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Dynamics of antibiotic resistance in
Escherichia coli in urinary tract infections:
a 20-year analysis and prospects for overcoming
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The objective: to investigate the dynamics of antimicrobial susceptibility changes in Escherichia coli (E. coli) from upper and
lower urinary tract (UT) and assess the current level of antibiotic resistance for optimization of UT infection (UTI) therapy.
Materials and methods. Archival material from microbiological studies from 2004 to 2024 was analyzed based on exami-
nation data from 7,230 patients with inflammation of the upper and lower UT. Of these patients, causative agents were
identified in 2,686 (37.15%); and E. coli was isolated from 1,535 (57.14%) of these patients, and its antibiotic suscepti-
bility profile was established. Susceptibility determination was performed using the disc-diffusion method according to
EUCAST (European Committee on Antimicrobial Susceptibility Testing) and CLSI (Clinical and Laboratory Standards
Institute) recommendations. Statistical data processing was performed using Microsoft Excel 2019.

Results. E. coli remained the dominant UTI pathogen throughout the observation period (45% of all isolated microorga-
nisms), but its relative proportion decreased slightly from 56% in 2004 to 50% in 2024 (x> = 9.8, p < 0.01). Meanwhile,
the proportion of Klebsiella pneumoniae significantly increased from 4% in 2004 to 25% in 2024 (x? = 156.4, p < 0.001).
Among E. coli strains, 69.9% were susceptible to antibiotics, 22.7% were resistant, and 7.4% were intermediate. Resistance
increased from 26.1% in 2004 to 38% in 2020 (32 = 32.7, p < 0.001), with a decrease to 15.1% in 2024 (32 = 89.2, p < 0.001).
The highest resistance was observed to tetracyclines (49%), B-lactam antibiotics (30.4%), and fluoroquinolones (28.1%).
Aminoglycosides maintained the highest efficacy (resistance 20.4%). Among cephalosporins, ceftizoxime was most effec-
tive (resistance 8%, susceptibility 90.7%), while cephalexin was least effective (resistance 33.3%, susceptibility 48.9%).
Conclusions. The study revealed an alarming trend of increasing E. coli resistance to major antibiotic classes, especially
II-III generation cephalosporins. These data justify the need for continuous monitoring of UTI pathogen susceptibility,
development of new antibiotic therapy strategies, and implementation of alternative treatment methods to overcome

antibiotic resistance.
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Urinary tract infections (UTI) are among the most
common bacterial infections in medical practice and
constitute a significant portion of patient visits to physi-
cians of various specialties [1, 2]. Statistical data indicate
that UTT incidence among women is 4 times higher than in
men, which is explained by the anatomical features of the
female urinary tract (UT) [3]. The annual UTI incidence
in women is approximately 12%, while approximately 50%
of women by age 32 report at least one episode of UTT [4].

It is estimated that approximately 150 million cases
of UTIs are registered worldwide annually [5]. Escheri-
chia coli (E. coli) is the etiological factor in 70-95% of UTI
cases, while Proteus mirabilis (P. mirabilis), Klebsiella spp.,
and Staphylococcus saprophyticus (S. saprophyticus) are sig-
nificantly less common pathogens [6, 7]. These microorga-
nisms have various pathogenicity factors that allow them
to colonize the UT and cause inflammatory processes [8].

The growing antibiotic resistance of UTI pathogens
is an extremely acute problem in modern medicine, com-
plicating treatment and leading to chronic inflammatory
processes [9]. There is a trend toward increasing anti-
microbial resistance among pathogenic microorganisms
in Europe, and these correlations are statistically signifi-
cant for all classes of antimicrobial agents [10]. It has
been established that the main mechanism of resistance
is the ability of bacteria to produce B-lactamases, which
destroy antibiotic molecules [11].

Irrational use of antibiotics creates selective pressure
that promotes the development of resistance or even mul-
tidrug resistance in bacterial populations [12]. This fact
necessitates continuous monitoring of UTI pathogen sus-
ceptibility to antibacterial agents and the search for new
treatment approaches.

Microorganisms causing acute and chronic UTI. The
etiological structure of UTTIs is characterized by a diver-
sity of microorganisms, but gram-negative bacteria of the
Enterobacteriaceae family play the dominant role. E. coli
is the most common UTI pathogen, comprising 75 to 95%
of cases of uncomplicated infections according to various
data [2, 7]. This is explained by the presence in E. coli
of numerous virulence factors that ensure colonization of
the uroepithelium and persistence in the UT, including
adhesins (type 1 and P fimbriae), hemolysins, sidero-
phores, and various toxins [8].

Klebsiella pneumoniae (K. pneumoniae) is an important
opportunistic UTI pathogen, especially in patients with dia-
betes mellitus, immunosuppression, and after instrumental
interventions [13]. A characteristic feature of K. pneumo-
niae is its ability to form biofilms and produce extended-
spectrum B-lactamases (ESBL), which determines its high
resistance to antibiotics [14].

P. mirabilis was found in 1-10% of UTI cases, mainly
in patients with catheter-associated infections and uro-
lithiasis. The ability of P. mirabilis to produce urease leads
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to urine alkalization and struvite stone formation, which
become reservoirs for bacterial persistence [15].

Among gram-positive microorganisms, Enterococcus
Jaecalis (E. faecalis) and S. saprophyticus were the most
common UTI pathogens. E. faecalis is characterized by
natural resistance to cephalosporins and relative imper-
meability to aminoglycosides, requiring combination
therapy to achieve bactericidal effect [16]. S. saprophyti-
cus is the second most common UTTI pathogen in young
women after E. coli, causing 10—-20% of cases of uncom-
plicated UTT [17].

Pseudomonas aeruginosa and Acinetobacter bauman-
nii are important opportunistic pathogens that are more
frequently found in nosocomial UTI. Risk factors for
infection with these microorganisms include prolonged
UT catheterization, intensive care unit stay, previous
broad-spectrum antibiotic use, and immunosuppres-
sion [18]. These microorganisms are characterized by
Multi-Drug Resistance (MDR) to antibiotics and the
ability to form biofilms on catheter surfaces and other
medical equipment [19].

The formation of chronic UT inflammatory processes
is associated with pathogen persistence, their adaptation
to host conditions, and the development of antibiotic re-
sistance. Intracellular localization of bacteria, particularly
E. coli, in uroepithelial cells protects them from antibiotic
action and the immune system, creating conditions for in-
fection recurrence [20]. The ability to form biofilms is also
an important factor in bacterial persistence and chronic
inflammatory process formation [21].

Susceptibility of microorganisms to antibacterial agents.
The effectiveness of antibacterial therapy for UTIs largely
depends on pathogen susceptibility to selected drugs. In
recent decades, there has been a trend toward increasing
uropathogen resistance to antibiotics, which poses a seri-
ous clinical problem [9].

E. coli resistance to the most commonly used anti-
biotics demonstrates significant geographical differences.
Global antimicrobial resistance monitoring data show
significant geographical differences in E. coli resistance
levels to fluoroquinolones [22]. In Europe, E. coli re-
sistance to fluoroquinolones is characterized by a clear
north-south gradient, with the lowest rates observed in
the northern parts of the European region and the highest
in the southern regions [23].

The spread of ESBL producers among uropathogens is
particularly concerning. ESBL-producing E. coli and Kleb-
siella spp. strains are characterized by resistance to most
B-lactam antibiotics, including the IIT generation cepha-
losporins, and often have associated resistance to other
antibiotic classes [24]. An increase in the prevalence of
extended-spectrum B-lactamases among enterobacteria in
hospital settings is observed [25].

Carbapenems have long remained the drugs of choice
for treating patients with infections caused by ESBL-pro-
ducing bacteria. However, in recent years, the spread of car-
bapenemase-producing Enterobacteriaceae strains has been
observed, significantly limiting therapeutic options [24].

Fluoroquinolones are widely used for UTI treatment,
but their effectiveness is declining due to increasing re-
sistance. The main mechanisms of fluoroquinolone re-
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sistance are mutations in genes encoding DNA gyrase and
topoisomerase 1V, as well as efflux pump activation [26].
According to the European Antimicrobial Resistance Sur-
veillance Network (EARS-Net), in 2021, E. coli resistance
to fluoroquinolones below 10% was observed in only 4% of
European countries, while 38% of countries reported rates
of 25% and higher (17.9% in 2002) [23].

Antibiotic resistance formation mechanisms are di-
verse and include production of inactivating enzymes, an-
tibiotic target modification, cell wall permeability reduc-
tion, efflux pump activation, and biofilm formation [12].
Genetic determinants of resistance can be chromosomal
or plasmid-mediated, with the latter capable of horizon-
tal transfer between bacteria, significantly accelerating
resistance spread [27].

The objective: to investigate the dynamics of E. coli
susceptibility changes from upper and lower UT to anti-
bacterial agents during 2004—2024 and assess the current
level of antibiotic resistance for UTI therapy optimization.

MATERIALS AND METHODS

Archival material from microbiological studies con-
ducted in the Laboratory of Microbiology, Virology and
Myecology of the State Institution “Academician O. F. Vo-
zianov Institute of Urology of NAMS of Ukraine” for
2004—-2024 was analyzed in 7,230 patients with upper and
lower UT pathology. Of these patients, causative agents
were identified in 2,686; and E. coli was isolated from
1,535 of these patients, and its antibiotic susceptibility
profile was established.

Women predominated among patients — 86.1%
(6,225 people), while the proportion of men was only
13.9% (1,005 people). The average age of patients was
43.2 + 3.6 years.

Results interpretation was performed according to
EUCAST (European Committee on Antimicrobial Sus-
ceptibility Testing) criteria: microorganisms were classi-
fied into categories “susceptible” (S), “intermediate” (1),
and “resistant” (R).

The chi-square test (x?) was used to compare propor-
tions between different observation periods. Differences
were considered statistically significant at p < 0.05. Calcu-
lations were performed using Microsoft Excel 2019.

RESULTS AND DISCUSSION

Analysis of the microbial landscape during 2004—2024
allowed tracking changes in the etiological structure of
UTTIs and identifying trends toward increasing the role of
gram-negative microorganisms.

The percentage of microorganism isolation from patient
urine was 37% (2,686 positive samples out of 7,230 exa-
mined patients). This indicates that in a significant por-
tion of patients (63%) with clinical signs of UTI, patho-
gens could not be isolated using the culture method.

Analysis of the general landscape of isolated micro-
biota showed that the most common UTI pathogen is
E. coli, which was detected in 45% of cases (Fig. 1).
E. faecalis ranked second in isolation frequency — 13%.
K. pneumoniae and Staphylococcus epidermidis (. epider-
midis) tied for third place, with each of these pathogens
detected in 6% of cases.
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P. mirabilis and Enterococcus faecium (E. faecium) were
detected in 4% of cases. Proteus is associated with catheter-
associated infections and urolithiasis due to its ability to pro-
duce urease, which increases urine pH and promotes struvite
stone formation [15].

Pseudomonas aeruginosa (P. aeruginosa) and Staphy-
lococcus haemolyticus (S. haemolyticus) were isolated in
3% of cases. These pathogens typically cause nosocomi-
al UTIs, especially in patients with prolonged bladder
catheterization, immunosuppression, and after multiple
antibiotic therapy [18].

In 16% of isolates, microorganisms that occurred in iso-
lated cases and insignificant concentrations were isolated.

To understand the dynamics of microbial landscape
changes in UTIs during the observation period, the isola-
tion frequency of the most common microorganisms was
analyzed (Fig. 2). E. coli remained the dominant pathogen
throughout the observation period, but its relative propor-
tion decreased slightly: from 56% in 2004 to 50% in 2024.

Meanwhile, the proportion of K. pneumoniae increased
significantly — from 4% in 2004 to 25% in 2024. This trend
indicates the growing role of K. pneumoniae, an important
pathogen in UTTI etiology, which requires special attention
when choosing empirical antibiotic therapy.

The isolation frequency of E. faecalis also underwent
changes: a gradual decrease in isolation frequency was ob-
served from 20% in 2004 to 4.2% in 2024. This may reflect
changes in antibacterial therapy, including wider use of
antibiotics active against enterococci.

P. aeruginosa bacteria showed fluctuations in isolation fre-
quency within 2-5% during 2004—2021, while in 2024 this
indicator was 0%. However, the high resistance of this patho-
gen to antimicrobial agents should be considered, making it
clinically significant even at relatively low detection frequency.
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Fig. 1. Spectrum of UTI pathogens registered during
2004-2024

The concerning trend of increasing Proteus spp. isola-
tion frequency from 4% in 2004 to 17% in 2024 is note-
worthy (Fig. 2).

When analyzing the dynamics of E. coli antibiotic re-
sistance during the specified period, it was established that
among detected isolates, 69.9% were susceptible to anti-
biotics, 22.7% were resistant, and 7.4% were intermediate.
Overall, the last two categories (resistant and intermedi-
ate) comprise 30.1%, which is a significant portion of the
total number of strains.
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Fig. 2. Dynamics of UTI pathogens detection during 2004-2024
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Fig. 3. E. coli antibiotic susceptibility levels during 2004-2024
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Fig. 4. E. coli isolate resistance to different antibiotic groups

E. coli antibiotic resistance from 2004 (26.1%) in-
creased moderately, reaching its maximum in 2020 (38%),
as did intermediate strains from 4.1% to 16.8%. From
2021 to 2024, a decrease in the number of resistant
strains is observed, which is explained by the use of com-
bination therapy (Fig. 3).

E. coli susceptibility levels to 4 main antibiotic clas-
ses during the observation period (2004—2024) were
analyzed (Fig. 4). The worst results were obtained
with tetracyclines — 49% of isolates were resistant,
which statistically significantly exceeded resistance
to B-lactam antibiotics (x> = 58.3, p < 0.001), fluoro-
quinolones (x> = 71.2, p < 0.001), and aminoglyco-
sides (3% = 138.7, p < 0.001). B-lactam antibiotics ranked
second in ineffectiveness with 30.4% strain resistance.
Fluoroquinolones ranked third with 28.1% strain resista-
nce. Aminoglycosides proved most effective with 20.4%

34

strain resistance, which statistically significantly differed
from all other classes (p < 0.001).

Effectiveness of different generations of cephalosporins.
Cephalosporin drugs are currently widely used in Ukraine.
This is related to their relatively high effectiveness and
low cost, as they are produced in Ukraine [28] (Table).

Ceftizoxime is the most effective with only 8% resis-
tance and 90.7% susceptibility, which statistically signi-
ficantly differs from all other cephalosporins (3> = 67.4,
p < 0.001, when compared to ceftazidime). It belongs
to the IIT generation cephalosporins and has a relative-
ly short application period (2016—2024). In contrast,
cephalexin with 33.3% resistance and 48.9% suscep-
tibility statistically significantly lags in effectiveness
(x> =1051.2, p < 0.001, when compared to ceftizoxime).
This antibiotic belongs to the T generation drugs and has
not been used since 2013.
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E. coli isolate susceptibility to cephalosporin antibiotics

Antibiotic Data Period Resistant, % Intermediate, % Susceptible, %
Ceftizoxime 2016-2024 8.0 1.2 90.7
Ceftazidime 2016-2024 9.5 3.4 87.1
Cefoperazone 2012-2024 7.2 9.9 82.8
Cefotaxime 2004-2024 16.77 1.05 82.53
Cefobid 2004-2009 17.4 4.5 78.2
Ceftriaxone 2004-2024 8.7 13.2 78.1
Cefepime 2008-2021 15.1 9.5 75.4
Cefuroxime 2008-2024 20.85 7.45 71.75
Cefpodoxime 2016-2024 22.9 13.2 63.9
Cephalexin 2004-2013 33.3 17.8 48.9

Analysis of different cephalosporin generation effec-
tiveness showed that overall, all generations are quite
effective (Fig. 5). However, the I generation is least ef-
fective, as it does not reach 50% susceptibility to these an-
tibiotics. Meanwhile, II, III, and IV generation antibiotics
range in effectiveness between 64% and 90%, indicating
prospects for their use. With increasing generation, antibi-
otic effectiveness increases.

Among the most popular drugs, cefotaxime (the
IIT generation cephalosporin) showed resistance that in-
creased from 14% to 17% over the years, while susceptibi-
lity decreased from 83% to 82%.

Ceftriaxone demonstrates a more pronounced trend:
susceptibility to it fell from 92% to 78% in 2024. At the
same time, resistance increased from 7% to 9%, and inter-
mediate strains by 12%.

Cefuroxime (the II generation cephalosporin) showed
decreased susceptibility from 79% to 72% and increased
resistance from 15% to 21%.

The obtained results indicate a complex epidemio-
logical situation regarding antibiotic resistance of UTI
pathogens in Ukraine. The decrease in the relative pro-

| generation Il generation

90
80
70
60
50
40
3
2
10

%

[N o]

o

H Resistant

© Intermediate

portion of E. coli with simultaneous growth in the role of
K. pneumoniae may reflect changes in antibiotic therapy
practice and selective pressure that promotes the deve-
lopment of more resistant strains.

High resistance to tetracyclines (49%) and B-lactam
antibiotics (30.4%) limits their clinical use for UTI treat-
ment. Meanwhile, maintaining relatively high suscepti-
bility to aminoglycosides makes them drugs of choice for
treating patients infected with resistant pathogens.

Particular attention is drawn to the growing role of
capsule-forming microorganisms, particularly K. pneu-
moniae, which is confirmed by regional studies. S. Sova
et al. in a study of the Kyiv region also noted a trend
toward increasing the proportion of Klebsiella spp.
among hospitalized patients from 14.8% in 2013 to 37%
in 2022, indicating the nationwide nature of this prob-
lem [29]. The authors emphasize that this reflects the
evolutionary success of the protective capsule forma-
tion mechanism associated with quorum sensing and
biofilm formation.

The trend toward decreased susceptibility to TI-11I ge-
neration cephalosporins is particularly concerning, as

Il generation IV generation

m Susceptible

Fig. 5. Average effectiveness indicators of I-IV generation cephalosporins against E. coli
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these drugs are widely used in current clinical practice.
The emergence and spread of ESBL-producing strains
may explain this trend. Kyiv region data demonstrate that
among hospitalized patients, E. coli and Klebsiella spp. re-
main susceptible practically only to fosfomycin and car-
bapenems [29], emphasizing the critical nature of the situ-
ation in urbanized medical centers.

The study results emphasize the need to implement
antibiotic stewardship programs, which include: regular
monitoring of local resistance profiles, development of lo-
cal guidelines for empirical therapy, restriction of broad-
spectrum antibiotic use, implementation of rapid diagnos-
tic methods for early detection of resistant strains.

Increasing cephalosporin resistance requires searching
for alternative treatment strategies. Promising directions
include combination therapy with B-lactamase inhibitors,
use of fosfomycin and nitrofurantoin, which maintain high
activity against uropathogens [30].

Non-pharmacological methods for UTI prevention and
treatment are gaining importance. The use of probiotics,
phytotherapeutics, bacteriophages, and immunomodula-
tors may become an effective complement to traditional
antibiotic therapy [30, 31].

TEMMU

CONCLUSIONS

1. E. coli remains the dominant UTT pathogen (45% of
all isolated microorganisms), but a decrease in its relative
proportion from 56% in 2004 to 50% in 2024 is observed
against the background of increasing K. prneumoniae role
from 4% to 25%.

2. Among E. coli strains, 30.1% are resistant or in-
termediate to antibiotics, which constitutes a significant
clinical problem.

3. The maximum resistance level was observed in
2020 (38%) with subsequent decline.

4. E. coli demonstrates the highest resistance to tet-
racyclines (49%), B-lactam antibiotics (30.4%), and fluo-
roquinolones (28.1%). Aminoglycosides maintain the
highest effectiveness (resistance 20.4%).

5. Among cephalosporins, ceftizoxime is the most effective
with 8% resistance and 90.7% susceptibility, while cephalexin
is the least effective with 33.3% resistance and 48.9% suscep-
tibility. A concerning trend toward decreased susceptibility
to ITI-III generation cephalosporins is observed.
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NlvHamiKa aHTHOIOTUKOPE3MCTEHTHOCTI
Escherichia coli npu iHthekLifAX ce4oBMBIAHNX WNAXIB:
20-pivyHnii aHani3 Ta nepcneKTMBU NOAONAHHS

A. B. PyneHko, C. O. BosiaHoB, B. C. degopqeHko, B. B. Tpetsak
AY «Iucruryt yposorii im. akaa. O. @. Bozianosa HAMH Yxkpainus, M. Kuis

Mema docnioncenns: anania quaamiku 3minu uyytausocti Escherichia coli (E. coli), BuiiieHoi 3 BepXHiX Ta HUKHIX CE€UOBU-
Bizaux mwisixis (CII), 1o aHTHOAKTEpiaIbHUX MPENapaTiB, a TAKOK OL[IHKA aKTYaJbHOTO PiBHS aHTHOIOTHKOPE3HCTEHTHOCTI
3 MeTol0 ontumidanii Tepamii indexniit CIIT (ICIII).

Mamepianu ma memoou. IIpoananizoBano apxiBHi MaTepiaju MiKpoOiOJOTiYHUX JOCTHiAKeHb 3a nepiox 2004—2024 pp. Ha
OCHOBI JTaHuX oOcTeskenHs 7230 maiieHTis i3 3anasenHsaM BepxHix Ta Hukuix CIIL Y 2686 nauienris (37,15%) BusiBieHo
30yanukiB indexuii; y 1535 (57,14%) i3 nux inenrudicosano E. coli ii BcTaHOBJIEHO PiBeHb YYTIMBOCTI 10 AHTUGIOTHKIB.
BusHaueHHs1 4yTIMBOCTI poBOAWIM AUCKO-Audy3iiinuM MetoaoM 3rinHo 3 pekomennanismu EUCAST (European Com-
mittee on Antimicrobial Susceptibility Testing) Ta CLSI (Clinical and Laboratory Standards Institute). Cratuctuuny 06-
POOKy maHux 3ailicHioBaiu 3a gonomoroio Microsoft Excel 2019.

Pesynvmamu. E. coli samumanacsi ocaoBuum 36yauukom ICII nporsirom ycboro mepiomy cnocrepeskenusi (45% Bin ycix
BUJIUIEHNX MIKPOOPraHi3mMiB), mpoTe ii Bi/IHOCHA YacCTKa CTATHCTHYHO 3Hauynle 3Hu3mwiacsa — 3 56% y 2004 p. mo 50% y
2024 p. (x* = 9,8, p < 0,01). Haromicts yactka Klebsiella pneumoniae cratucruuno suauyme 3pocia — 3 4% y 2004 p.
1m0 25% y 2024 p. (x* = 156,4, p < 0,001). Cepen wramis E. coli 69,9% Gyau yyriueumu 10 aHTHOIOTHKIB, 22,7% — CTiii-
KHMH, 7,4% — TOMIpHO 4yTiauBHMH. PiBeHb PEe3NCTEHTHOCTI CTATHCTHYHO 3Hauylle 3pocTtaB — 3 26,1% y 2004 p. o 38% y
2020 p. (x* = 32,7, p < 0,001), 3 moganbIMM 3HAUYIMM 3HIKEHHsIM 10 15,1% y 2024 p. (32 = 89,2, p < 0,001). HaiiBummii
piBeHb PE3UCTEHTHOCTI BiI3HAYEHO /10 TETPAMKJIIHIB (49% ), B-nakramuux antu6GioTukis (30,4% ) Ta ¢propxinosonis (28,1%).
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Haii6iibiny edexrusHicTb 30epiraau aMiHoraiko3uau (piBensb pesucrentHocti — 20,4%). Cepen nedanocnopuis Haiiedek-
THBHIIIMM BHSIBUBCs e Ti30oKcuM (pesucteHnTHicTb — 8%, uyrmsicts — 90,7%), Haiimeni edexrnBanM — nedarekcun (pe-

sucrenTHicts — 33,3%, yyrauBicts — 48,9%).

Bucnosexu. JIochifizkeHHs: BUSIBIIO TPUBOKHY TEHIEHIIIIO 0 3POCTaHHs pe3ucteHTHocTi E. coli 10 0CHOBHMX KJACiB aHTH-
6ioTHKiB, 0c001BO /10 Hedanocnopuni II-III mokoiue. OrpuMani 1ani 06GIPYHTOBYIOTh HEOOXIIHICTH NOCTIHOrO MOHITO-
punry pesucrenrnocti 30yauukis ICIII, po3apoOKku HOBHX cTpaTeriii aHTHGIOTUKOTEPAIT Ta BIPOBA/PKEHHST aJIbTEPHATHBHUX
MeTO/B JIKYBaHHsI [Is1 TO/I0JaHHs IPOGTIEMH aHTHOIOTUKOPE3UCTEHTHOCTI.

Kantouosi cnosa: ingpexuyii cevosusionux wsixie, Escherichia coli, anmuGiomuxopesucmenmuicmo, e aiocnopumis, MOHimopumz

pesucmeHmHocmi.

IH@)eKHﬁ cevoBuBiHUX 1xiB (ICIID) namexats g0 Haii-
MOMIMPEHIIMX GakTepiaTbHUX IHEKITH y MeanuHiii mpak-
THUIll Ta CTAHOBJIATH 3HAYHY YACTUHY 3BEPHEHb TAIlEHTIB
JI0 JTiKapiB pisHUX creriianbHocteit [1, 2]. Cratuctiuni mani
CBiIuaTh, 1o 3axBopioBanicTh Ha [CIII ceper skiHOK y 4 pa3u
BUIIQ, HI’K cepe/] YOJIOBIKIB, 1110 TIOSICHIOETHCST aHATOMIYHUME
ocobmBoCTSIME Kifounx cewoBmBimnmx nuisixis (CIIT) [3].
[MMopiuna 3axsoproBanicth Ha [CII y XiHOK CTaHOBUTH
6m3bko 12%, npu oMy nprbmaHo 50% skiHok 10 32 po-
KiB TIOBiZIOMJISTIOTD TIPO IoHaiMenTie ouH emizon ICII [4].

3a oIiHKaMM, LIOPIYHO Y CBITI peecTpyerbest OJN3b-
ko 150 murn Bumnazikis ICI [5]. Etiosoriynnm ynHHIKOM
ICII y 70-95% Burmazkis € kuimkoBa mannuka (Escheri-
chia coli (E. coli)), 3HauHo piziie 30y ITHUKaMU BUCTYTIAIOTh
Proteus mirabilis (P. mirabilis), Klebsiella spp. Ta Staphylo-
coccus saprophyticus (S. saprophyticus) |6, 7]. 1li mikpo-
Oprafi3aM# MaloTh Pi3HOMaHiITHI (DaKTOPU TATOTEHHOCTI,
10 I03BOJIATOTH M KostoridyBatu CIII Ta cipuannsaTy 3a-
naJbHi mportecu [8].

HaasBuyaiiHo rocTpoio mpobieMoro CydacHoi MeuIH-
HM € 3POCTaHHS aHTUOIOTMKOPESUCTEHTHOCTI 30YAHUKIB
ICII, 110 ycKIamHIOE JIiKyBaHHS Ta TPU3BOANUTH 10 XPOHi-
3arii 3anampHUX TporieciB [9]. CrocTepiraeTbes TeHAEHTIIS
JI0 3POCTAHHSI aHTUMIKPOGHOI PE3UCTEHTHOCTI Cepell TmaTo-
TeHHNX MiKpOOpTaHi3MiB B €BpOIT, MPIYOMY Tii KOPEeJIATTii
€ CTATMCTUYHO 3HAYYIIMMU JUIST BCIX KJIACIB TPOTUMIKPOO-
Hux 3acobiB [10]. BeranoBiieHo, M0 OCHOBHUM MeXaHi3-
MOM PE3MCTEHTHOCTI € 37IaTHICTh GaKTepiil MpoLyKyBaTH
B-smakramasy, siki pyWHYIOTh MOJIEKYTH aHTHOioTHKIB [11].

HepartionanbHe 3acTOCyBaHHs aHTUOIOTHKIB CTBOPIOE
CeJIEKTUBHMH THCK, SKAH 3YMOBIIOE PO3BUTOK PE3WC-
TEHTHOCTI a00 HABITh MYJBITUPE3UCTEHTHOCTI B GaKTepi-
anpaux nomyssisx [12]. et dakr o6ymosiioe Heob-
XiJIHICTh MOCTIHHOTO MOHITOPUHTY YYTJIUBOCTI 30YAHUKIB
ICII mo aHTMGaKTEpiadbHUX MPEMapaTiB i MOIIYKY HO-
BUX MIXOIB /10 JIIKyBaHHS.

Mikpoopeanismu, sKi UKIUKAIOMb 20CMPL MA XPOHIY-
ni ICII. Erionoriuna ctpykrypa ICIII xapakrepusyerncs
PIBHOMAHITHICTIO MiKPOOPTaHi3MiB, TIPOT€ OCHOBHY POJib
BiZirpaloTh rpamHeraTuBHi OGaxrepii poxunu Enterobac-
teriaceae. E. coli € naiinommipenimmm 36yaankom 1CIII,
CIIPUYMHSIIOUN, 32 PI3HUMU JaHWUMH, Bif 75 10 95% Bu-
Ma/IKiB HeycKIaaHennx indexiiii [2, 7]. e moscHIOEThCS
HasiBHiCTIO B E. coli unciennux (hakTopiB BipyJIEeHTHOCT,
1o 3a6e31e4yI0Th KOJIOHI3AIII0 YPOCHITeNiio Ta Hepeuc-
tenuito B CIII, 30kpema aaresunis (pim6pii Tuny 1 ta P),
reMOJTi3UHIB, craepodopiB i pi3HOMaHITHUX TOKCUHIB [8].

Klebsiella pneumoniae (K. pneumoniae) € BakJIMBUM
omoprynictnunrM 30yaaukom ICIII, ocobauso y maii-
€HTIB i3 I[yKPOBUM JiaGeToM, IMyHOCYIIPECIEI0 Ta MicJIs
incrpymenrtaibhux Brpydanb [13]. Xapakreproio ocobuu-
Bictio K. pneumoniae € 3jaTHICTb 10 YTBOPEHHST GiOTIIIIBOK
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Ta MPOAYKIIi B-akTamas posmupenoro criekrpa (ESBL —
Extended-Spectrum B-Lactamases), 1o o6ymoBmioe ii Bu-
COKY PE3UCTEHTHICTD 10 aHTubioTnkis [14].

P. mirabilis Buasnasca B 1-10% sunaaxis ICII, me-
PEBAKHO y TAIIIEHTIB i3 KaTeTep-acoliioBaHUMU iH(peK-
LiAMK Ta cedoKaM’stHOI0 XBOpobolo. 3aatHicTs P. mirabilis
MPOYKYBaTU ypeasy MPU3BOAUTDL /10 aJKali3alll cevi Ta
(hopmyBanHsa CTPYBITHUX KaMeHIB, SKi CTalOTh pPe3epBya-
POM Il iepercTenttii Gakrepiii [15].

Cepezi rpaMIIO3UTUBHUX MIiKPOOPTaHi3MiB HaltuacTilm-
mu 36yaaukamu ICI € Enterococcus faecalis (E. faecalis)
ta S. saprophyticus. E. faecalis XapaKTepusy€eThcs IPUPOI-
HOIO PE3UCTEHTHICTIO /0 TeaJTOCIOPUHIB Ta BiIHOCHOIO
HENPOHUKHICTIO TSI aMiHOTJIKO3U/IIB, 110 TTOTPeOye KOM-
GiHOBaHOI Tepartil st IOCSTHEHHST OaKTEPUIUAHOTO ehek-
Ty [16]. S. saprophyticus € npyrum 3a 4acToTOIO 30Y/IHU-
koM ICII y momoanx skiHok micast E. coli, cipuumHsoun
10-20% Bunazkis Heyckaanuenux ICII [17].

Pseudomonas aeruginosa ta Acinetobacter baumannii €
BAKJINBUMHU OTIOPTYHICTUYHNMH TTATOTEHAMH, SKi 4acTi-
e BusiBJsIOThC 1ipu HozokomiasibHux [CIIL. Maxropa-
MU PUBUKY 7151 iH(DIKyBaHHS IUMU MiKPOOpTaHi3MaMu €
tpuBaia karerepusaiist CIII, mepebGyBanHs y BimiseHHi
iHTEeHCMBHOI Tepallii, MOTEPEIHE 3aCTOCYBaHHS aHTHOIO-
THKIiB IMUPOKOTO crieKTpa mii Ta imynocynpecisa [18]. ILi
MIKPOOPraHi3Mu XapaKTepU3yloTbCsI MHOKUHHOIO CTiHKic-
0 (MDR — Multi-Drug Resistance) 1o antubiotukis i
3natHicTio 10 popMmyBaHHsT OIOMIIBOK Ha MOBEPXHI Kate-
TepiB Ta iHIIOro MeanYHOTO ObIaxHanHs [19].

@opmyBanHs xpoHiyHux 3ananpHux mporecis CII
TOB’SI3aHO 3 MEPCUCTEHIIIE0 30yIHUKIB, IXHBOIO aaamnTa-
€10 10 YMOB MaKpPOOPTaHi3My Ta PO3BUTKOM aHTHOIO-
TUKOPE3UCTEHTHOCTL. BHYTPINTHBOKIITHHHA JIOKAJi3a-
uist Gaxrepiii, 3okpema E. coli, y kiiTHHAX ypOEMiTeJiio
3axuIae ix Biz ii aHTHOIOTHKIB Ta iMyHHOI CHCTEMH,
CTBOPIOIOYN YMOBW IS penuauByBaHHs iHbekii [20].
3[aTHICTh 0 YTBOPEHHS GiOTUIIBOK TaKOXK € BasKINBUM
(axTopoMm mnepcucrenii 6akTepiit Ta popMyBaHHS XPO-
HIYHOTO 3aMajbHOTO TIporiecy [21].

Yymausicmo Mikpoopeanismie 00 anmubaxmepiaioHux
npenapamie. EdextusHicTh anTHOAKTEpiaJbHOI Teparii
ICIII 3Ha4YHOIO MipO0 3aJEKNUTh Bil YyTINBOCTI 30yIHN-
KiB 110 oOpanux npenapaTiB. OCTaHHIMU AECATUIITTIMU
CTIOCTEPITAETHCA TEH/ICHTIIS 10 3POCTAHHS PE3MCTEHTHOCTI
YPOILATOTEHIB 10 aHTUOIOTUKIB, 10 CTAHOBUTDL CEPIIO3HY
KJaiHiuHy 11pobaemy [9].

Pesucrenthictb E. coli 1o Haityacriiie 3acTOCOBYBaHUX
aHTUOIOTHKIB JIEMOHCTPYE 3HAYHI TeorpaciuHi BiMiHHOC-
Ti. Jlafi ro6anbHOro MOHITOPUHTY aHTUMIKPOOHOI pesuc-
TEHTHOCTI BKa3ylOTh Ha 3HAYHi reorpadiyHi BiAMIHHOCTI
B piBHsX pesucrentHocti E. coli mo ¢ropxinomnonis [22].
B €sporni pesucrenrnicts E. coli no dropxinosonis xa-
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PAKTEPU3YETHCS YiTKUM IIBHIYHO-ITIBJIEHHUM TPQJIEHTOM,
IIpU IKOMY HaWHWMIKYi TIOKA3HUKU CIIOCTEPITAIOThCS B TTiB-
HIYHUX YacTrHaxX €BpOMeiicbKOTO peTiony, a HaWBHII —
y TiBIeHHUX peTioHax [23].

OcobiBe 3aHEIOKOEHHS BUKJIMKAE MOLMIUPEHHS [PO-
JylieHTiB B-naktamas posimpenoro crekrpa (ESBL) cepen
ypomarorenis. [[Ttamu E. coli Ta Klebsiella spp., o mpojy-
kyiorb ESBL, XapakTepusyioThcsl pesucTeHTHICTIO 10 OiJib-
moCTi B-TaKTaMHIX aHTHOIOTHKIB, 30KpeMa Tiehasrocopu-
uiB Il mokosrinms, 1 acTo MalOTh acOIOBAHY PE3UCTEHT-
HICTB /10 iHIMX KaciB antubiotukis [24]. Criocrepiractbes
3POCTaHHS TIOMUPEHOCTI B-JIaKTaMa3 PO3ITUPEHOTO CIIEK-
Tpa cepell eHTepobakTepiil y rocrmitaabHIX yMoBax [25].

KapbameneMu TpuBaInii 4ac 3aJIUITATINCS Mperapara-
My BUOOPY IS JIIKYBaHHSI XBOPHX 3 iH(eKIiaAMuU, crpu-
ynHeHnMU GakTepismu, mo npoxykyiote ESBL. IIpore
OCTaHHIMHU POKaMH CIIOCTEPITAETHCS MOMINPEHHS ITaMiB
Enterobacteriaceae, sixi poiyKyloTh KapOarieHeMasH, 1110
3HAYHO OOMEIKYE TepareBTUYHI MOKIMBOCTI [24].

DTOpXiHOMOHKM [IUPOKO 3aCTOCOBYIOTBCST JIIsT  JHKY-
Bauus [CIII, mpote iXHA eeKTUBHICTD 3HIKYETLCS Yepes
3pOCTaHHS pe3ncTeHTHOCTL. OCHOBHUMM MeXaHi3MaMH pe-
3UCTEHTHOCTI /10 (PTOPXiHOJIOHIB € MyTallil B TeHaX, 10 KOLY-
101 JIHK-ripasy Ta Tonoizomepasy IV, a Takoxk aktusaris
edmmokcHrx nomir [26]. 3a ganuMu €BporieiicbKoi Mepesxi
HaIJIsLy 3a aHTUMIKpoGHOHO pesuctenTHicTio (EARS-Net —
European Antimicrobial Resistance Surveillance Network),
y 2021 p. piBenb pesucrentrocti E. coli 10 (HTOPXiHOMOHIB
nmwkae 10% dikcyBaBest suine y 4% €BPOIENChKUX KpaiH,
Tozi ax 38% Kpail MOBIZOMIIN PO MOKAZHUKY 25% 1 Buiie
(y 2022 p. 1ieit nokasuuk craHoBuB 17,9%) [23].

Mexanismu  (popMyBaHHsI AHTHOIOTHMKOPE3UCTEHTHOC-
Ti PI3HOMAHITHI Ta BKJIOYAIOTH MPOAYKIIO iIHAKTUBYIOUMX
depmenriB, Moxmdikamnio mirmeni i aHTUOIOTHKA, 3HU-
SKEHHS TIPOHUKHOCTI KJIITHHHOI CTIHKHU, aKTUBAILIO eIIioK-
cHUX MOMII i yrBopeHns Giomiisok [12]. Tenernuni nerep-
MiHAHTH PE3UCTEHTHOCTI MOXKYTh GYTH XPOMOCOMHUMH ab0
TLJTA3MiTHIIMU, TIPUYOMY OCTaHHi 3/[aTHI /10 TOPU3OHTAIBHO-
TO TIEPEHOCY MixK GAKTEPisIMH, 110 3HAYHO TIPUCKOPIOE TIO-
ITMPEHHs Pe3ncTeHTHoCTi [27].

Merta KOCH/IZKEHHST: aHAJII3 IMHAMIKY 3MiHU Yy TJINBO-
cri E. coli, Buninenoi 3 Bepxuix ta Huskaix CIII, no antu-
GakTepiabHUX MPEnaparis, a TAaKOXK OIiHKA aKTyaJlbHOTO
PiBHS aHTUOIOTUKOPE3UCTEHTHOCTI 3 METOI0 ONTHUMIizalii
teparii ICIII.

MATEPIAJIU TA METOOU

[TpoanamizoBaHo apxiBHUI MaTepian MiKPOOIOJOTTYHIX
JIOCJTIJIZKEHDB, TIPOBEJIEHUX Y JTabopaTopii Mikpobioorii, Bipy-
coJiorii Ta Mikosorii /lep:xaBHoi ycraHoBu <«IHcTUTYT YypO-
Jiorii im. akaz. O. @. Boszianosa HAMH Yxpaiuu» B niepios
2004—2024 pp. Y nocaimxenns BrmodeHo 7230 marienTis i3
natosorieio BepxHix i HpkHiX CIILL Y 2686 narienTis BusiB-
JIEHO 30YIHUKIB, aCOMIMOBAHKX 13 BiMOBIZHOW MATOJIOTIE.
V¥ 1535 3 nux 3adikcoBano HasgBHicTb E. coli B cevi Ta Bera-
HOBJICHO PiBHI YyTJIMBOCTI IITaMiB 0 aHTUOIOTHKIB.

Cepen matieHTiB mepeBakaan KiHkn — 86,1% (6225
oci6), ToAl SIK YacTKa 4YOJIOBIKIB craHoBuia Jmuie 13,9%
(1005 oci6). Cepenniii Bik narientis — 43,2 £ 3,6 poky.

IHTeprperartito pe3yJsbraTiB MPOBOWIN BiZIIOBIHO 10
kputepiiB EUCAST (European Committee on Antimicro-
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E. coli m E. faecalis B S. epidermidis
OK. pneumoniae @ E. faecium B P. mirabilis
=S. haemolyticus = P. gerugenosa = HWi

Puc. 1. Cnektp 36yauukis ICLL, 3apeecTpoBanux
ynpoaox 2004-2024 pp.

bial Susceptibility Testing): Mikpoopratizmu po3noiIsIn Ha
KaTeropii «uyTauBuit> (S — susceptible), «momipro wyTIn-
Buii» (I — intermediate) Ta «pesucrenthmit> (R — resistant).

[l TOpIBHAHHSA TPOMOPINH MK PI3HUMHU TIepiona-
MU CIIOCTEPEKEHHST BUKOPUCTOBYBAIM KPUTEPI Xi-KBajl-
pat (x?). CraTuCTU4HO 3HAYYIIUMU BBAKAJIU BiIMiHHOC-
ti ipu p < 0,05. Po3paxyHKu TPOBOANIN 32 JOTIOMOTOIO
nporpamu Microsoft Excel 2019.

PE3YJIbTATU AOCJIIAXKEHHA
TA IX OBrOBOPEHH4A

Ananiz Mikpo6GHOTo nieiizaxy mpotsarom 2004—2024 pp.
JI03BOJIMB BIICTEKUTH 3MiHU B €TiOJIOTIUHIN CTPYKTYypi
ICIII Ta BUSABUTH TEHEHIIi1 10 3POCTAHHS POJi TpaMHeTa-
TUBHUX MiKPOOPIraHi3MiB.

Butiziennst MikpoopraHiamis i3 ceui BigzHayeHo y 37%
xBopux (2686 nosutuBHuUX 3paskis i3 7230 obcTexeHnX
narienTi). Ile cBimuuTh PO Te, MO Y 3HAUHOI YACTUHU
narientiB (63%) i3 kiiniuanmu oznakamu [CIII He Braso-
ST BU/IJTMTH 30YIHUKIB KyJIBTYPAIBHUM METOIOM.

AmaJi3 3araJbHOTO CIEKTPAa MiKPOOPTaHi3MiB MpojIe-
MOHCTPYBaB, 1o Haliuactimum 30yanukom ICIII € E. coli,
sIKy BusiBneno B 45% sumnaznkis (puc. 1). Ha apyromy
micui — E. faecalis (13%), ua tperbomy — K. pneumoniae
Ta Staphylococcus epidermidis (S. epidermidis) (o 6% Bu-
TIAJIKiB KOXKEH ).

P. mirabilis Ta Enterococcus faecium (E. faecium) BusiB-
sy 4% sunagakis. P. mirabilis acorioerbes 3 katerep-
acoriiioBaHnMK iH(GEKIIAMI I ceuoKaM sTHOI0 XBOPOOOIO
yepe3 3/IaTHICTh MPOAYKYBATH ypeasy, ska migsuirye pH
cedi Ta CHPUYMHSIE YTBOPEHHST CTPYBITHUX KameHiB [15].

Pseudomonas aeruginosa (P. aeruginosa) (CHHbOTHIlHA
nanuuka) ta Staphylococcus haemolyticus (S. haemolyti-
cus) Bupiseni y 3% umnazakis. Lli matorenu mepeBaskHO
3yMOBJIIOIOTH HO3oKoMiambHi ICIII, 0co6a1BO Yy HAlIEHTIB
i3 TPUBAJIOIO KATeTEePU3AIli€l0 CeYOBOrO MiXypa, IMyHOCY-
npeciero Ta micss GararopasoBoi anTuGioTrkoTepanii [18].
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Y 16% 3paskiB i30JTiB BUSIBIEHO MiKPOOPTaHi3MHu,
o hIiKCyBaINCh Y MOOJMHOKNAX BUIAAKAX i HE3HATHUX
KOHIIEHTPAITISIX.

s OUiHKY AvHAMIKM 3MiH MiKpOGHOro 1podisio
ICHI mpotsaroMm mepiofy CHOCTEPEKEHHS IIPoaHaIi30Ba-
HO YacTOTY BW/IIJIEHHS HAUTOMIMPEHIINX MiKpPOOpraHi3-
MiB (puc. 2). E. coli 3amvmanacst 0oCHOBHUM 30YIHUKOM
VIIPOJIOBK YChOTO TIEPiojly CIOCTEPesKeHHs, TpoTe 11 Bijl-
HOCHA 9acTKa JIeMo 3Husmiacst — 3 56% y 2004 p. 10 50% y
2024 p. Bomnouac wactka K. pneumoniae cyTTeBO 3pocia —
3 4% y 2004 p. 1o 25% y 2024 p. s TeHIeHIs CBIUUTD
PO 3POCTaHHS 3HAUYHIOCTI K. pneumoniae ik BaKJIUBOTO
naroreny B etiosorii ICIII, o motpeGye ocobmBoi yBarn
npu BUOGOPI eMITipruyHOi aHTHOIOTKOTEPAIIii.

60
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TEMMU

Yacrora BusiBieHHst E. faecalis Takox 3a3Haja 3MiH:
CTIOCTEPITajocs MOCTYNOBE 3HMKEHHS YaCTOTH BUIITICHHS
320% y 2004 p. 10 4,2% y 2024 p. Ile moske BimoOpaskaTu
3MIHU B aHTHOAKTepia/IbHill Tepaliii, 30KpemMa IMupIie 3a-
CTOCYBaHHs aHTUGIOTHKIB, aKTUBHUX MPOTH €HTEPOKOKIB.

Baxrepil Buny P. aeruginosa mpoieMOHCTPYBalId KO-
JIMBAHHSI YaCTOTH BUJJIEHHSI B MeXaX 2—5% HPOTSATOM
2004—-2021 pp., Toxi sk y 2024 p. 1eii MOKa3HUK CTAHOBUB
0%. Bomnouac ciiiyi BpaxoByBaTH BHCOKY PE3UCTEHTHICTh
1HOro 30yJIHMKA /10 AaHTUMIKPOOHUX TIpenapaTiB, 1Mo Po-
6UTh HOro KJIHIYHO 3HAYYIIUM HABITH 32 BI/IHOCHO HU3b-
KOI 4YaCTOTU BUSIBJIEHHSI.

3pocranHst yactoTu Bujiienust Proteus spp. (3 4% y
2004 p. 10 17% y 2024 p.) BUKIKMKAE 3aHENOKOEHHS (pUC. 2).
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—@—E. coli
—O—E. faecium

—O— E. faecalis
—O— P. mirabilis

2014

2016 2018 2020
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—8—S. epidermidis  —O— K. pneumoniae
—®—S. haemolyticus —@— P. aerugenosa

Puc. 2. lunamika suasnenns 36yanukis ICLL npotarom 2004-2024 pp.
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Ananiz puHamiky antubioTuxopesucrentaocti E. coli
3a BKa3aHWII Mepiofl MPOIEMOHCTPYBAB, IO CEPell BUSB-
JIeHnX 13071TiB 69,9% saymimanucst 9y TIMBIMK 10 aHTH-
Giotukis, 22,7% — crifikumu, a 7,4% — TMOMIPHO 4yT/H-
BUMM. 3arajioM, OCTaHHi /IBi KaTeropii (CTIfKI i MOMipHO
gy TyiuBi) cranosisaTh 30,1%, 1110 € 3HAYHOIO YACTUHOIO BiJ{
3arajbHOI KiJIbKOCTI 1ITaMiB.

[Tounnatoun 3 2004 p., Komu pesucreHTHicTb E. coli
10 anTubioTuKiB craHoBuia 26,1%, crocrepiranocs i 1mo-
CTYIIOBE 3POCTAHHS, nocsATatoun Makcumymy y 2020 p. —
38%. Yactka 1mOMIpHO 4yTJMBUX i30s1TiB 3pocaa 3 4,1%
1o 16,8%. Y 2021-2024 pp. criocrepiraiocst 3MeHIIEHHsT
KUJIBKOCTi PE3UCTEHTHUX ITaMiB, 110 MOSICHIOETHCS 3aCTO-
cyBaHHSM KoMGiHOBaHOI Teparii (puc. 3).

I[IpoanamizoBano pisui wytimBocti E. coli 1o 4 ocHOB-
HUX KJIaCiB aHTMOIOTHKIB IMTPOTATOM NEPIOY CIIOCTEPEKEH-
1 (20042024 pp.) (puc. 4). Hatiripuii pesysasratu oTpu-
MaHi TP 3aCTOCYBAHHI TeTparukiiHiB — 49% i3ossTiB
GyJIi CTIKUMM, 110 CTATUCTUYHO 3HAYYIIE MTEPEBHUIITYBAJIO
PE3HUCTEHTHICTD 10 B-JakTaMHuUX aHTHGioTHKIB (Y = 58,3,
p < 0,001), dropxinononis (x> = 71,2, p < 0,001) Ta
aminormikosugis (y? = 138,7, p < 0,001). Jpyroio 3a ne-
eeKTUBHICTIO BUABHUJIACA TPymNa P-JakTaMHUX aHTHOIO-
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TEMMU

TikiB — 30,4% mrramis 6ysm criiikumu. DTOPXiHOTIOHN
1ociyin Tpete miciie 3 piBuem pesucrertHocti 28,1%. Haii-
e(DeKTUBHITIMI BUSBUJINCS aMiHOTJIKO3UIU 3 PE3NC-
tentHicTio 20,4% 1ITaMiB, M0 CTATUCTUYHO 3HAYYIIE Bifl-
pisHszocs Bin ycix iHmux kaacis (p < 0,001).

Egpexmusnicmy yeganocnopunis pisnux nokonins. Ha cbo-
TOIHI B YKpaiHi IMMPOKO 3aCTOCOBYIOTHCS Tperapary 1ieca-
JiocriopuHoBoro psay [28]. Ile moB’s13aHo 3 iX BiTHOCHO BH-
COKOIO e(heKTHBHICTIO Ta HU3BKOIO BapTiCTIO, OCKLIBKU BOHU
BUITYCKAIOThCsI BITYU3HAHUMU BUPOOHUKAMY (TabJInLLs ).

HaitedextuBHimmm BugBUBCA e TI30OKCUM 13 PiBHEM
pesucrentHocti jmie 8% Tta yyrausictio 90,7%, mo cra-
TUCTUYHO 3HAUYINE BiAPI3HAETHCS BiJ yciX iHIMX Ieda-
soctiopuHiB (y? = 67,4, p < 0,001, nopiBasiHO 3 1edTa-
suammom). Ileit antu6GioTnk nHanexntd 10 111 mokominms
11eaToCTIOPUHIB 1 Ma€ BIZAHOCHO KOPOTKHUIT TepiofT 3aCTo-
cyBanns (2016-2024 pp.). Hatomicts nedanekcun (an-
tbiotnk I mokosinHs) 3 pesucrentHicTio 33,3% i uyr-
suBicTio 48,9% CTaTUCTUYHO 3HAYYIIE TTOCTYITAEThCS 32
edexrusnictio (3° = 1051,2, p < 0,001, nopiBHsiHO 3 11ed-
TiI30KCUMOM) Ta He BUKOPHUCTOBYEThCs 3 2013 p.

Anaini3 eeKTUBHOCTI PI3HUX MOKOJIHD Iedasoco-
PUHIB TIOKA3aB, 10 3aTaJIOM yCi MTOKOJIIHHS IEMOHCTPYIOTh

2014
Pik

2019 2024

AmiHOrniKO3Mam
—0— TeTpauuKkniHm

Pue. 4. CriiikicTb i3onartis E. coli po pisHux rpyn aHTnbioTMKiB

YytnusicTsb izonsatis E. coli no anTnéioTukie uethanocnopuHoBoro psay

AHTUGIOTUK

Mepioa paHux

Criniknii, %

MomipHo yyTnueui, % Yytnueuin, %

LedTizokcum 2016-2024 8,0 1,2 90,7
UedTasnonm 2016-2024 9,5 3,4 87,1
LleponepazoH 2012-2024 7,2 9,9 82,8
LledboTtakcum 2004-2024 16,77 1,05 82,53
Ledobin, 2004-2009 17,4 4,5 78,2
LedTpiakcoH 2004-2024 8,7 13,2 78,1
Lledenim 2008-2021 15,1 9,5 75,4
Lledypokcum 2008-2024 20,85 7,45 71,75
Lledbnopokcum 2016-2024 22,9 13,2 63,9
LledanekcuH 2004-2013 33,3 17,8 48,9
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Puc. 5. GepepHi nokasHuku ehektuHocti uepanocnopunis -1V nokoniub npotu E. coli

nocrataio edexruBHicTs (puc. 5). Omnmak | mokominHs €
HaiiMeHIl eeKTUBHUM, OCKIJIbKU PiBEHb UYTJIUBOCTI He
nepesuiiye 50%. Boarouac anrubioruxu 11, 11T Ta IV mo-
KOJIIHHST JIeMOHCTPYIOTh edekt zii Ha piBni 64—90%, 110
CBiTYUTH TIPO TTEPCTIEKTHUBU iX 3aCTOCYBAHHA. 3 KOKHUM
HACTYIIHUM IIOKOJIHHAM e(eKTUBHICTh aHTUOIOTUKIB
3POCTAE.

Cepent HalGITIBIN TOMYJIAPHUX TIpenaparis 1edoTak-
cuM (medanocropud III MOKOJiHHS) TPOJEMOHCTPYBAB
cTiliKicTb, sgKa 3 pokamu 30iabimaacs 3 14% no 17%, a
qyTJUBiCTh 3HM3MIACS 3 83% 10 82%.

[ledrpiakcon aeMoHCTpy€E OilbIn BUpasKeHy TEHIEH-
1i10: YyTJIMBICTh /IO HBOTO 3MeHImIacs 3 92% 1o 78% y
2024 p., pe3ucTeHTHIiCTD 3pocia i3 7% 10 9%, a yacTka 11o-
MIpHO YyTJMBUX IITaMiB 36imbiimnacs ua 12%.

IHedypokcum (niecpasmocropun I1 moxomiHHs) MOKa3aB
3HUKEHHS YYTIUBOCTI i3 79% /10 72%, a pe3uCTeHTHICTh
3pocya 3 15% 1o 21%.

OtpuMani pe3ysbTaTH CBiYATL TIPO CKJIAAHY elije-
MIOJIOTTYHY CHUTYAIliI0 MO0 aHTUOIOTMKOPE3UCTEHTHOCTI
36yauukiB ICII B Ykpaini. 3MeHIIEHHS BiZIHOCHOI YacT-
ku E. coli na T spocranug poii K. pneumoniae Moxe
BijoOpaskaTy 3MiHM B TIPakTUll aHTUOIOTHKOTEpalii Ta
CEJIEKTUBHUIT THUCK, 10 3YMOBJIOE PO3BUTOK OLIbII pe-
3UCTEHTHUX MITAMIB.

Bucoka pesucrenTHictb 10 TeTpanukiainis (49%) Tta
B-makramuux antuGiotukis (30,4%) obMexye ixXHe Kiii-
HiuHe 3acrocyBanHsi npu JikyBauui ICIII. Harowmicts
30epesKeHHs BiJHOCHO BHCOKOI YyTJIMBOCTI 0 aMiHOIJII-
KO3W/B POOUTH IX TIpermapaTamu BUGOPY st JIKYBaHHS
HAIEHTIB, iH(DIKOBAHUX PE3UCTEHTHUME 30y IHUKAMU.

Oco6 By yBary IpUBEPTAE 3POCTAHHS POJI KAIICyJI0-
YTBOPIOBAJIbHUX MiKPOOPIraHi3MiB, 30kpema K. pneumoniae,
MO TiATBEPIKYETbCS PETiOHAIBHIMU TOCTI[PKEHHSIMU.
3okpema, C. CoBa Ta criBaBT. y jgocmipkenti KniBcbko-
IO PEerioHy BiJ3HAYUIIN TEHAEHIIIO 10 30LIbIIEHHS YacT-
ku Klebsiella spp. cepen cramionapaux xsopux i3 14,8%
y 2013 p. no 37% y 2022 p., 1110 CBiAYUTD TIPO 3arajbHO-
yKpaiHchKuil xapakrep 1iel mpobaemu [29]. Asropu -

HEALTH OF MAN / 3/I0POB'ST YOJIOBIKA « Ne3 (94)/2025
ISSN 2786-7315 (Print) | ISSN 2786-7323 (Online)

KPECJIOIOTh, 10 1€ BioOpakae eBOJIOLIiHY YCIIIIHICTh
3aXMCHOTO MeXaHi3My KallCyJOyTBOPEHHS, MOB'SI3aHOTO 3
SIBUITEM KBOPYM-CEHCUHTY Ta (hOPMYBaHHIM GiOTUIBOK.

Tenpentrist 10 3HIKEHHST YyTIUBOCTI /10 Tiedanocmo-
puniB IT-111 mokoJiHHS BUK/IMKAE OCOOGJIMBE 3aHEIIOKO-
€HH$, OCKIJIbKM Hapasi IIi MpernapaTu IMHUPOKO 3aCTOCO-
BYIOTbCSA B KJiHIYHIM mpakTumi. [losBa Ta mommpenus
mrtamiB, gki mpoaykyiots ESBL, Moxe moscHioBaTu 110
TeHzien1io. /Jlani KuiBcbkoro periony 1eMOHCTPYIOTb, IO
cepen cramionapuux xsopux E. coli ta Klebsiella spp. 3a-
JINTIAIOTHCS UYTIUBUMH TPAKTUYIHO JKIIe 10 dhocdomi-
IUHY i KapbareHeMiB, 10 MiIKPECTIOE KPUTUIHICTD CUTY-
aIlii B MiChKUX MeIMYHUX TIeHTpax [29].

PesyiibraTu 10CIIIBKEHHS T AKPECIOI0Th HeOOXI IHICTh
BIPOBA/KEHHsI TIPOTPaM aHTHOIOTUKAIBHOTO CTIOAPIIITH-
Iy, SIKi BKJTIOYAIOTH: PETYJISIPHUI MOHITOPUHT JIOKATbHUX
TPOGITIB PE3UCTEHTHOCTI, PO3POOKY JTOKATHHUX PEKOMEH-
JIAIi 1010 eMITiPUYHOI Tepariii, 0OMesKeHHsT BUKOPUCTaH-
HST aHTHUOIOTHKIB MIMPOKOTO CIIEKTPa [iii, BIIPOBAIKEHHS
MIBUIKUX METO/IIB /IIaTHOCTUKY JIJisT PAHHBOTO BUSIBJICHHS
PE3UCTEHTHUX ITITaMiB.

3pocTaHHs PE3UCTEHTHOCTI /10 11edasoCIOPUHIB TIO-
Tpeby€e TOIIYKYy aJbTePHATHBHUX CTPATETii JIKyBaHHSL.
[TepcrieKTMBHIMHI HATpSIMaMU €: KOMOGIHOBaHa Teparttist
i3 3acTOCYBaHHSIM iHTIGITOPIB PB-aKTaMa3, 3aCTOCYBAHH
dbocdominuy Ta HiTpodypaHTOIHY, SKi 30€piraioTh BUCO-
Ky aKTUBHICTb IpoTH ypomnaToretis [30].

BaskamBoro sHaueHHs1 HaOyBa€ PO3BUTOK HEMEIMKa-
MEHTO3HMX MeTOiB Tpodisaktuku Ta JjikyBanus [CIIIL
Bukopucranug 1mpobioTHKiB, ditonpernaparis, 6akrepio-
(hari Ta iMyHOMORYIATOPIB MOXKe CTaTH ePeKTHBHUM JI0-
MOBHEHHSIM /10 Tpaauiliiiaoi antubiotukoreparii [30, 31].

BUCHOBKU
1. E. coli 3ammmiaernest ocHoBHUM 36yaaukoM [CIIT
(45% Bix ycix BUILJIEHNX MIKPOOPTaHi3MiB), TIPOTE CITO-
cTepiraeThCsl 3HWKEHHs 1i BiHOCHOI 4YacTku 3 56% y
2004 p. 10 50% y 2024 p. Ha T 3pocrants posi K. pneu-
moniae — 3 4% 10 25%.
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2. Cepen mrramis E. coli 30,1% meMOHCTPYIOTH pesuc-
TEHTHICTh ab0 MOMIPHY YYTJIMBICTh A0 aHTUOIOTHUKIB, IO
CTAHOBUTD 3HAYHY KJIHIUHY MTPOOIEMY.

3. Makcumambnuil piBeHb pesUCTEHTHOCTI 3adikcoBa-
Ho y 2020 p. (38%) i3 OMAIIBIINM 3HUKEHHSIM.

4. Haitsunty pesucrenTHicts E. coli ieMOHCTpYE /10 Te-
TpanukIiHiB (49%), B-makramunx aHTHGiOTHKIB (30,4%)
ta (hropxinosonis (28,1%). HaitedexrupHinmmn 3anuniia-
10ThCst aminoriko3uan (pesucrenthicts — 20,4%).

Ten: (097) 369-13-87

TEMMU

5. Cepen niedanocioprHiB HaiieeKTUBHIIIMM € 1ed-
Ti3oOKCHM 13 pesucreHTHicTiIoO 8% Ta uytausicTio 90,7%,
HafiMeHT eDeKTUBHNM — TedaleKCHH i3 Pe3SUCTEHTHICTIO
33,3% Ta uyrtamsicTio 48,9%. CrioctepiraeTbcs TPHBOXKHA
TEHJICHITS 10 3HIDKEHHS YyTJINBOCTI /10 IedasocnopuHiB

II-II1 mokosriHHS.

Koudmikr inTepeciB. ABTOpY MOBiIOMJISIIOTH TIPO Bijl-
CYTHICTb KOH(IIKTY iHTEpeciB.
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