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Abstract. Urinary tract infections (UTIs) are among the most common bacterial
infections, and the increasing antimicrobial resistance of uropathogens progressively limits
the options for empirical therapy. The aim of this study was to determine the spectrum of
bacteria causing UTIs in outpatients of City Clinical Hospital No. 1 (Tashkent, Uzbekistan)
and to evaluate their susceptibility to commonly used antibiotics. Sixty urine samples from
patients with clinically diagnosed UTI and significant bacteriuria (>10°> CFU/mL) were
cultured, and the isolates were identified by MALDI-TOF mass spectrometry. The
susceptibility of the predominant isolates to ten antibiotics belonging to seven classes was
determined by the disc diffusion method. Women accounted for 56.7% of the patients, and
the mean age was 38.82 + 15.3 years. Gram-positive and Gram-negative bacteria represented
52% and 48% of the isolates, respectively. Escherichia coli (43%) was the most frequent
uropathogen, followed by Staphylococcus haemolyticus (35%) and Staphylococcus aureus
(10%). None of the tested isolates produced an inhibition zone with oxacillin or ampicillin,
and most were resistant to piperacillin and co-trimoxazole, whereas tetracycline produced
inhibition zones against all isolates. The S. aureus, Enterococcus faecalis and Klebsiella
pneumoniae isolates showed no inhibition by agents of three or more antimicrobial classes,
consistent with a multidrug-resistant phenotype. These results suggest that resistance to
commonly used antibiotics is frequent among uropathogens in this clinical setting and
support the use of urine culture and susceptibility testing before treatment.

Keywords: urinary tract infection, uropathogens, antimicrobial resistance, multidrug
resistance, Escherichia coli, Staphylococcus haemolyticus, disc diffusion method.
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Annotatsiya. Siydik yo‘llari infeksiyalari (SYI) eng ko‘p uchraydigan bakterial
infeksiyalardan biri bo‘lib, uropatogenlarning antimikrob vositalarga chidamliligining ortib
borishi empirik davolash imkoniyatlarini tobora cheklamoqda. Tadgigotning magsadi
Toshkent shahar 1-sonli klinik shifoxonasi (O‘zbekiston) ambulator bemorlarida SYI
go‘zg‘atuvchi bakteriyalar tarkibini aniglash va ularning keng qo‘llaniladigan antibiotiklarga
sezgirligini baholashdan iborat. Klinik jihatdan SYI tashxisi qo‘yilgan va sezilarli
bakteriuriyasi (>10° KHB/ml) bo‘lgan bemorlardan olingan 60 ta siydik namunasi ekildi,
ajratilgan izolyatlar MALDI-TOF mass-spektrometriya usulida identifikatsiya gilindi. Asosiy
izolyatlarning yetti sinfga mansub o‘nta antibiotikka sezgirligi disk-diffuziya usulida
aniqlandi. Bemorlarning 56,7 %ini ayollar tashkil etdi, o‘rtacha yosh 38,82 + 15,3 yilni

tashkil qildi. Izolyatlarning 52 %i grammusbat va 48 %1 grammanfiy bo’lgan bakteriyalar
aniglandi. Eng ko‘p uchragan uropatogen Escherichia coli (43 %) bo‘lib, undan keyin
Staphylococcus haemolyticus (35 %) va Staphylococcus aureus (10 %) gayd etildi.
Tekshirilgan izolyatlarning hech biri oksatsillin va ampitsillin atrofida o‘sishni to‘xtatish
zonasini hosil gilmadi, ularning aksariyati piperatsillin va ko-trimoksazolga chidamli bo‘ldi,
tetratsiklin esa barcha izolyatlarga nisbatan o‘sishni to‘xtatish zonasini hosil qildi. S. aureus,
Enterococcus faecalis va Klebsiella pneumoniae izolyatlari uch va undan ortig antimikrob
sinf vakillariga nisbatan zona hosil gilmadi, bu ko‘p dori vositalariga chidamli fenotipga mos
keladi. Olingan natijalar ushbu klinikada uropatogenlar orasida keng qo‘llaniladigan
antibiotiklarga chidamlilik tez-tez uchrashini ko‘rsatadi va davolashdan oldin siydik ekmasi
hamda antibiotiklarga sezgirlikni aniglash magsadga muvofigligini tasdiglaydi.

Kalit so‘zlar: siydik yo‘llari infeksiyasi, uropatogenlar, antimikrob chidamlilik, ko‘p
dori vositalariga chidamlilik, Escherichia coli, Staphylococcus haemolyticus, disk-diffuziya
usuli.

Annoramusi. Mudexknun moueBbiBogsmmx mnyrert (MMII) otHocsaTcs k HauOosee
pacnpocTpaH€HHBIM  OakTepUaNIbHBIM  HMH(PEKIMSIM, a  pacTylias aHTUMHUKPOOHas
PE3UCTEHTHOCTh ypPOMATOT€HOB BCE OOJIBbIIIE OTPAHUYMBAET BO3MOXKHOCTH SMITUPUUYECKOMN
tepanuu. llenpio uccnemoBanust ObUIO ompeneneHue crekrtpa Bo3Oynuteneit UMII y
aMOyJIaTOpHbIX TanueHToB ['opojackoit kinuHuveckod OonbHULBL Ne 1 (TamkeHr,
V30ekucTaH) U OIeHKa MX YYBCTBUTEJIBHOCTH K IIMPOKO MPUMEHSIEMBIM aHTUOMOTHKAM.
[IpoBenén moceB 60 06pa3loB MOYM MAIUEHTOB C KIMHUYECKH YCTAHOBJICHHBIM JIMarHO30M
VMII u 3HaumMoii  Gakrepmypmeit (=10° KOE/Mi);  BBIICIHCHHBIC  H3ONSTHI
uneHtudumporansl  MetogqoM MALDI-TOF wmacc-ciektpomerpuu. YUyBCTBUTEITHHOCTh
peo0IaarouX HM30JATOB K JCCATH AaHTUOMOTHKAM CEMH KJIACCOB OIPEACIISIA JUCKO-
muddy3rnonHbM MeTooM. JKEeHIMHBI cocTaBwiM 56,7 % TanMeHTOB, CpEeIHUI BO3pacT —
38,82 £+ 15,3 rona. I'paMIioI0KUTENIbHBIE U TPaMOTPUIIATEIbHBIE OakTepuu cocTaBmin 52 %
u 48 % wu3onaToB cooTBeTcTBeHHO. Hanbosnee yacteiM ypomaroreHoM Obiia Escherichia coli
(43 %), 3a Heit caenoBanm Staphylococcus haemolyticus (35 %) u Staphylococcus aureus (10
%). Hu onuH U3 MCCIeIOBAaHHBIX U30JIATOB HE 00Pa30BBIBAI 30HY 3aJEPKKH POCTa BOKPYT
JUCKOB C OKCAIIWJUIMHOM ¥ aMIUIWUIMHOM, OOJBIIUHCTBO OBUIM YCTOWYHMBBI K
MUTIEPAIMIUTNHY U KO-TPUMOKCA30JTy, TOT/Ia KaK TETPALUKIMH 00pa30BbIBAJ 30HBI 3aJI€PIKKU
pocra y Bcex usoistoB. M3omater S. aureus, Enterococcus faecalis u Klebsiella pneumoniae
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He 0O0pa3oBbIBAIM 30H 33JEpKKM poOcTa K Ipenaparam Tpé€x M Oojiee KIJIACCOB, YTO
COOTBETCTBYET (PEHOTUITY MHOKECTBEHHOH JIEKapCTBEHHON ycTOW4YMBOCTU. llomydeHHBIE

pe3yJIbTaThl YKA3bIBAIOT HA YaCTYI0 YCTOMYMBOCTH YPOIATOT€HOB K IIMPOKO MPUMEHSIEMBIM
AHTHOMOTHUKAM B JaHHOM s1e4yeOHOM YUpCKIACHHU MW IIOATBCPIKAAIOT HGJICCOO6p8,3HOCTB
IMIoCCBa MOYHU M OIIPCACICHUA YYBCTBUTCIIBHOCTHU K AHTUOMOTHUKAM J0 Ha4daJia JICUCHUA.

KuaroueBble cJIoBa: I/IH(i)eKHI/I}I MOUYEBBIBOIAIIINX HYTeﬁ, YPOIIATOI'CHEI,
aHTI/IMI/IKpO6Ha$I PE3UCTCHTHOCTD, MHO>KCCTBCHHAas JICKAapCTBCHHA YCTOP'I‘IHBOCTB,
Escherichia coli, Staphylococcus haemolyticus, nucko-audy3nOHHBIH METOI.

INTRODUCTION. Urinary tract infection (UT]I) is one of the most common bacterial
infections, second only to respiratory tract infections. Global estimates indicate that more
than 400 million UTI cases occur each year, and the disease burden has continued to grow
over the last three decades [1]. UTIs are more frequent in women, children and the elderly;
approximately one in two women and one in twenty men experience at least one episode
during their lifetime. According to the affected part of the urinary system, UTlIs are classified
as urethritis, cystitis and pyelonephritis [2]. Most infections are caused by bacteria of
intestinal origin that ascend from the periurethral region to the bladder and, in complicated
cases, to the kidneys [3].

The principal causative agents of UTIs are Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis, Enterococcus spp. and Staphylococcus spp., including S. saprophyticus
and other coagulase-negative staphylococci [3]. Because antibiotics are usually prescribed
empirically, often before the results of urine culture are available or without culture at all,
uropathogens are continuously exposed to selective pressure. As a result, resistance to -
lactams, fluoroquinolones and sulfonamides has become widespread, and recurrent infections
respond progressively worse to repeated courses of antibiotics.

Antimicrobial resistance (AMR) is now recognized as one of the leading threats to
public health. In 2019, bacterial AMR was directly responsible for an estimated 1.27 million
deaths worldwide [4], and several typical uropathogens, including third-generation
cephalosporin-resistant Enterobacterales and methicillin-resistant S. aureus, are listed by the
World Health Organization as priority pathogens [5]. In many healthcare settings, diagnosis
and treatment of UTIs still proceed without culture and susceptibility testing [6], although the
aetiology of UTIs and the susceptibility of uropathogens change over time and differ
considerably between countries and regions [7-9]. For this reason, international guidelines
recommend that empirical therapy be chosen according to local resistance data; for example,
co-trimoxazole should be used empirically for uncomplicated cystitis only where local
resistance of uropathogens is below 20% [10].

Data on the aetiological structure and resistance patterns of uropathogens in
Uzbekistan remain limited. Therefore, the aim of the present study was to determine the
spectrum of bacteria causing UTlIs in outpatients of City Clinical Hospital No. 1 (Tashkent)
and to evaluate the susceptibility of the predominant isolates to antibiotics commonly used in
clinical practice.

MATERIALS AND METHODS
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Study Design and Patients. This cross-sectional study included 60 urine samples
collected in 2024 from febrile male and female patients with clinical signs of UTI who
attended the outpatient departments of City Clinical Hospital No. 1 (Tashkent, Uzbekistan).
The diagnosis was confirmed by significant bacteriuria, defined as the presence of a single
uropathogen at >10° CFU/mL in suprapubic aspirated or catheterized urine. Demographic
and clinical data (sex, age, medical history and vital signs) were recorded using a structured
questionnaire on the patient’s arrival.

Culture and Identification of Uropathogens. Urine samples were cultured on
Mueller—Hinton agar (HiMedia, India) and incubated under aerobic conditions at 35-37 °C
for 18-24 h. Colonies were subcultured to obtain pure cultures, and bacterial identification
was performed by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS).

Antimicrobial Susceptibility Testing. The susceptibility of isolates of the six
predominant species (S. haemolyticus, E. faecalis, E. coli, S. aureus, K. pneumoniae and S.
epidermidis) was determined by the disc diffusion method on Mueller—Hinton agar [11]. Ten
antibiotics belonging to seven classes and frequently used in clinical practice were tested
(HiMedia, India): cefoperazone/sulbactam (30 pg), penicillin G (10 U), oxacillin (10 pg),
piperacillin (30 pg), ampicillin (10 pg), rifampicin (5 pg), ciprofloxacin (5 pg),
chloramphenicol (5 pg), tetracycline (30 pg) and co-trimoxazole (30 pg). After incubation at
37 °C for 18-24 h, the diameter of the growth inhibition zone was measured in millimetres.
The complete absence of an inhibition zone was recorded as resistance (R). All tests were
performed in triplicate. An isolate showing no inhibition by at least one agent in three or
more antimicrobial classes was considered to have a multidrug-resistant (MDR) phenotype
[12]. Part of the susceptibility data was previously reported in a study of the antagonistic
activity of Lactobacillus strains against uropathogens [13].

Statistical Analysis. Descriptive statistics were used for data analysis. The prevalence
of each uropathogen and of antimicrobial resistance was calculated as the proportion of
positive results in the study sample. Data were analysed using SPSS software; Student’s t-
test and cross-tabulation were used for comparisons, and p < 0.05 was considered statistically
significant.

RESULTS

Characteristics of Patients. A total of 60 urine samples were collected from the
outpatient departments of City Clinical Hospital No. 1 (Tashkent), and all of them (100%)
showed significant bacteriuria. Of the 60 patients, 34 (56.7%) were women and 26 (43.3%)
were men (Table 1). The mean age (= SD) of the patients was 38.82 = 15.3 years.

Table 1. Distribution of UTI cases by sex among outpatients of City Clinical
Hospital No. 1, Tashkent (2024)

Sex Number of patients (n) Frequency (%)

Male 26 43.3
Female 34 56.7
Total 60 100.0

1875




Qo‘qon DPI. Iimiy xabarlar 2026-yil 9-son A seriya

Distribution of Uropathogens. UTlIs in the study population were caused by both
Gram-positive and Gram-negative bacteria [14]. Gram-positive bacteria accounted for 52%
and Gram-negative bacteria for 48% of all isolates (Table 2). E. coli was the most frequently
isolated uropathogen (43%), followed by S. haemolyticus (35%) and S. aureus (10%). S.
epidermidis accounted for 3% of isolates; E. faecalis, E. faecium, K. pneumoniae and P.
aeruginosa for 2% each; and P. mirabilis for 1%. Overall, 56.2% of the isolates were
recovered from men and 43.8% from women. P. mirabilis and P. aeruginosa were isolated
only from male patients.

Table 2
Distribution of bacteria causing UTI (%o of clinical isolates)
Microorganism Overall, % Male, % Female, %
Gram-positive bacteria 52.0 28.0 24.0
Staphylococcus epidermidis 3.0 1.5 15
Staphylococcus haemolyticus 35.0 20.0 15.0
Staphylococcus aureus 10.0 5.0 5.0
Enterococcus faecalis 2.0 0.5 15
Enterococcus faecium 2.0 1.0 1.0
Gram-negative bacteria 48.0 28.2 19.8
Escherichia coli 43.0 25.0 18.0
Klebsiella pneumoniae 2.0 0.2 1.8
Proteus mirabilis 1.0 1.0 0
Pseudomonas aeruginosa 2.0 2.0 0
Total 100.0 56.2 43.8

Antimicrobial Susceptibility of Uropathogens. The results of disc diffusion testing
are presented in Table 3 and summarized in Figure 1. None of the six tested isolates
produced an inhibition zone around oxacillin or ampicillin discs, and five of six were not
inhibited by piperacillin. Co-trimoxazole produced no inhibition zone against E. coli, K.
pneumoniae, S. aureus and E. faecalis, while only narrow zones (8-10 mm) were observed
for S. haemolyticus and S. epidermidis. In contrast, tetracycline produced inhibition zones
(10-17 mm) against all isolates, and rifampicin was active against all isolates except S.
aureus.

Among Gram-negative bacteria, E. coli and K. pneumoniae were resistant to oxacillin,
ampicillin, piperacillin and co-trimoxazole; K. pneumoniae was additionally resistant to
ciprofloxacin, and only a narrow inhibition zone was observed for E. coli (8 mm). Among
Gram-positive bacteria, all three staphylococcal species (S. haemolyticus, S. aureus and S.
epidermidis) were resistant to cefoperazone/sulbactam as well as to oxacillin, ampicillin and
piperacillin. S. aureus showed the broadest resistance, with no inhibition zone for 8 of the 10
antibiotics, including rifampicin, chloramphenicol and co-trimoxazole. E. faecalis was
resistant to B-lactams (oxacillin and ampicillin), ciprofloxacin, chloramphenicol and co-
trimoxazole. Thus, the S. aureus (five classes), E. faecalis (four classes) and K. pneumoniae
(three classes) isolates showed an MDR phenotype.
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Table 3
In vitro susceptibility of uropathogens to antibiotics (diameter of growth
inhibition zone, mm)

No. Antibiotic Class | Disc S. E. E. S. K. S.
conten | haem | faecalis | coli | aureu | pneu | epide
t o- S mo- r-
lyticu niae | midis
S
1 | Cefoperazone/ I 30 ug R 14 13 R 14 R
sulbactam
2 | Penicillin G I 10U 18 22 23 R 22 R
3 | Oxacillin I 10 pg R R R R R R
4 | Piperacillin I 30 ug R 11 R R R R
5 | Ampicillin I 10 pg R R R R R R
6 | Rifampicin Il Sug 12 25 16 R 17 12
7 | Ciprofloxacin v 5ug 16 R 8 16 R 10
8 | Chloramphenic VvV 5ug 6 R 10 R 10 25
ol
9 | Tetracycline VI 30 pg 16 12 12 17 12 10
10 | Co-trimoxazole | VII 30 pg 8 R R R R 10
Note: R — resistant (no growth inhibition zone). Antibiotic classes: | — cephalosporin/p-
lactamase inhibitor combination; Il — penicillins (B-lactams); 111 — ansamycins (rifamycins);

IV — fluoroquinolones; V — amphenicols; VI — tetracyclines; VII — sulfonamide/trimethoprim
combination.

S. aureus (G+) 8/10

E. faecalis (G+)

K. pneumoniae (G—)
S. epidermidis (G+)
S. haemolyticus (G+)

E. coli (G-)

0 2 4 6 8 10
Number of antibiotics with no inhibition zone (out of 10)

Figure 1. Number of antibiotics (out of 10) that produced no growth inhibition zone
against each uropathogen isolate (G+ — Gram-positive; G— — Gram-negative).

DISCUSSION

The present study showed that E. coli remains the leading cause of UTIs among
outpatients in Tashkent, which is consistent with data from other regions of the world [3,7,9].
At the same time, the proportion of Gram-positive bacteria (52%) was higher than is usually
reported for community-acquired UTIs, mainly because of the high frequency of S.
haemolyticus (35%). Coagulase-negative staphylococci are increasingly recognized as
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opportunistic uropathogens, particularly in patients with predisposing conditions, and their
high antibiotic resistance and ability to form biofilms contribute to their pathogenicity and
make the infections difficult to treat [15,16]. Nevertheless, because coagulase-negative
staphylococci are also common skin commensals, their clinical significance should always be
interpreted together with the clinical picture and the colony count.

A key finding of this study is the uniform absence of inhibition zones around oxacillin
and ampicillin discs. For Gram-negative bacteria, resistance to oxacillin and penicillin-type
agents is largely intrinsic, and K. pneumoniae is naturally resistant to ampicillin [17].
However, the resistance of E. coli and K. pneumoniae to piperacillin and co-trimoxazole
reflects acquired resistance and is clinically relevant. Since co-trimoxazole should be used
for empirical therapy only where local resistance is below 20% [10], our results suggest that
this drug should not be prescribed empirically for UTIs in this setting without susceptibility
testing. The resistance of K. pneumoniae and E. faecalis to ciprofloxacin, and the narrow
inhibition zone observed for E. coli, also argue against the empirical use of fluoroguinolones.

Among Gram-positive isolates, the absence of inhibition zones with oxacillin in all
three staphylococcal species, together with resistance to cefoperazone/sulbactam, suggests
methicillin resistance. Methicillin-resistant staphylococci are resistant to almost all B-lactam
antibiotics, which considerably narrows the treatment options [5,15]. The S. aureus isolate
was resistant to agents of five antimicrobial classes, including rifampicin, and the E. faecalis
isolate to agents of four classes, confirming that MDR bacteria can pose considerable
treatment challenges even in outpatients. Tetracycline retained activity against all isolates,
although its clinical role in UTI treatment is limited.

The high resistance levels observed in this study are most likely associated with the
widespread empirical and often non-judicious use of antibiotics, including self-medication,
which is common when culture and susceptibility testing are not performed [6,8].

This study has several limitations. It was conducted in a single centre with a relatively
small number of samples, and susceptibility testing was performed on one isolate of each
predominant species. Zone diameters were not interpreted using CLSI or EUCAST clinical
breakpoints, minimum inhibitory concentrations were not determined, and the production of
extended-spectrum B-lactamases and the presence of the mecA gene were not investigated.
Larger multicentre studies using standardized interpretive criteria and molecular methods are
needed to characterize the resistance mechanisms of uropathogens in Uzbekistan.

CONCLUSION

E. coli, S. haemolyticus and S. aureus were the predominant causative agents of UTIs
among outpatients of City Clinical Hospital No. 1 in Tashkent. The tested uropathogens
showed high resistance to penicillins (oxacillin, ampicillin and piperacillin) and co-
trimoxazole, and the S. aureus, E. faecalis and K. pneumoniae isolates exhibited an MDR
phenotype. These results suggest that resistance to commonly used antibiotics is frequent
among uropathogens in this clinical setting. Whenever possible, the choice of antibiotic
should be guided by urine culture and susceptibility testing, and larger studies are needed to
assess the resistance situation across Tashkent.
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