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Abstract. Microbiological profile and antimicrobial susceptibility of bacteria associated with urinary tract
infections in Ukrainian adults. Barannik K.S., Ishchenko O.V., Duka R.V., Molchanov R.M., Stepanskyi D.O. The
aim of the study was to analyse the microbial profile of the urinary tract infections (UTlIs) due to urolithiases and to study
susceptibility to antibiotics in its causative agents. The main method of the research was bacteriological. Antimicrobial
susceptibility testing was conducted by serial microdilution assay in accordance with recommendations of the European
committee on antimicrobial susceptibility testing (EUCAST). For present study 128 unique urine samples were collected
Jfrom patients with UTlIs associated with urolithiasis. Among all collected specimens, 78% (n=100) gave clinically signi-
ficant growth. Among all examined participants, §8.9% of women (64/72) and 64.3% of men (36/56) had confirmed UTI;
in the study, female/male ratio was 1.4 (x2=9.76, p<0.05). Microorganisms identified in our study predominantly belon-
ged to Bacteria (93.4%), and yeasts of Candida genus comprised only 6.6%. Among all, 66.1% were representatives of
Enterobacterales (n=80), particularly, Escherichia coli (38.0%), Klebsiella oxytoca (15.7%), Klebsiella pneumoniae
(2.5%), Enterobacter cloacae (5.8%), Proteus mirabilis (4.1%). Isolates of Pseudomonas aeruginosa comprised 3.3%.
Among gram-positive isolates, Staphylococcus spp. (14.1%) and Enterococcus spp. (9.9%) were identified. Regarding
female/male distribution, the biggest proportion of gram-positive bacteria were isolated from women, statistically
significant results were obtained for sex distribution of S. saprophyticus (p<0.05). Antimicrobial susceptibility of
Enterobacterales was variable, and the best results were obtained for carbapenems, novel antibiotics (cefiderocol,
ceftolozane-tazobactam and ceftazidime-avibactam), aminoglycosides and tigecycline. There were 9 isolates with pro-
duction of carbapenemases and resistant to all relevant f-lactam antibiotics. All isolated Staphylococcus spp. were [3-
lactamase producers, one isolate of S. saprophyticus demonstrated methicillin-resistance. To summarise, there is an
ongoing outbreak of multidrug-resistant infections in Ukraine and causative agents of UTIs are among the most important
contributors. Availability of data on the local antimicrobial susceptibility profile may guide the informed decision making
in etiotropic treatment, therefore, contribute to global efforts in rational drug use and fight the resistance escalation.

Pedepar. MikpoOGionoriunmii npogine Ta aHTHMiKpoOHa 4YyTJIMBiCTH OakTepiil, MoB’si3aHMX 3 iHdexkHigMH
CeYOBHMBIAHUX HLIAXiB y gopocaux ykpainmie. bapannik K.C., Imenko O.B., [lyka P.B., Moxuanos P.M.,
Crenancbkuii [1.0. Memoro docnidoicentsi 0y10 guguumu MikpoOHul npo@inb 30YOHUKIE IHDEKYIll ceuo8UBIOHUX ULTAXI6
Ha ¢oni yponimiazy (ICBLL) ma ix uymausicms 00 anmubiomuxie. OCHOBHUM MemOO0OM 00CHiONCeHHs 6)8 bakmepio-
JoeiuHull. Bushnauenns uymaueocmi 00 aHmMubiomuKie npoBOOUIU MemoooM MIKpOCepiHuX po3gedens. s ybo2o
Odocaidacents oOyno 3iopano 128 ynikanenux 3paskie ceui 6i0 nayienmie 3 ICBLL na ¢oni ceyoxam auoi xeopoou. Cepeo
ycix sibpanux 3pasxie 78% (n=100) nokazanu kniniuno snawywuii picm. Cepeo ycix y4acHuKie HCinKu 3 1a00pamopHo
niomeepoocenumu ICBII cmanosunu 88,9% (64/72), a uonosixu — 64,3% (36/56), cniggionowienns 3a cmammio cma-
noeuno 1,4 (x2=9.76; p<0.05). Buasneni namu Mikpoopzanismu nepeeadxicno Haaedxcaiu 0o 6akmepii (93,4%), a
Opiorcorci pody Candida cmanosunu muute 6,6%. Ceped ompumanux izonsmis 66, 1% cmanosunu npedcmasHuKu nopsioKy
Enterobacterales (n=80), 3oxpema Escherichia coli (38,0%), Klebsiella oxytoca (15,7%), Klebsiella pneumoniae (2,5%),
Enterobacter cloacae (5,8%), Proteus mirabilis (4,1%). I30n1amu Pseudomonas aeruginosa cmanosunu 3,3%. I pamno-
3umueni i3o1amu Oyau ioenmugpixosani sik Staphylococcus spp. (14,1%) ma Enterococcus spp. (9,9%). Ilpu nopieusinni
PO3n00iny 30YOHUKIE 3a CIAMmIo GUAGNICHO, W0 HAIOLIbIUA YACTNKA 2PAMNOZUMUSHUX bakmepill byna sudiiena came 6i0
JICIHOK;, CIAMUCMUYHO 3HAYYWI pe3yabmamu 3a po3nooiiom 3a cmammio ompumano ous S. saprophyticus (p<0,05).
Yymaugicme Enterobacterales oo ammubiomuxie 6yna pisHow, i Haukpawji pesyiemamu Oyiu Ompumawni 07s
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Kapbanenemis, HOGIMHIX anmubiomukie (yegioepoxon, yegpmonozan-mazobaxmam i yepmasuoum-asioaxmam), ami-
HO2NKO3Udi8 I matieeyukiiny. Y nawomy oocnioxcenni eusgneno 9 npooyyenmis kapbanenemas, pe3ucmenmuux 00 6cix
8I0N0BIOHUX P-nakmamuux anmubiomuxis. Yci kynemypu Staphylococcus spp. 6yau npodyyenmamu p-naxmamas, 0OUH 3
izonamig S. saprophyticus 6y memuyunin-pezucmenmuum. 11i06o0suu niocymox, eapmo 3aznHayumu, wo 6 YKpaiui
mpueae cnanax iHpexyil, BUKTUKAHUX MYTbmupesucmesmuumu 30yonuxamu, 1 emionoziuni acenmu ICBILI sidieparoms
saxcaugy poiv. Jlaui w000 JOKATbHO20 NPOQIin0 yymaugocmi 00 AHMUMIKDOOHUX Npenapamié OONOMONCYMb Y
NPULHAMMI 00TPYHMOBAHO20 PileHH U000 emiomponHO20 NiKYBAHHS, A OMdice, CHPUSIMUMYMb 2L00ATbHUM 3V CUTLIAM
w000 PayioHaIbHO20 BUKOPUCIAHHS TIKI6 A 60pombOU 3 eCKANAYIEr pe3ucmeHmHOCHA.

Problem of urinary tract infections (UTIs) is
constantly growing in the world and also in Ukraine
[1]. UTIs have significant importance for public
health and every year more than 150 million people
are affected. From the economic point of view, its
burden was estimated to be about $6 billion world-
wide each year [2]. The second to the respiratory tract
infections, UTIs remain one of the most common
infectious diseases. Furthermore, UTIs are among the
most common causes of sepsis presenting in hospitals
[3]. The problem is escalated by the global growth of
antimicrobial resistance (AMR). In 2019 in Ukraine,
there were 8.4 and 31.5 thousand deaths attributable
and directly associated with AMR, respectively [4].
Pathophysiology of chronic UTIs is complicated by
biofilm-formation, subsequent contributing to the
resistance maintenance and dissemination [5]. Treat-
ment of UTIs implies empirical administration of
antibacterial drugs, and the choice should consider
the local data of antibiotic resistance patterns [6].

The aim of the study was to analyze the microbial
profile of UTIs associated with urolithiases and to study
susceptibility to antibiotics in its causative agents.

MATERIALS AND METHODS OF RESEARCH

The study was conducted in the cooperation of the
department of surgery No. 1 and urology and the de-
partment of microbiology, virology, immunology,
epidemiology and medico-biological physics and
informatics of the Dnipro State Medical University
from January 2023 to December 2023. Systematic
sampling technique was employed. The inclusion
criteria: patients with calcium urolithiasis compli-
cated by urinary tract infections (UTI) and the ab-
sence of other chronic illnesses or pregnancy. Among
these patients, there were 56 males and 72 females.
The age of the patients ranged from 25 to 65 years,
with an average age of 45 years. Patients enrolled in
the study were trained to collect a midstream urine in
the sterile container [7]. From a patient only one
sample was taken for microbiological study.

The research work was approved by the Bioethics
Committee of the Dnipro State Medical University
protocol No. 3, of 16.11.2022 and was conducted in
accordance with the written consent of the partici-
pants and in accordance with the principles of
bioethics set forth in the Helsinki Declaration
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“Ethical Principles of Medical Research Involving
Humans” and the “General Declaration on bioethics
and human rights (UNESCO)".

The main method of the research was bacterio-
logical. Collected urine extempore was inoculated on a
set of growth mediums. For isolation of gram-negative
non-fastidious bacteria, we used MacConkey agar; for
selective isolation and fast identification of staphy-
lococci, correspondent chromogenic agar was used; for
selective isolation of fungi, we used Sabouraud dex-
trose agar with chloramphenicol. For non-selective
cultivation, assessment of haemolytic activity and
isolation of fastidious bacteria, blood agar with 5%
sheep blood was used. The inoculated plates were in-
cubated in thermostat for 24-48 h at 37°C aerobically.
The quantitative evaluation of the bacteriuria was done
using calibrated loop technique (10 pL) giving a count
of bacteria and yeasts above a threshold of about 10?
CFU/mL of urine. When bacteriuria comprised >10*
CFU/mL, UTI was confirmed [7].

For differentiation of gram-negative bacteria
growing on MacConkey agar we used Hugh-Leifson
medium and oxidase test. On the further steps of
microbial identification, a set of biochemical tests
from API 20E, and API 20NE was used for Entero-
bacterales and Pseudomonas, respectively. Bacteria
were tested for B-galactosidase activity; hydrolysis of
L-arginine, urease, gelatine, esculin; production of
lysine decarboxylase, ornithine decarboxylase, tryp-
tophan deaminase, H,S, indole, acetoin; Simmon's
citrate utilization; fermentation of D-glucose, D-
mannite, inositol, sorbitol, L-rhamnose, D-saccharose,
D-melibiose, amygdaline, L-arabinose. Gram-positive
cocci were tested for their ability to produce catalase,
plasma coagulase, deoxyribonuclease, ornithine decar-
boxylase, pyrrolidinyl arylamidase; capacity to
coagulase mannitol, split esculin, urease; novobiocin
and bacitracin sensitivity; haemolytic characteristics.

Antimicrobial susceptibility testing was conducted
by serial microdilution assay in accordance with the
EUCAST recommendations with supplements and
updates [8, 9, 10]. Escherichia coli ATCC 25922, Sta-
phylococcus aureus ATCC 29213 and Pseudomonas
aeruginosa ATCC 27853 were used for quality control.

The Microsoft Office Excel 2010® with customi-
zations was used for statistical data processing
(version 14.0.7265.5000, license No. 02278-581-
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0218935-38456). Categorical variables are expressed
as percentages and were compared by the 2 two-
tailed test. Incidence proportions of pooled com-
binations and probabilities were calculated, which
established the corresponding 95% confidence inter-
vals and the p-values <0.05. The Kruskal-Wallis’s
test was used for multiplying comparisons of quan-
titative data; found differences further were assessed
by the Mann-Whitney U-test. The results of the expe-
riments were statistically significant at p<0.05 [11].

RESULTS AND DISCUSSION

For the present study 128 urine samples were
collected. Among all participants, there were
72 female and 56 male specimens. There were 28
negative samples, therefore, 78% (n=100) gave clini-
cally significant growth. Among all examined parti-
cipants, 88.9% of women (64/72) and 64.3% of men
(36/56) had confirmed UTI; in the study, female/male
ratio was 1.4 (32=9.76; p<0.05). Among all, 21 speci-
mens harboured mixed culture.

The list of pathogens causing UTIs associated with
urolithiasis in Ukrainian adults is given in the Figure 1.
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Microorganisms identified in our study predomi-
nantly belonged to Bacteria (93.4%); yeasts of Can-
dida genus comprised only 6.6%. Among all, 66.1%
was occupied by representatives of Enterobacterales
(n=80), particularly, E. coli (38.0%), K. oxytoca
(15.7%), K. pneumoniae (2.5%), E. cloacae (5.8%),
P. mirabilis (4.1%). Isolates of P. aeruginosa
comprised 3.3%. Among gram-positive isolates,
Staphylococcus spp. (14.1%) and Enterococcus spp.
(9.9%) were identified. Staphylococcus spp. was
represented by Staphylococcus saprophyticus (n=9)
and S. aureus (n=8). There were isolates of Ente-
rococcus faecalis among Enterococcus spp. The-
refore, gram-positive bacteria comprised 24.0%.
Regarding female/male distribution, the biggest
proportion of gram-positive bacteria were isolated
from women, 14/17 of Staphylococcus spp. and
10/12 of Enterococcus spp. The most C. albicans
also was isolated from women, 6/8. Usually, mixed
culture contained association with C. albicans (8/8)
or S. aureus (7/11).

Gender

Males

u Klebsiella pneumoniae
H Pseudomonas aeruginosa

u Enterococcus faecalis

Fig. 1. Etiological profile of UTIs associated with in urolithiasis
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Although rough differences in relative quantities,
statistically significant results were registered
only in female/male distribution of S. saprophyticus
(x2=3.98; p<0.05).

Antimicrobial susceptibility testing was con-
ducted for all bacteria isolated from patients with UTI
and gave growth >10* CFU/mL. Antimicrobial sus-

ceptibility of Enterobacterales was variable, and the
best results were obtained for carbapenems, novel
antibiotics (cefiderocol, ceftolozane-tazobactam and
ceftazidime-avibactam), aminoglycosides and tige-
cycline. Patterns of antimicrobial susceptibility of
Enterobacterales is demonstrated in the Figure 2.
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Name of antibiotics

AMP-Ampicillin, A/S-Ampicillin-sulbactam, AMC-Amoxicillin-clavulanic acid, PI-Piperacillin, P/T-Piperacillin-tazobactam, TCC-Ticarcillin-
clavulanic acid, TEM-Temocillin, CZ-Cefazolin, CFB-Ceftibuten, CFM-Cefepime, CTX-Cefotaxime, CZA-Ceftazidime, CAZ-Ceftazidime-
Avibactam, FDC-Cefiderocol, C/T-Ceftolozane-Tazobactam, CRO-Ceftriaxone, CFX-Cefuroxime, IMP-Imipenem, MRP-Meropenem, ERT-
Ertapenem, DOR-Doripenem, AZT-Aztreonam, CIP-Ciprofloxacin, LEV-Levofloxacin, MOX-Moxifloxacin, OFL-Ofloxacin, AK-Amikacin, GEN-
Gentamicin, TOB-Tobramycin, SXT-Trimethoprim-sulfamethoxazole, TGC-Tigecycline, FOS-Fosfomysin).

Fig. 2. Antimicrobial susceptibility of enterobacteria associated with UTI in Ukrainian adults

Susceptibility to penicillins comprised 12.5-88.5%
with the lowest results for ampicillin and temocillin
and the highest indexes for clavulanic acid combi-
nations. Susceptibility to cephalosporins was between
25.0-100.0%, with the best results for the III and IV
generation cephalosporins and novel antibiotics.
According to results of the antimicrobial susceptibility
testing, there were 9 isolates with production of
carbapenemases and resistant to all relevant B-lactam
antibiotics. Also, such cultures demonstrated multi-
drug-resistance profile and remain non-susceptible to
fluoroquinolones, aminoglycosides, fosfomycin and
trimethoprim-sulfamethoxazole. All isolates were
collected from patients already exposed to several
courses of antimicrobial treatment. Multidrug-resistant
K. oxytoca is demonstrated on the Figure 3.

Antimicrobial susceptibility of Enterobacterales to
fluoroquinolones was found to be 50.0-60.3%. Suscep-
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tibility to aminoglycosides was 88.8-93.8%. Also,
there were 88.8% isolates carrying sensitivity to fos-
fomycin. However, resistance to trimethoprim-sulfa-
methoxazole was high and comprised 71%. All tested
isolates were susceptible to tigecycline and colistin.

All isolated Staphylococcus spp. were p-
lactamase producers according to the test with
benzylpenicillin or ampicillin. Among six tested,
one isolate of S. saprophyticus demonstrated me-
thicillin-resistance. Susceptibility to screening with
norfloxacin comprised 3/6, however, resistant
isolates tested susceptible to other fluoroquino-
lones. Susceptibility to screening with erythro-
mycin was 2/6. Similar poor results also were found
for trimethoprim-sulfamethoxazole. Susceptibility
to aminoglycosides and nitrofurantoin (S. sap-
rophyticus) was found to be 100%.

Ha ymosax niyensii CC BY 4.0
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Fig. 3. Multidrug-resistant K. oxytoca. Antimicrobial susceptibility testing
by the disc-diffusion method, Muller-Hinton agar, 18 hours

Antimicrobial susceptibility testing of Entero-
coccus spp. revealed that 8/12 tested isolates were
non-susceptible to ampicillin, therefore, harboured
resistance to ampicillin, amoxicillin, piperacillin
with and without inhibitors. Such isolates also
demonstrated non-susceptibility to gentamycin
(indicates presence of high-level aminoglycosides
resistance) and fluoroquinolones. All isolates tested
susceptible to imipenem, vancomycin, tigecycline,
linezolid and nitrofurantoin.

In this paper we discuss microbial spectrum of
UTIs, and antimicrobial profile of bacteria related to
infectious-inflammatory processes in the urinary tract
with the background of urolithiasis. The main
advantage of our study is sample size and systematic
sampling approach of a chosen category of patients
allowing us to evaluate microbial profile. Results
describing the meaning of gram-negative bacteria is
of special importance because depict the local profile
of antimicrobial susceptibility. Our study provides

24/Tom XXIX/1

important new insights into the implications of
antimicrobial treatment in complicated UTIs. Here
we provide data on susceptibility to the novel anti-
biotics, in particular, cefiderocol, ceftazidime-avi-
bactam and ceftolozane-tazobactam in cultured
uropathogens. Even though increasing resistance
rates in urinary isolates have been already published
[12, 13, 14], Ukrainian data still needs to be extended.
Our study complements the knowledge regarding the
global trends of antimicrobial resistance.

In our study women occupied bigger proportion in
comparison to men. The features of the female ana-
tomy of urinary system predisposes to higher pre-
valence among this category. In the analytic domestic
study, it was also found that morbidity and prevalence
of chronic cystitis among the female population of
Ukraine is more then 3 times higher then in male and
is constantly growing [1]. Furthermore, the same
figures on the age-sex UTIs rate were shown in the
worldwide report and their data emphasize affection
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of low- and middle-income countries [15]. In fact, the
problem is not limited to the prevalence of patho-
logical condition, but it is escalated by associated
factors, in particular, antimicrobial resistance. There-
fore, microbiological study is of special importance
in chronic, recurrent and difficulty treated UTIs.

In our study, the main bacteria contributing to UTIs
associated with urolithiasis were E. coli and
K. oxytoca. These bacteria were equally distributed
among men and women and, usually, they were
isolated as monoculture, indicating the significance of
the agents in infectious-inflammatory process. There
were also some sex differences. Bacteria like S. sap-
rophyticus, most Enterococcus and Candida fungi
were found exactly in female samples. The meaning of
C. albicans in pathogenesis of UTI is debatable,
however, its presence in co-culture may either con-
tribute to diseases severity or indicates local micro-
biota disturbances in adults with complicated UTI [16].

Antimicrobial resistance is of concern across the
world and has been recognized as a rapidly growing
challenge for the modern medical practice [1, 4, 17].
In our study, there were Enterobacterales resistant to
the most clinically relevant antibiotics, including
carbapenems, fluoroquinolones and aminoglyco-
sides. In the prospective multicentre cohort study,
which participants were pregnant Ukrainian women
with UTIs, significant proportion of the main
causative agents of UTIs (E. coli, K. pneumoniae,
P. mirabilis, P. aeruginosa) were also found to be
multidrug resistant [18]. Although here we didn't
study genetic background of antimicrobial resistance,
according to tests with meropenem and/or imipenem,
carbapenemase producers were revealed. Even
though other isolates were susceptible to carba-
penems, they expressed extended-spectrum -lacta-
mases and demonstrated resistance to the III gene-
ration cephalosporins. The problem is existence of
resistance genes coded in plasmids and the risk of
horizontal genes transfer in hospital and, sub-

sequently, community sittings. Even more, simul-
taneous co-existence of other resistance mechanisms
has also been documented [19, 20, 21]. It was shown
in armed conflict on Ukrainian territory, patients of
the domestic military hospitals harboured the same
bacterial clones as our civilians who have fled to
Germany and other European countries since the
beginning of the ongoing war [22, 23, 24, 25].

CONCLUSIONS

1. There is an ongoing outbreak of multidrug-
resistant infections in Ukraine, and causative agents
of urinary tract infections are among the most
important contributors.

2. Antimicrobial resistance is emerging problem
and several ways have been proposed to impede its
growth. Chronic infections are known to be asso-
ciated with biofilm-formation and approaches for
their eradications may require administration of
multi-targeted compounds or their combination.
Availability of data on the local antimicrobial sus-
ceptibility profile may guide the informed decision
making in etiotropic treatment, therefore, contribute
to global efforts in rational drug use and fight the
resistance escalation.
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