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Changes in Antibiotic Resistance of Microorganisms Isolated from Urine Cultures Over the Years
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Abstract

Background: Inappropriate use of antimicrobial drugs for the treatment of urinary tract infections can lead
to antibiotic resistance. This study aimed to determine the distribution of UTI-causing bacteria isolated from
urine samples sent to our laboratory and their resistance rates to various antimicrobials.

Materials and Methods: In this retrospective study, urine culture samples from patients aged 18 years and
older, sent to the microbiology laboratory of a tertiary education and research hospital between January 2019
and July 2023, were examined. The distribution of pathogens detected in urine cultures, antibiotic resistance
rates, and antibiotic resistance patterns of E. coli and Klebsiella species over the years were investigated.
Results: A total of 2676 urine culture samples, sent to our laboratory, were included in the study. Gram-
negative pathogens were isolated in 1920 (71.7%) samples. The most frequently isolated pathogens were E.
coli, Klebsiella spp., and Enterococcus species. Among E. coli isolates, the antibiotics with the lowest resistance
rates were fosfomycin (4.3%), nitrofurantoin (4.8%), and amikacin (5.4%). Among Klebsiella spp. isolates, the
lowest resistance rates were observed for imipenem (35.4%), fosfomycin (40.4%), and gentamicin (47.4%).
From 2019 to 2023, an increasing resistance to trimethoprim/sulfamethoxazole, ertapenem, piperacillin-
tazobactam, and ciprofloxacin was observed in both E. coli and Kiebsiella spp. isolates.

Conclusions: For effective UTI treatment, accurate identification of pathogens, performing antibiotic
susceptibility testing, and effective surveillance at both hospital and provincial levels are necessary.
Keywords: Antimicrobial resistance, urinary tract infection, urine culture

Oz

Amag: Uriner sistem infeksiyonlarinin tedavisinde uygunsuz antimikrobiyal ilag kullamimi antibiyotik
direncine neden olabilmektedir. Bu calismada, laboratuvarimiza gonderilen idrar orneklerinden izole
edilen USI etkeni bakterilerin dagilim1 ve gesitli antimikrobiyallere kars1 direng oranlarinin tespit edilmesi
amacland.

Gere¢ ve Yontem: Bu retrospektif calismada, Ocak 2019-Temmuz 2023 yillar1 arasinda tigiincii basamak bir
egitim ve arastirma hastanesi mikrobiyoloji laboratuarina gonderilen 18 yas ve tizeri hastalarm idrar kiiltiir
ornekleri incelendi. Idrar kiiltiiriinde saptanan patojenlerin dagilimi, antibiyotik direng oranlar1 ve yillara
gore E. coli ve Klebsiella tiirleri igin antibiyotik diren¢ durumlari incelendi.

Bulgular: Laboratuvarimiza gonderilen idrar kiiltiirii numunelerinden 2676’s1 ¢alismaya dahil edildi. 1920
(%71.7) numunede Gram negatif patojen iiredi. Sirasiyla en sik E. coli, Klebsiella spp. ve enterokok tiirleri
saptandu. E. coli izolatlarinda direng oramu en diisiik antibiyotikler sirasiyla fosfomisin (%4.3), nitrofurantoin
(%4.8) ve amikasin (%5.4) olarak tespit edildi. Klebsiella spp. izolatlarinda ise en diisiik direng orani sirasiyla
imipenem (%35.4), fosfomisin (%40.4) ve gentamisin (%47.4) olarak bulundu. 2019'dan 2023'e kadar, E. coli ve
Klebsiella  spp. izolatlarinda trimetoprim/siilfametoksazol, ertapenem, piperasilin-tazobaktam ve
siprofloksasine kars1 artan bir direng gozlemlenmistir.

Sonug: Etkili bir USI tedavisi igin etkenlerinin dogru tamimlanmasi, antibiyotik duyarlilik testlerinin
yapilmasi, hastane ve iller diizeyinde efektif surveyanslarin yapilmasi gerekmektedir.

Anahtar Kelimeler: Antimikrobiyal direng, iiriner sistem infeksiyonu, idrar kiiltiirii
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Highlights

e This study demonstrated that microbial resistance to certain antibiotics has increased over the years.
e Empirical antimicrobial stewardship in urinary tract infections warrants precise selection
predicated upon institution-specific epidemiological and susceptibility data.

Introduction

Urinary tract infection (UTI) is one of the most common infections worldwide, caused by Gram-positive and Gram-
negative bacteria and occasionally some fungi (1). Although UTIs can occur in men and women of all ages, they are
more common in women (2). Although the exact number is unknown, current data suggest that over 150 million
people experience UTIs each year (3). Risk factors for UTIs include diabetes, obesity, urinary catheterization, poor
personal hygiene, sexual activity, vaginal infections, and genetic predisposition (4, 5). The uropathogens responsible
for UTIs include Escherichia coli, Klebsiella pneumoniae, Enterococcus species (spp.), Streptococcus agalactiae, Proteus
mirabilis, Pseudomonas aeruginosa, Acinetobacter baumannii, Staphylococcus spp., and Candida spp. Gram-negative
bacteria, in particular, are the most frequently identified causative agents of UTIs, which can lead to sepsis,
morbidity, and mortality in intensive care units (6).

Antimicrobial resistance is a growing global health problem and, as with all infections, poses challenges in UTI
treatment due to resistance to commonly used antibiotics. The development of antibiotic resistance among common
pathogens is associated with worldwide overuse of antibiotics, contributing to increasing difficulties in the empirical
treatment of UTIs. The American Society of Infectious Diseases (IDSA) recommends that physicians obtain local data
on antibiotic resistance rates of infectious agents in their hospitals and adapt empirical treatment of UTI pathogens
based on clinical, hospital, local, regional, and national surveillance data. Studies describing the distribution and
resistance of pathogenic bacteria causing UTIs are available in the literature (7-9). As in the rest of the world, the
emergence of antibiotic resistance among microorganisms is becoming increasingly significant in our country.
However, regional variations in the distribution and resistance profiles of microorganisms may occur. Therefore,
determining regional antibiotic resistance profiles and conducting regular surveillance is crucial for selecting
appropriate antibiotics for the effective treatment of UTIs (10). The aim of this study is to investigate the distribution
and antibiotic resistance patterns of pathogenic bacteria isolated from urine cultures at our hospital between 2019
and 2023, providing a reference for the rational use of antibiotics and guiding empirical antibiotic treatment based
on these data.

Material and Methods

The study included urine culture samples showing pathogenic bacterial growth, sent to the microbiology of our
hospital from various inpatient departments and intensive care units between January 2019 and July 2023. Data from
this study, conducted at a tertiary-level education and research hospital, were analyzed using the laboratory
information system. Patients aged 18 years and older with pathogenic growth in urine cultures were included.
Urogenital skin flora elements were considered contaminant. Data from patients under 18 years of age, cases with
polymicrobial growth, and contaminants were excluded. No distinction was made between community-acquired or
hospital-acquired etiologies of the pathogenic organisms. The microorganisms isolated from urine cultures and their
antimicrobial resistance profiles were retrospectively evaluated based on the collected data.

Quantitative analysis of urine samples was performed using a sterile inoculation loop on both blood agar and eosin
methylene blue (EMB) agar plates. The plates were then incubated in an aerobic environment at 37°C for 24 hours.
In samples with bacterial growth >10* CFU/ml, the number of colonies, the number of species, the presence of
leukocytes in the urine sample, and the patient's clinical condition were considered, and identification and antibiotic
susceptibility testing were also performed for lower-count microorganisms suspected to be causative agents.
Bacterial identification and susceptibility testing were conducted using traditional disk diffusion methods and the
automated VITEK 2 Compact system (bioMerieux, France). Antibiotic susceptibility results were interpreted
according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines (11).

Ethical approval
This study was conducted in accordance with the Declaration of Helsinki and institutional ethical guidelines. This

study was approved by the Non-Interventional Clinical Research Ethics Committee of Gaziantep Islam Science and
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Technology University (Date: February 26, 2024, Decision No: 374.35.06). Since this study was retrospective,
informed patient consent statement was not obtained.

Statistical Analysis

Descriptive statistics included mean (u) and standard deviation (sd) values for continuous variables; and number
(n) and percentage (%) values for categorical variables. For intergroup comparisons of categorical variables, the chi-
square test was used. Post-hoc chi-square analysis with Bonferroni correction was performed for multiple tables.
SPSS 26 (IBM SPSS Statistics for Windows, Ver 26.0. Armonk, NY: IBM Corp, USA) was used for the analyses. Results
were considered statistically significant at p<0.05.

Results
A total of 331 out of 3,007 urine culture samples were excluded because they did not meet the study criteria

(contamination or polymicrobial growth), and the remaining 2,676 urine culture samples that met the criteria were
included in the study. Of the samples, 1,279 (47.8%) were from male patients and 1,397 (52.2%) from female patients.
The mean age of the patients was 63.93 (+19.93) years. Among them, 1,551 (58%) patients were aged 65 and above,
and 1,125 (42%) were under 65 years. Of the samples, 1,670 (62.4%) were from intensive care unit patients, while
1,006 (37.6%) were from ward inpatients. 1,920 (71.7%) samples were identified as Gram-negative, 559 (20.9%) as
Gram-positive, and 197 (7.4%) as yeast. The species-level distribution of organisms identified in the urine cultures is

shown in Figure 1.
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Figure 1. Frequency distribution of organisms identified in urine cultures at the species level

The pathogens isolated in culture differed according to gender, age group, and the unit from which the sample was
obtained (p=0.000, p=0.000, p=0.000). Post hoc Chi-square analysis with Bonferroni correction (p<0.002) was
performed to identify the pathogens for these differences. E. coli was detected more frequently in females, whereas
P. aeruginosa, A. baumannii, Providencia spp., and coagulase-negative staphylococci were more frequently detected in
males. Among patients under 65 years of age, P. aeruginosa and A. baumannii were more commonly detected. While
E. coli growth was more prominent in ward patients, A. baumannii, Proteus spp., Providencia spp., and yeast were
significantly more frequent in intensive care unit (ICU) patients (Table 1).

Table 1. Frequency of pathogens isolated from urine cultures according to gender, age group and unit where the
sample was taken

Frequency (n, %) Gender Age groups Unit sampled
Female Male p 0-64 years 65 and over P ICU Ward P Total
inpatient
Klebsiella spp. 279 (52.9) | 248 (47.1) | 0.764 | 218 (41.4) 309 (58.6) 0.764 | 339 (64.3) 188 (35.7) 0317 | 527
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E.coli 512 (66.8) 255 (33.2) 0.000 302 (39.4) 465 (60.6) 0.071 | 366 (47.7) 401 (52.3) 0.000 767
Proteus spp. 81 (52.6) 73 (47.4) 0.920 59 (38.3) 95 (61.7) 0.317 114 (74) 40 (26) 0.001 154
P. aeruginosa 48 (35.3) 88 (64.7) 0.000 78 (57.4) 58 (42.6) 0.000 69 (50.7) 67 (49.3) 0.003 136
A. baumannii 39 (25) 117 (75) 0.000 85 (54.5) 71 (45.5) 0.001 | 127 (81.4) 29 (18.6) 0.000 156
Enterobacter spp. 23 (45.1) 28 (54.9) 0.317 25 (49) 26 (51) 0.317 25 (49) 26 (51) 0.045 51
Enterococcusspp. 224 (53.8) 192 (46.2) 0.483 150 (36.1) 266 (63.9) 0.006 283 (68) 133 (32) 0.009 416
Serratia marcescens 6 (37.5) 10 (62.5) 0.230 7 (43.8) 9 (56.3) 0.920 12 (75) 4 (25) 0.317 16
Providencia spp 14 (24.6) 43 (75.4) 0.000 34 (59.6) 23 (40.4) 0.006 53 (93) 4(7) 0.000 57
Citrobacter spp. 5 (55.6) 4 (44.4) 0.841 4 (44.4) 5 (55.6) 0.920 2(22.2) 7 (77.8) 0.012 9
Burkholderia spp. 1 (50) 1 (50) 0.841 0 (0) 2 (100) 0.071 2
Myroides spp. 11 (40.7) 16 (59.3) 0.230 12 (44.4) 15 (55.6) 0.764 26 (96.3) 1(3.7) 0.000 27
Morganella morganii 7 (43.8) 9 (56.3) 0.483 8 (50) 8 (50) 0.548 10 (62.5) 6 (37.5) 1 16
CNS 39 (37.1) 66 (62.9) 0.001 49 (46.7) 56 (53.3) 0.317 63 (60) 42 (40) 0.617 105
S.aureus 9 (29) 22 (71) 0.009 16 (51.6) 15 (48.4) 0.271 20 (64.5) 11 (35.5) 0.841 31
Streptococcus spp. 7 (100) 0 (0) 0.012 5(71.4) 2 (28.6) 0.109 1(14.3) 6 (85.7) 0.009 7
C.albicans 35 (51.5) 33 (48.5) 0.920 24 (35.3) 44 (64.7) 0.271 61 (89.7) 7 (10.3) 0.000 68
Non-albicans Candida 58 (45) 71 (55) 0.089 48 (37.2) 81 (62.8) 0.271 97 (75.2) 32 (24.8) 0.001 129
spp.

Stenotrophomonas 0(0) 2 (100) 0.230 2 (100) 0(0) 0.271 2
maltophilia

Abbreviations:CNS: coagulase-negative staphylococcus, n: number, ICU: intensive care unit

Significant differences were detected among the isolates over the past five years (p=0.000). Post hoc Chi-square
analysis with Bonferroni correction (p<0.0007) was performed to identify the pathogens responsible for these
differences. In 2019, E. coli and P. aeruginosa (p=0.000, p=0.000) were detected more frequently; in 2020, yeasts
(p=0.000, p=0.000); in 2021, A. baumannii (p=0.000); and in 2022, Enterococcus spp. (p=0.000) were more frequently
observed compared to other years. Additionally, Klebsiella spp. in 2021 (p=0.000), and P. aeruginosa and A. baumannii

in 2022 (p=0.000, p=0.000) were detected less frequently compared to other years (Table 2).

Table 2. Distribution of microorganisms isolated from urine cultures by year

Frequency (n, %) 2019 2020 2021 2022 2023
Klebsiella spp. 31 (14.2) 58 (18.3) 60 (13.8) 228 (21.2) | 150 (23.8)
E.coli 87 (39.7) 90 (28.4) 142 (32.6) | 284 (26.5) 164 (26)
Proteus spp. 9(4.1) 11 (3.5) 23 (5.3) 58 (5.4) 53 (8.4)
P. aeruginosa 25 (11.4) 22 (6.9) 16 (3.7) 35 (3.3) 38 (6)
A. baumannii 11 (5) 31 (9.8) 42 (9.6) 41 (3.8) 31 (4.9)
Enterobacter spp. 4 (1.8) 5(1.6) 6 (1.4) 23 (2.1) 13 (2.1)
Enterococcusspp. 20 (9.1) 38 (12) 54 (12.4) 205 (19.1) | 99 (15.7)
Serratia marcescens 5(2.3) 2 (0.6) 1(0.2) 6 (0.6) 2(0.3)
Providencia spp 1(0.5) 2 (0.6) 15 (3.4) 28 (2.6) 11 (1.7)
Citrobacter spp. 1(0.5) 0(0) 3(0.7) 3(0.3) 2 (0.3)
Burkholderia spp. 1(0.5) 1(0.3) 0 (0) 0 (0) 0 (0)
Myroides spp. 0(0) 0(0) 3(0.7) 19 (1.8) 5(0.8)
Morganella morganii 0(0) 1(0.3) 1(0.2) 13 (1.2) 1(0.2)
CNS 6(2.7) 6 (1.9) 28 (6.4) 46 (4.3) 19 (3)
S.aureus 3(1.4) 4 (1.3) 7 (1.6) 10 (0.9) 7 (1.1)
Streptococcus spp. 1(0.5) 1(0.3) 0(0) 3(0.3) 2(0.3)
C.albicans 2 (0.9) 17 (5.4) 14 (3.2) 30 (2.8) 5 (0.8)
Non-albicans Candida spp. 12 (5.5) 28 (8.8) 21 (4.8) 41 (3.8) 27 (4.3)
Stenotrophomonas maltophilia 0(0) 0(0) 0(0) 0 (0) 2(0.3)
Total 219 (100) 317 (100) 436 (100) 1073 (100) | 631 (100)

Abbreviations: CNS: coagulase-negative staphylococcus, n: number

Antibiotic Resistance Profiles

The resistance profiles of major Gram-negative, Gram-positive, and yeast isolates are shown in Tables 3, 4, and 5.
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Table 3. Antibiotic resistance rates of Gram-negative pathogens

Resistance (n/n, %) E.coli Klebsiella spp. Proteus spp. P. aeruginosa A. baumannii | Enterobacter spp.
Ampicillin 666/742 (89.8) 493/493 (100) 127/150 (84.7) 5/5 (100)
TMP-SXT 404/763 (52.9) 357/524 (68.1) 128/154 (83.1) 106/156 (67.9) 24/51 (47.1)
TZP 351/760 (46.2) 417/525 (79.4) 82/154 (53.2) | 70/131(53.4) | 144/148 (97.3) 29/50 (58)
Cefuroxime 598/738 (81) 438/493 (88.8) 105/149 (70.5) 16/20 (80)
Cefotaxime 203/601 (33.8) 338/439 (77) 75/127 (59.1) 43/43 (100)
Ceftazidime 558/763 (73.1) 456/525 (86.9) 100/154 (64.9) | 62/135(45.9) | 98/102 (96.1) 34/51 (66.7)
Ceftriaxone 491/639 (76.8) 364/417 (87.3) 87/121 (71.9) 29/39 (74.4)
Cefepime 237/348 (68.1) 275/313 (87.9) 57/82 (69.5) 56/112 (50) 21/28 (75)
Cefixime 538/687 (78.3) 377/434 (86.9) 97/142 (68.3) 39/42 (92.9)
Aztreonam 31/44 (70.5) 55/66 (83.3) 3/9 (33.3) 33/72 (45.8) 5/7 (71.4)
Ertapenem 130/740 (17.6) 347/492 (70.5) 73/150 (48.7) 21/47 (44.7)
Imipenem 40/459 (8.7) 98/277 (35.4) 44/78 (56.4) 43/93 (46.2) | 113/117 (96.6) 9/29 (31)
Meropenem 34/426 (8) 104/231 (45) 20/73 (27.4) 32/74 (43.2) 92/97 (94.8) 5/24 (20.8)
Amikacin 41/765 (5.4) 265/526 (50.4) 21/154 (13.6) 51/135 (37.8) 132/156 (84.6) 13/51 (25.5)
Gentamicin 178/745 (23.9) 234/494 (47 .4) 93/149 (62.4) 36/74 (48.6) 127/141 (90.1) 12/48 (25)
Ciprofloxacin 527/764 (69) 428/526 (81.4) 112/154 (72.7) 78/135 (57.8) 151/153 (98.7) 31/51 (60.8)
Tigecycline 8/79 (10.1) 14/33 (42.4) 4/4 (100) 12/95 (12.6) 2/4 (50)
Levofloxacin 16/25 (64) 25/36 (69.4) 4/4 (100) 35/56 (62.5) 72/74 (97.3) 4/4 (100)
Nitrofurantoin 33/686 (4.8) 309/434 (71.2) 141/142 (99.3) 11/42 (26.2)
Fosfomycin 18/415 (4.3) 86/213 (40.4) 9/72 (12.5) 8/22 (36.4)
Colistin 1/60 (1.7) 12/62 (19.4) 7/7 (100) 14/63 (22.2) 9/79 (11.4) 1/5 (20)

Abbreviations: n: number of resistant microorganisms, N: total number of microorganisms, TMP-SXT: trimethoprim-sulfamethoxazole, TZP:
piperacillin-tazobactam

Table 4. Antibiotic resistance rates of Gram-positive pathogens

Resistance (n/N, %) Enterococcus spp. | S.aureus CNS
Ampicillin 237/339 (69.9)

Oxacillin 13/21 (61.9) 67/74 (90.5)
Clindamycin 11/31 (35.5) 52/100 (52)
TMP-SXT 144/413 (34.9) 2/31 (6.5) 19/100 (19)
Gentamicin 1/14 (7.1) 14/40 (35)
Ciprofloxacin 85/115 (73.9) 2/14 (14.3) 24/40 (60)
Tigecycline 31/415 (7.5) 1/30 (3.3) 6/101 (5.9)
Levofloxacin 301/372 (80.9) 5/27 (18.5) 55/86 (64)
Nitrofurantoin 3/113 (2.7) 0/27 (0) 2/86 (2.3)
Fosfomycin 0/14 (0) 23/40 (57.5)
Linezolid 21/415 (5.1) 0/31 (0) 7/100 (7)
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Vancomycin 136/407 (33.4) 0/31 (0) 1/99 (1)
Teicoplanin 137/405 (33.8) | 5/29(17.2) | 11/42 (26.2)
Daptomycin 2/30 (6.7) 5/101 (5)
Tetracycline 9/31 (29) 66/100 (66)

Abbreviations: CNS: coagulase-negative staphylococcus, n: number of resistant microorganisms, N: total number of microorganisms, TMP-
SXT: Trimethoprim-sulfamethoxazole

Table 5. Antifungal resistance rates of yeasts

Resistance (n/N, %) C.albicans Non-albicans Candida spp.
Fluconazole 2/33 (6.1) 1/26 (3.8)
Voriconazole 2/33 (6.1) 0/21 (0)
Caspofungin 0/34 (0) 1/30 (3.3)
Flucytosine 1/28 (3.6) 2/28 (7.1)
Amphotericin B 2/28 (7.1) 0/22 (0)

Abbreviations: n: number of resistant microorganisms, N: total number of microorganisms

For the two most frequently detected pathogens (E. coli and Klebsiella spp.), resistance rates over the past five years

are presented in Figures 2 and 3. A general increase in resistance to selected antibiotics was observed in E. coli and
Klebsiella spp. from 2019 to 2023.

E. coli E. coli

Frequency %
Frequency %

2019 2020 2021 2022 2023 2019 2020 2021 2022 2023

Trimethoprim sulfamethoxazole Ertapenem

E. coli E. coli

Frequency %
Frequency %

a
2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Piperacillin tazobactam Gentamicin
E. coli E. coli

Frequency %
Frequency %

2019 2020 2021 2022 2023 2019 2020 2021 2022 2023

Ceftriaxone Ciprofloxacin

Figure 2. Resistance profile of Escherichia coli isolates to various antibiotics over the years
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Klebsiella spp. Klebsiella spp.

Frequency %
Frequency %

2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Trimethoprim sulfamethoxazole Ertapenem
Klebsiella spp. Klebsiella spp.

Frequency %
Frequency %

2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Piperacillin tazobactam Gentamicin
Klebsiella spp. Klebsiella spp.

Frequency %
Frequency %

2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Ceftriaxone Ciprofloxacin

Figure 3. Resistance profile of Klebsiella spp. isolates to various antibiotics over the years

Discussion

Urinary tract infections are among the most common bacterial infections in humans. These infections, ranging from
asymptomatic bacteriuria and cystitis to pyelonephritis and urosepsis, are major causes of morbidity and mortality,
particularly among hospitalized patients (12). In recent years, UTI-associated pathogens and their antimicrobial
resistance patterns have changed significantly worldwide. Pathogens causing UTIs and their antimicrobial resistance
profiles may vary by geographical region (4, 8). Literature review indicates that E. coli is the most frequently
identified pathogen causing UTIs, followed by Kliebsiella and Enterococcus spp. (7, 10, 13). In our study, consistent
with the literature, the most frequently isolated pathogen was E. coli (28.66%), followed by Klebsiella spp. (19.69%)
and Enterococcus spp. (15.55%). The majority of our isolates were Gram-negative (71.7%).

Although UTIs are more common in women, the incidence increases with age in both genders. In women,
postmenopausal vaginal prolapse and genitourinary atrophy increase vaginal pH, reducing the number of
Lactobacillus spp. in the normal flora and creating a favorable environment for the growth of Gram-negative bacteria
that cause UTIs (14, 15). In our study, 58% of isolates were from patients aged 65 years and older. UTI is the second
most common healthcare-associated infection in patients aged 265 years, following pneumonia, and is among the
leading causes of mortality. In a study by Shen et al., Gram-negative bacteria were the most frequently identified
pathogens among 7,295 geriatric patients. Patients with UTIs had longer hospital stays and higher healthcare costs
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(16). Another study from Spain demonstrated that hospital admissions due to infections increased with age (17).
Culture is the gold standard for the diagnosis of urinary tract infections. However, because culture and antibiogram
procedures are time-consuming, clinicians are advised to initiate empirical antibiotic treatment (9). Many studies
have evaluated the antibiotic resistance profiles of E. coli strains, which are the most frequently identified UTI
pathogens. In a national study including 5,547 isolates, resistance rates were reported as 42.9% for ciprofloxacin,
42.6% for trimethoprim/sulfamethoxazole (TMP-SXT), 24.7% for gentamicin, 16.2% for piperacillin-tazobactam
(TZP), and 2.5% for imipenem/meropenem (18). In another study conducted in our country, resistance rates were
reported as 0.6% for amikacin, 1.6% for imipenem, 2.4% for meropenem, 75.8% for ampicillin, 49.2% for ceftriaxone,
and 49% for TMP-SXT (19). In a study by Samlioglu et al. that evaluated 10 years of patient data, ciprofloxacin
resistance rates in E. coli were reported to range between 25-40%, and TMP-SXT resistance rates between 35-51%
(10). In a study from China analyzing 2,110 E. coli isolates, resistance rates were 76.2% for ampicillin, 58.9% for
ciprofloxacin, 51.4% for levofloxacin, 44.3% for TMP-SXT, 0.8% for imipenem, and 0.7% for meropenem (7). In a
study conducted in Shanghai from 2018 to 2020 analyzing 1,786 isolates, resistance rates for E. coli were reported as
3.4-10% for TZP, 58-72.9% for ciprofloxacin, 53.1-60.5% for ceftriaxone, 35.1-36.7% for gentamicin, 4.8-9.1% for
ertapenem, and 1.8-5.1% for imipenem on a yearly basis. Furthermore, yearly resistance to TZP and ciprofloxacin
increased significantly over the study period (p<0.05) (20). In the study by Avcikiigiik et al., the highest resistance
rates were observed for ampicillin (54.8%) and TMP-SXT (28.9% and 27.9%), whereas the most susceptible antibiotics
were imipenem and meropenem (13). According to data from the Central Asia and Eastern European Surveillance
of Antimicrobial Resistance (CAESAR) Network and the European Antimicrobial Resistance Surveillance Network
(EARS-Net), fluoroquinolone resistance in E. coli strains in our country exceed 50%, resistance to third-generation
cephalosporins (cefotaxime, ceftriaxone, ceftazidime) was 50.2%, and carbapenem (imipenem, meropenem)
resistance was 4.7% (21). Although the antimicrobial resistance rates of E. coli in our study were consistent with the
literature for some antibiotics, they were generally higher than previously reported. Specifially, resistance to TMP-
SXT, TZP, ertapenem, gentamicin, ceftriaxone, and ciprofloxacin increased in 2023 compared to 2019.

Klebsiella spp. are the second most frequently detected causative agents of UTIs, after E. coli. Studies have reported
higher antimicrobial resistance rates in Klebsiella spp. compared to E. Coli (7, 22, 23). In a study by Samlioglu et al.,
ciprofloxacin resistance in Klebsiella spp. ranged between 17-43%, and TMP-SXT resistence rates between 31-43%
(10). Previous studies have reported lower resistance rates to quinolones, TMP-SXT, and carbapenems in Klebsiella
spp- (24). However, recent studies have reported increasing carbapenem resistance rates. In a study from China
analyzing 408 Klebsiella pneumoniae isolates, resistance rates to imipenem and meropenem were 7.1% and 7.4%,
respectively (7). In a study conducted in our country evaluating 427 Klebsiella spp. isolates, the lowest resistance
was detected against imipenem (9%), amikacin (10.2%), meropenem (12.4%), and fosfomycin (23.8%), while the
highest resistance was found against ampicillin (100%), ceftriaxone (61.2%), and cefepime (57.8%). In another study,
the lowest resistance rates were observed colistin (29.6%) and amikacin (30.2%), whereas the highest was for
ampicillin (94.9%) (25). In a study by Doganay et al., 423 Klebsiella pneumoniae isolates were analyzed, and resistance
rates to ampicillin, ceftriaxone, amikacin, ciprofloxacin, ertapenem, imipenem, and meropenem were reported as
100%, 83%, 79%, 73%, 25%, and 70%, respectively (26). The literatiire includes studies reporting both higher and
lower carbapenem resistance rates compared to our study (27, 28). According to the 2023 reports from CAESAR and
EARS-Net, resistance in Klebsiella spp. from invasive isolates was reported as 75.4% for third-generation
cephalosporins (cefotaxime, ceftriaxone, ceftazidime) and 49.1% for carbapenems (imipenem, meropenem) (21). In
our study, it was observed that there was an increase in resistance over the years to TMP-SXT, ciprofloxacin,
ceftriaxone, gentamicin, TZP, and carbapenems.

Study limitations

There were some limitations in our study. First, infections were not classified as community-acquired or hospital-
acquired; second, data on patients’ comorbidities, surgical history, catheter status, and length of hospital stay were
not specified; third, the study was conducted at a single-center.

Conclusion

In conclusion, consistent with previous studies, our study found that the most commonly isolated bacteria in UTIs
were E. coli and Klebsiella spp. We observed a proportional increase in resistance rates for E. coli and Klebsiella spp.,
the two most frequently detected microorganisms over the years. It is well recognized that UTI pathogens and
antibiotic resistance rates vary according to centers. We hope that by determining their own data, each center will
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contribute to surveillance studies at the hospital, provincial, national, and global levels.
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