MeTofOM Manux Kpamenb. Mopdonoriuni ocobmBocTi isonboBaHux 6ak-
TepiodariB ZOCTIIKYBanu 3a HOMOMOTO0 eTeKTPOHHOI MiKpocKoIil. BusHaueHHs 9yT/IMBOCTI 1O IPOTUMIKPOOHUX Ipe-
mapariB 3[iliCHIOBaIM MeTOZOM AUCKO-AudysiitHoro Tecty (IIM) Ta MeTomoM MiKpoposBemeHb. [eHu aHTHO6iOTHMKOpE-
3ucTeHTHOCTI (WlaNDM-1, blaKPC, blaCTX-M-1 ta gyrA) BUABIIM METOLOM I0/TiMepas3Hoi aHiorosoi peaxuii (ITJIP).

PesynbraTn. Y pamkax JocmimkeHHA Oyio i3ompoBaHo 212 6akrepiodaris i3 MiCbKMX CTiYHUX BOJ, SKi IPOSBUIN aK-
TUBHICTD IOO LIMPOKOTO CIIEKTpPa KIiHIYHMX i307TiB Ta pedpepenTHux mramis K.prneumoniae, BKIodar0dm aHTUOI0TH-
KOPe3UCTeHTHi BapiaHT. 30KpeMa, 56,1 % aroBux i30/ATiB HPOLEMOHCTPYBAM ClIennpidHy aKTUBHICTD JO IOIEePEHbO
Bifibpanux i oxapakrepusosanyx 15 PDR/XDR-mramis K.prneumonide. Baxxnuso, 110 Ko>KeH KIiHIYHUIT i307AT i3 Haby-
TOI0 IIMPOKOIO aHTMOI0TUKOPE3UCTEHTHICTIO OYB Yy TIMBUIL HO KinbKox ¢aris, a 14 6akrepiodaris nmisysamm monap 50 %
6akTepianbHUX KyIbTYp. IIpn 11b0My dary FeMOHCTPYBaIN AK BY3bKMIA, TaK i IIMPOKUIL CIIEKTP JITUYHOI aKTUBHOCTI, 11J0
nosBorsie chopmyBaty eeKTUBHI (aroBi KOKTeVi A1 MOTeHLiTHOI aroTepariii..

BucnoBku. OTpuMaHi pe3ynbTaTyl CBif4aTh PO BIUCOKY MOTEHIiIHY e(eKTUBHICTh OakTepiodaris sK anbTepHaTUB-
HOro a60 ZOMOMDKHOrO0 3aco6y y 60poThb6i 3 K. pneumoniae 3 MHOXXMHHOIO JIIKapChKOIO CTilKicTI0. Pe3ynbraTn excriepn-
MEHTa/IbHOTO TOCII/PKEHH MiIKPEeCTIOI0Th JOIIbHICTD OJAIbIIOr0 PO3BUTKY (haroTepaneBTUYHMX MiIXOfiB, 0COOINBO
B yMOBaX NOIIMPEHHS MYIbTNPE3UCTEHTHUX iH(peKIill.

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meduuna nayka Ypainu, 2025, Vol. 21, Ne 2 27



