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Abstract
Background: Pathogen spectrum and antibiotic susceptibility patterns vary in different regions and should consider the empirical treat-
ment of urinary tract infections (UTIs). Information on susceptibility is the basis for providing reliable treatment. This study aimed to de-
termine the antibiotic susceptibility of bacteria isolated from urine cultures at Çukurova State Hospital, which is located south of Turkey
and east of the Mediterranean region.
Materials andmethods:Urine culture results were retrospectively evaluated betweenApril 2018 and January 2021. Variables, such as
age, sex, and medical department, were also recorded. Inclusion criteria were patients aged at least 18 years with pathogenic bacterial
growth in their urine cultures. Antibiotic susceptibility testing and bacterial identification were performed using the VITEK 2 automated
system.
Results: Of 12,288 urine samples, 2033 (16.5%) had pathogenic growth. The rates of bacterial and yeast growth were 93.3% and
6.7%, respectively. Gram-negative pathogens constituted 91.6% of the cohort. The most prevalent bacteria were Escherichia coli with
a 66% rate, followed byKlebsiella (14.2%). According to our results, ciprofloxacin, trimethoprim-sulfamethoxazole, and ampicillin are not
suitable for empirical treatment of UTIs, whereas nitrofurantoin and fosfomycin are rational options.
Conclusions: Uropathogens exhibit an increased resistance rate against ampicillin, trimethoprim-sulfamethoxazole, and ciprofloxacin.
Nitrofurantoin, fosfomycin, and ceftazidime have better efficacy than other investigated antibiotics in urine culture against common
uropathogens and are suitable for empirical treatment of UTI.
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1. Introduction

Urinary tract infections (UTIs) are one of the most common bacte-
rial infections, with approximately 150million to 250million cases
reported globally per year.[1] The annual cost of UTI-related hospi-
talization has reached US $9.7 billion by 2011 in the United
States.[2] The presentation of UTIs can vary from simple cystitis
to serious urosepsis, whereas the pathogen spectrum fluctuates, es-
pecially with geographical location.[3] Appropriate antibiotics with
reliable efficacy are crucial for treating UTIs.[4]

Epidemiological information about uropathogens and their sus-
ceptibility rates is essential for determining empirical antibiotic
treatment.[5] The primary obstacle to delivering a successful empir-
ical treatment for UTI is the antibiotic resistance (AR) of the bacte-
ria. Antibiotic resistance is the ability of bacteria to parry the effect
of antibiotic agents and can differ from natural to acquired or clin-
ical resistance.[6] Other factors contributing to AR includemisdiag-
nosis, improper prescription or use of antibiotics, and poor patient
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compliance.[7] Resistance surveillance programs should be imple-
mented to select a suitable regimen.[8]

Data published on the prevalence and susceptibility of uropathogens
in Turkey are limited. In addition, local and updated data are not
available for the Adana region. Therefore, this study aimed to ret-
rospectively evaluate the spectrum and antibiotic susceptibility
patterns of pathogens isolated from urine cultures at Çukurova
State Hospital, which is located in southern Turkey and east of
the Mediterranean region.
2. Materials and methods

We retrospectively reviewed the urine culture results obtained from
the Microbiology Department between April 2018 and January
2021. The demographic characteristics of the patients were col-
lected from hospital records.

A standard loopful of each urine sample (10 μL) was dispensed
onto blood agar and eosin methylene blue agar medium and incu-
bated at 37 °C for 24 hours. A significant bacterial growth of ≥105

colony-forming units/mL was considered. The clinical microbiolo-
gist evaluated the plates and categorized them according to Gram
staining findings or as yeast. Bacterial identification and suscepti-
bility tests were performed using the VITEK 2 automated system
(bioMerieux, Marcy-l'Étoile, France).

The inclusion criteria of the study were as follows: age at least
18 years, with urine cultures performed at our laboratory, and patho-
genic growth on culture results. The exclusion criteriawere as follows:
fungal infections, anaerobic bacterial infections, polymicrobial
growth, growth of nonpathogenic microorganisms, and no growth

mailto:drcanerbaran@hotmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 2

Rate of uropathogens in different department settings.

Pathogen Outpatient, % Inpatient, % ICU, % Total, %

Escherichia coli 57.8 3.1 5.1 66
ESBL (−) 62.7 25 31.3
ESBL (+) 37.3 75 68.7

Klebsiella species 10 0.7 3.5 14.2
ESBL (−) 48.1 59 42.9
ESBL (+) 51.9 41 57.1

Enterococcus species 2.1 0.5 1.9 4.5
Proteus species 2.9 0.2 0.4 3.6
Pseudomonas species 1.2 0.6 1.3 3.1
Staphylococcus species 2.0 0.0 0.3 2.3
Enterobacter species 1.6 0.1 0.3 2.1
Streptococcus species 1.5 0.0 0.0 1.5
Acinetobacter species 0.5 0.2 0.4 1.1
Providencia species 0.1 0.1 0.9 1.1
Others 0.3 0.0 0.2 0.5
Gram staining
Gram (−) 74.4 5.1 12.2 91.6
Gram (+) 5.6 0.5 2.2 8.4

Total 80 5.6 14.4 100

ESBL = extended-spectrum β-lactamase; ICU = intensive care unit.
Escherichia coli is the most prevalent bacteria in all department settings.

Table 3

Rate of uropathogens in different age groups.
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in urine culture. Commonuropathogens and antibiotic susceptibility
were studied according to patient sex, age group, outpatient/
inpatient or intensive care unit (ICU) settings, Gram staining, and
extended-spectrum β-lactamase (ESBL) status of the detected
pathogens.
The distributions are summarized using frequencies. Independent-

sample t test, analysis of variance, Mann-WhitneyU test, andχ2 test
were used to investigate the association between continuous and cat-
egorical variables, as appropriate. Statistical significance was set at
p < 0.05. Data analysis was performed using SPSS version 21.0
(IBM Corp, Armonk, NY).
This study was performed in accordance with the principles of

the Declaration of Helsinki and was approved by the Adana City
Hospital Institutional Review Board (approval date: October 3,
2021, no. 1319).

3. Results

A total of 12,288 urine cultures were performed at our hospital be-
tween April 2018 and January 2021, since our center started pro-
viding health services in April 2018. It is one of the four state hos-
pitals in Adana city and is located in the southern part of Turkey.
Adana city is located in the northeastern coast of theMediterranean
Sea and has a population ofmore than 1.5million. According to our
results, over 3 years, therewere 2033, 1896 (93.3%), and 137 (6.7%)
pathogenic, bacterial, and yeast growths, respectively. Cultures that
yielded yeast growth were excluded from the analysis. In addi-
tion, we excluded 198 results from the analysis owing to pa-
tients aged <18 years. The final cohort consisted of 1698 urine
culture results.
The mean age of the entire cohort was 55.6±19.2 years. There

was female predominance (77.8%) in the entire cohort; however,
the gap between the female and male patients rate was narrowing
from outpatient to ICU settings. In outpatient, inpatient, and ICU
settings, 81.7%, 68.4%, and 60.1% of the patients were women,
respectively. In addition, females were significantly younger than
males, and the mean age increased in both sexes from outpatient
to ICU settings (p < 0.001) (Table 1). Most of the specimens were
collected from the outpatient clinics (80%). Intensive care unit pa-
tients were older than those in the other departments (Table 1).
Statistical analysis revealed that Gram-negative pathogens con-

stituted 91.6% of the cohort, and the most prevalent bacteria were
Escherichia coli (with a rate of 66%), followed byKlebsiella (14.2%).
The ESBL (+)E. coli andKlebsiella strain rateswere 42.2%and 50%,
respectively. The distributions of the pathogens according to sex, age,
ESBL status, and clinic are presented in Tables 2, 3, and 4.
Table 5 summarizes the resistance rates of the bacteria to com-

mon antibiotics. Ampicillin had the highest overall resistance rate
Table 1

Comparison of patients according to demographic variables.

n = 1698 Mean (SD) age, yr p

Sex <0.001*
Female 1321 (77.8%) 53.5 (19.1)
Male 377 (22.2%) 62.9 (17.9)

Department <0.001†

Outpatient 1359 (80.0%) 51.2 (17.7)
Inpatient 95 (5.6%) 66.5 (15.3)
Intensive care unit 244 (14.4%) 75.4 (19.2)

Statistically significant differences are observed between sexes and departments in terms of age.
*t test.
†Analysis of variance.

181
(64.6%),whereas imipenem (8.2%) had the lowest. The usual suspect
of urine cultures,E. coli, was resistant to ampicillin, colistin, tigecyc-
line, netilmicin, and trimethoprim-sulfamethoxazole (TMP-SMX)
at rates of 60.6%, 46.4%, 42.4%, 38.5%, and 37.6% respectively,
starting from the highest.
4. Discussion

This retrospective analysis of urine cultures revealed that there
were 2033 (16.5%) positive growth in urine cultures, whereas
137 (6.7%) of themwere yeast. According to our inclusion criteria,
1698 cultures performed at our secondary center showed varied resis-
tance rates.Escherichia coliwas themost common pathogen in all de-
partments. Female patients who presented to the outpatient clinic be-
tween 18 and 65 years of age constituted the majority of the cohort.
A similar positive urine culture rate (16.7%) was reported by

Al-Naqshbandi et al.[9] in Erbil, Iraq. The authors stated that E. coli
was the most common pathogen in their cohort. The distribution
of pathogens according to Gram staining was comparable to our
Pathogen 18–65 yr, % >65 yr, % Total, %

Escherichia coli 47.6 18.4 66
Klebsiella species 7.7 6.5 14.2
Enterococcus species 2.0 2.5 4.5
Proteus species 2.2 1.4 3.6
Pseudomonas species 1.2 1.9 3.1
Staphylococcus species 1.9 0.4 2.3
Enterobacter species 1.4 0.6 2.1
Streptococcus species 1.3 0.2 1.5
Acinetobacter species 0.5 0.6 1.1
Providencia species 0.3 0.8 1.1
Others 0.1 0.6 0.7
Total 66.1 33.9 100

Escherichia coli is the most prevalent bacteria in all age groups.
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Table 4

Rate of uropathogens in both sexes.

Pathogen Female, % Male, % Total, %

Escherichia coli 55.1 10.9 66
Klebsiella species 10.1 4.1 14.2
Enterococcus species 2.2 2.4 4.5
Proteus species 2.7 0.9 3.6
Pseudomonas species 1.5 1.6 3.1
Staphylococcus species 1.7 0.6 2.3
Enterobacter species 1.3 0.8 2.1
Streptococcus species 1.5 0.0 1.5
Acinetobacter species 0.8 0.4 1.1
Providencia species 0.6 0.4 1.1
Others 0.3 0.2 0.5
Total 77.8 22.2 100

Escherichia coli is the most prevalent bacteria in female patients; however, Enterococcus and Pseudomo-
nas species are more common in males than in females.
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results. Their center is geographically close to our region, which
can explain why we obtained similar results in terms of isolated
pathogens.However, their results showedonly themicrobiological out-
comes without any demographic data, such as age, sex, or the medical
department of the patient. In this study, we presented the distribu-
tion of pathogens in terms of these demographic variables as well.

Studies in the literature have repeatedly confirmed that female
sex is a risk factor for UTI.[1,10,11] It has been shown that the inci-
dence of UTIs between female and male patients decreases with in-
creasing age.[12] Seifu and Gebissa[13] reported a 71.7% female pre-
dominance in their study and concluded that female sex increased
the risk of UTI by almost fourfold. Our results were compatible with
the literature findings that 77.8% of the positive urine cultures
belonged to female patients.[13]

According to our results, the three most common bacteria in
women were E. coli, Klebsiella species, and Proteus species. The or-
der of common pathogens in males was E. coli, Klebsiella species,
and Enterococcus species (Table 4). Caskurlu et al.[14] from our
country reported comparable results with the present study find-
ings, in that the first and second common pathogens were the same
for both sexes. However, they stated that the third most common
pathogens in urine cultures were Enterococcus species in females
and Pseudomonas in males. In addition, various authors have re-
ported similar results that the common pathogens for urine cul-
tures were E. coli, Klebsiella species, Proteus species, and Entero-
bacter species.[15,16] Identifying the most common pathogens in
urine cultures will increase the likelihood of success of empirical
treatment. According to our results, which are in agreement with
the literature findings, E. coli and Klebsiella species were the most
commonly isolated pathogens in both sexes in urine cultures.

The European Association of Urology Urological Infections
Guidelines cited that E. coli is the most common cause of UTIs.[17]

In the empirical treatment of UTI, guidelines suggest that consider-
ing local susceptibility rates is of paramount importance.[17] In ad-
dition, 20% to 50% of prescribed antibiotics in acute care hospi-
tals are either unnecessary or inappropriate.[18] During UTI treat-
ment, significant geographical variations in the susceptibility of
uropathogens should also be considered. There is no exact rate of
resistance to antibiotics to be used for empirical treatment. If the lo-
cal resistance rates for TMP-SMX and ciprofloxacin are >20%
and >10%, respectively, choosing an alternative antibiotic is rec-
ommended according to expert opinion in the literature.[19] All fac-
tors that could affect the success of UTI treatment should be con-
sidered by clinicians.
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In this study, evaluation of the antibiotic susceptibility of E. coli
showed that the highest resistance was against ampicillin (60.6%),
whereas the lowest was against imipenem (3.5%). The resistance
rates of E. coli against commonly prescribed drugs, such as cipro-
floxacin, TMP-SMX, cefuroxime axetil, and ceftriaxone, were
high. Cefoxitin, fosfomycin, and nitrofurantoin seemed to have a
better effect onE. coli than commonly prescribed drugs. According
to our cohort, ertapenem, imipenem,meropenem, piperacillin, and
vancomycinwere robust alternative options (Table 5). Yılmaz et al.[20]

reported a similar resistance pattern for E. coli against various an-
tibiotics, such as ampicillin (66.9%), cefazolin (42%), cefuroxime
(36.9%), ceftazidime (14.9%), ceftriaxone (28%), cefepime (12%),
and amoxicillin-clavulanic acid (36.9%). In another study from our
country, Caskurlu et al.[14] suggested fosfomycin as an empirical
treatment for outpatients with early-stage UTIs and the use of cefe-
pime in parenteral treatment. Although our data support the use
of fosfomycin in the empirical treatment of UTI, there was a high re-
sistance rate to cefepime (33.1%), contrary to the findings of both
Yılmaz et al.[20] and Caskurlu et al.[14] Our data showed that
cefoxitin had a lower resistance rate (3.9%) and is a better choice
for the treatment of UTI caused by E. coli.

Klebsiella species is the second most common pathogen in urine
culture results. The resistance rates of Klebsiella species against the
commonly prescribed antibiotics, such as ampicillin (94.6%), cip-
rofloxacin (41.3%), TMP-SMX (62.7%), nitrofurantoin (35.9%), ce-
fepime (41%), and ceftriaxone (41.4%), are high. Further, our data
revealed that the rate ofKlebsiella species is relatively high in patients
older than 65 years and in ICU patients (Tables 2 and 3). Similar
resistance rates were highlighted by Hrbacek et al.,[21] reflecting
Central Europe results in a 9-year period. According to our results,
amoxicillin, cefoxitin, gentamicin, and carbapenems are effective
in the treatment of UTI caused by Klebsiella species.

The rate of ESBL is another issue to consider in the treatment of
UTIs.A recent study fromour country reported that theESBL (+)E. coli
rates were 50.5% and 38.2% in hospital- and community-acquired
UTIs.[22] Another multicenter study fromChina reported 37.2% ESBL
(+) rates, with a comparable uropathogen distribution to our results.[23]

The rate of ESBL is a growing concern that should be considered during
UTI treatment.

Enterococcus species, Proteus species, and Pseudomonas species
are other common pathogens found in urine cultures. Our data
showed that Enterococcus species were susceptible to ampicillin,
cefoxitin, and ceftazidime. However, resistance rates for ciproflox-
acin, fosfomycin, amikacin, and gentamicin were high. Proteus
species, known as typical nosocomial pathogens, are intrinsically
resistant to nitrofurantoin and colistin and have decreased suscep-
tibility to imipenem.[24] The high resistance rates of Proteus species
against the antibiotics used in the empirical treatment of UTI sug-
gest that obtaining a urine culture and antibiogram is themain step
in the treatment of UTI caused by Proteus species. For the treat-
ment of UTI caused by Pseudomonas species, our data suggest
the use of aminoglycosides or carbapenems.

Another emerging problem is the effect of theCOVID-19pandemic
on the increase in antimicrobial resistance due to broad-spectrum an-
tibiotic use.[25] Well-designed studies are needed to compare the spec-
trum and susceptibility of uropathogens during the pandemic and
prepandemic eras.

Our data showed that the resistance rates of uropathogens to
commonly prescribed antibiotics were remarkably high. Similar
high resistance rates, especially for E. coli, have been reported by
other studies in our country.[14,20,26] These results emphasize the
importance of antibiotic stewardship programs. Since the national
surveillance and infection control programs started in Turkey in
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2005, health care-associated infection rates have declined over the
past 10 years.[27] However, individual reports have shown varia-
tions in the regional antibiotic susceptibility rates. Clinicians
should consider international guidelines and local AR rates, espe-
cially in the empirical treatment of UTI. According to our cohort,
ciprofloxacin, TMP-SMX, and ampicillin are not suitable for em-
pirical treatment of UTIs, whereas nitrofurantoin and fosfomycin
are rational options.

This study has some limitations. The retrospective design, single-
center results, and limited serving area of the center, which may
have caused restricted geographic sampling, were drawbacks. In
addition, limited clinical information about the patients, lack of
better categorization of the bacterial spectrum in clinical settings,
and inability to compare with other hospitals were other limita-
tions. Our results reflect a restricted part of the population and
are applicable only to these studies. However, the number of eval-
uated samples was high, reflecting the current spectrum and sus-
ceptibility of uropathogens in our region.

In conclusion, there was an increased rate of resistance in
uropathogens against ampicillin, TMP-SMX, and ciprofloxacin.
Nitrofurantoin, ceftazidime, and fosfomycin still have effective sus-
ceptibility rates against common uropathogens and are applicable
in the empirical treatment of UTI. Further studies are needed to
stratify antibiotic susceptibility across different geographical regions.
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