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Abstract

Original Article

IntRoductIon

Urinary tract infections (UTIs) are among the most common 
infectious diseases occurring in either the community or 
health-care setting. Uncomplicated UTIs typically occur 
in the healthy premenopausal, nonpregnant women with 
no history suggestive of an abnormal urinary tract.[1] 
Complicated UTIs may occur in both women and men and 
in any age groups and are frequently associated with either 
structural or functional urinary tract abnormalities. Most 
infections occur in the lower urinary tract. These infections 
are common in women than in men.[1-4] The microbial 
spectrum of UTIs consists mainly of Escherichia coli, 
with occasional other species of Enterobacteriaceae such 
as Proteus mirabilis and Klebsiella pneumoniae and other 
bacteria such as Staphylococcus saprophyticus. Other 
Gram-negative and Gram-positive species are rarely isolated 
in UTIs.[5,6]

Antimicrobial resistance, especially in Gram-negative 
bacteria (GNB) causing UTIs, both cystitis and pyelonephritis, 
is increasing. This makes empirical treatment of these 
infections difficult. Knowledge of the antimicrobial resistance 
patterns of uropathogens in specific geographical locations 
is an important factor for choosing an appropriate empirical 
antimicrobial treatment.[6,7] The aim of the present study is to 
determine the distribution of bacterial strains isolated from 
lower UTIs and their resistance patterns against commonly 
used antimicrobial agents, and treatment results in female 
patients.

Background/Purpose: Most community-acquired urinary tract infections (UTIs) are usually treated empirically. The knowledge of antibiotic 
resistance patterns of the microorganisms causing UTI is essential for defining the empirical treatment. Objective: The aim of the present study 
is to determine the distribution of bacterial strains isolated from lower UTIs and their resistance patterns against commonly used antimicrobial 
agents and treatment results in female patients. Subjects and Methods: This is a retrospective analysis of medical case records of 90 female 
patients with lower UTI for a period of 4 years from January 2013 to December 2016 in a tertiary care hospital in the Trakya region of Turkey. 
Results: The most common causative agent was Escherichia coli (66.6% of cases) followed by Klebsiella pneumoniae (16.6%). Fosfomycin 
was the most active agent against E. coli (resistant isolates: 5.5%), followed by nitrofurantoin (resistant isolates: 7.4%). Extended-spectrum 
beta-lactamases (ESBLs) production was observed in 29 (32.2%) isolates (22 in E. coli, 6 in K. pneumoniae, and 1 in Enterobacter spp.). The 
antimicrobial resistance rates among ESBL-producing E. coli isolates for trimethoprim-sulfamethoxazole, ciprofloxacin, fosfomycin, and 
nitrofurantoin were 77.7%, 72.7%, 13.6%, and 18.2%, respectively (P < 0.05). The estimated microbiological eradication rates for nitrofurantoin 
and fosfomycin were 89.7% and 83.8%, respectively. Conclusions: The results of the present study indicate that nitrofurantoin and fosfomycin 
may be considered for empirical therapy of lower UTIs in Trakya region of Turkey.
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subjects and Methods

This is a retrospective analysis of medical case records of 
90 female patients with lower UTI between January 2013 and 
December 2016 at the university hospital in Tekirdag, Turkey. 
Women were classified to have acute uncomplicated UTI if 
they had a structurally normal urinary tract and symptoms 
of cystitis. Urine cultures were done in our laboratory of 
clinical microbiology according to standard techniques. 
Antimicrobial susceptibility tests were performed using the 
Kirby-Bauer disk diffusion method and interpretation of these 
tests was according to the guidelines proposed by the National 
Committee for Clinical Laboratory Standards M100-S25. 
Extended-spectrum beta-lactamases (ESBLs) production was 
detected by double-disk synergy test. The Chi-square test was 
used to compare the data between the groups. P < 0.05 was 
considered statistically significant.

This retrospective study was deemed exempt from written 
informed consent by the Namik Kemal University Hospital 
Review Board because it used only retrospective, deidentified 
patient data.

Results

A total of 90 women were included and their mean age 
was 55.5 years (range 16–78). In majority of patients, 
urolithiasis (20%) was associated with lower UTI. 
Diabetes mellitus (15.6%) was the second leading risk 
factor causing UTI. Other risk factors were neurogenic 
bladder (7.8%), malignancy (colon cancer and endometrial 
cancer) (7.8%), current corticosteroid use (5.55%), urinary tract 
anomaly (4.4%), chronic renal failure (2.2%), renal cyst (1.1%), 
hydronephrosis (1.1%), and urinary procedure (1.1%); 33.3% 
of patients had no risk factors.

Urinalysis showed nitrite positivity in 40 (44.4%), leukocyte 
esterase positivity in 84 (93.3%), and leukocyte positivity on 
microscope in 87 (96.6%). The most common causative agent 
was E. coli (66.6% of cases) followed by K. pneumoniae (16.6%) 
and others such as Enterobacter spp. (7.7%), Enterococcus 
spp. (3.3%), Pseudomonas aeruginosa (1.2%), Citrobacter 
freundii (1.2%), S. saprophyticus (1.2%). The other two 
microorganisms were Candida spp. (Candida glabrata and 
Candida krusei). The distribution of the causative agents 
is shown in Table 1. Resistance to ampicillin (86.6%), 
trimethoprim-sulfamethoxazole (TMP-SMX) (47.7%), and 
ciprofloxacin (33.3%) was significant in all isolates. Fosfomycin 
was the most active agent against E. coli (resistant isolates: 
5%), followed by nitrofurantoin (resistant isolates: 8.3%). 
ESBL production was observed in 29 (32.2%) isolates 
(22 E. coli, 6 K. pneumoniae, and 1 Enterobacter spp.). 
ESBL production was 36.6% and 40% against E. coli and 
K. pneumoniae, respectively. The antimicrobial resistance 
rates among ESBL-producing E. coli isolates for TMP-SMX, 
ciprofloxacin, fosfomycin, and nitrofurantoin were 77.7%, 
72.7%, 13.6%, and 18.2%, respectively (P < 0.05). The 
antibiotic susceptibility profile of E. coli and K. pneumoniae 

isolates is summarized in Table 2. After the microbiological 
specimens were taken, the agents prescribed for lower 
UTIs were nitrofurantoin (43.3%), fosfomycin (41.1%), 
ceftriaxone (14.5%), and ciprofloxacin (1.1%). The 
estimated microbiological eradication rates for nitrofurantoin 
and fosfomycin were 89.7% and 83.8%, respectively. 
Twelve (92.3%) patients were treated with ceftriaxone 
successfully. One patient was treated with ciprofloxacin 
successfully. Overall cure rate was 87.7%.

dIscussIon

UTIs are among the most common prevalent infections in 
clinical practice. These infections occur in every age and 
both genders. According to the demographic data, it is more 
frequent in women. Anatomical and physical factors such as 
a shorter urethra predispose women to UTI. Some conditions 
such as surgery, pregnancy, advanced age, diabetes mellitus, 
kidney stones, impairment of the immune system, neurogenic 
bladder, and urinary tract abnormalities may increase the 
risk of developing UTIs.[4] In majority of our patients (20%), 
urolithiasis and diabetes mellitus (15.6%) were associated 
with lower UTI.

E. coli is the most common community-acquired UTI pathogen 
and is responsible for 75%–95% of cases. Proteus mirabilis, 
K. pneumoniae, and S. saprophyticus are other frequently 
observed species. One study from the United States and 
European hospitals reported that the most frequently isolated 
pathogens were E. coli (63.3%/71·3% in USA/EU), Klebsiella 
spp. (16.7%/11·2%), and Proteus mirabilis (6.4%/5.0%).[8] 
In the current study, E. coli was the most frequently isolated 
urinary pathogen (63.7%), followed by K. pneumoniae (18.7%).

The prevalence of multidrug-resistant Enterobacteriaceae is 
being increasingly reported in UTIs. Common pathogens in 
community-acquired UTI have a high resistance to widely 
used antibiotics. The increasing resistance of ampicillin 
and TMP-SMX to E. coli has been reported in studies from 
Turkey and other countries. According to various studies, 
the lowest observed resistance rates in the lower UTIs were 
reported for fosfomycin, nitrofurantoin, and mecillinam 
(prodrug pivmecillinam).[6] Fluoroquinolones have high 
resistance rates among multidrug-resistant uropathogens and 

Table 1: Distribution of urinary tract infections pathogens 
isolated from urine cultures

Pathogens Number of isolates (%)
Escherichia coli 60 (66.6)
Klebsiella pneumoniae 15 (16.6)
Enterobacter spp. 7 (7.7)
Enterococcus spp. 3 (3.3)
Pseudomonas aeruginosa 1 (1.2)
Citrobacter freundii 1 (1.2)
Staphylococcus saprophyticus 1 (1.2)
Candida spp. 2 (2.2)
Total 90 (100)
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are being strongly discouraged as first-line agents for UTIs.[7] 
The activity of fosfomycin and nitrofurantoin has been reported 
high for most cases of multidrug-resistant E. coli UTIs.[5,9,10] 
One study reported that amikacin and nitrofurantoin were the 
most effective antibiotics in community-acquired UTIs.[11] 
Seo et al.[12] reported that the resistance rate of fosfomycin 
and nitrofurantoin did not differ significantly between 
the ciprofloxacin-resistant and ciprofloxacin-susceptible 
isolates. Marchisio et al.[13] reported that 21% of the isolates 
were resistant to three or more tested antibiotics families. 
In a study involving high prevalence of multidrug-resistant 
Enterobacteriaceae isolated from outpatient urine samples, 
more than 90% of the urinary isolates were reported to be 
resistant to sulfonamides.[14]

UTIs caused by ESBL-producing bacteria have become an 
emerging problem limiting therapeutic options. Especially 
these microorganisms tend to be multidrug resistant. According 
to the various studies, there is an increasing trend over time. 
Stefaniuk et al.[15] reported that K. pneumoniae was the pathogen 
most frequently associated with ESBL production with 46.2% 
of all K. pneumoniae isolates being positive. As expected, 
ESBL-producing urinary pathogens were significantly more 
often resistant to non-beta-lactam antibiotics, and 27% of the 
isolates were classified as multidrug resistant. However, the 
majority of ESBL-GNB isolates causing UTIs/bacteriuria was 
susceptible to carbapenems (100%) and nitrofurantoin (84%).[16] 
In a study that compared antimicrobial susceptibilities of urinary 
ESBL-producing E. coli and ESBL-producing K. pneumoniae 
to fosfomycin and nitrofurantoin in a teaching hospital in 
Taiwan, fosfomycin had good susceptibility to ESBL-producing 
E. coli (95.5%), including inhospital-acquired isolates, 
but lower antimicrobial activity against ESBL-producing 
K. pneumoniae (57.6%). TMP-SMX had the highest resistance 
rate to ESBL-producing isolates.[17] Resistance rates to 
nitrofurantoin in ESBL-nonproducing and ESBL-producing 
E. coli were reported to be 6.6% and 23.2%, respectively, 
from a tertiary care educational hospital in Turkey.[18] In our 
study, ESBL production was observed in 29 (32.2%) isolates 
(22 E. coli and 6 K. pneumoniae, 1 Enterobacter spp.).

The current study showed a significant resistance among the 
Enterobacteriaceae family to commonly available antibiotics. 

Fosfomycin was the most active agent against E. coli (resistant 
isolates: 5%), followed by nitrofurantoin (resistant 
isolates: 8.3%). Resistance rates to nitrofurantoin in 
ESBL-nonproducing and ESBL-producing E. coli were 
2.6% and 18.2%, respectively. The antimicrobial resistance 
rates among ESBL-producing isolates for fosfomycin and 
nitrofurantoin were 13.7% and 20.7%, respectively. Comparing 
with ESBL-nonproducing isolates, ESBL-producing isolates 
were associated with significantly lower susceptibility of 
fosfomycin (0% vs. 13.7%), nitrofurantoin (3.27% vs. 20.7%), 
TMP-SMX (38.3% vs. 72.4%), and ciprofloxacin (19.6% vs. 
68.9%) (P < 0.05).

TMP-SMX should be used as first-line therapy because of 
its low cost and efficacy for uncomplicated UTIs in women 
unless the prevalence of resistance to these agents among 
uropathogens in the community is >10%–20%.[6] Other 
options include a 7-day course of nitrofurantoin or a single 
dose of fosfomycin. Nitrofurantoin is a member of a group 
of synthetic nitrofuran derivative. This antibiotic is an 
important treatment option for uncomplicated UTIs in the 
current era of increasing fluoroquinolone and TMP-SMX 
resistance among uropathogens. It is active against most 
common uropathogens, but most Proteus species, Serratia 
marcescens, and Pseudomonas aeruginosa are naturally 
resistant. Nitrofurantoin is also active against most strains 
of multidrug-resistant Gram-negative bacilli, including most 
ESBL-producing strains. Studies indicate a clinical cure rate 
with nitrofurantoin of 88%–92% and a microbiologic cure rate 
of 81%–92%. Despite availability and use of nitrofurantoin 
for more than 5 decades, the prevalence of nitrofurantoin 
resistance among common uropathogens remains low because 
it has a low resistance potential. Nitrofurantoin appears to have 
good clinical and microbiological efficacy for UTI caused by 
common uropathogens.[19,20]

Fosfomycin is a phosphoric acid derivative used only for the 
treatment of uncomplicated UTIs. It is administered as a 1-time 
3 g oral dose. Fosfomycin’s spectrum of activity includes 
E. coli, Enterococci, and Serratia, Enterobacter, Citrobacter, 
and Klebsiella species but does not cover S. saprophyticus. 
According to the recent analysis reports, a fosfomycin 
resistance rate is low in community-acquired E. coli UTI. The 

Table 2: Antibiotic susceptibility patterns of extended‑spectrum beta‑lactamases producing and nonproducing isolates of 
Escherichia coli and Klebsiella pneumoniae

Antimicrobial Percentage of susceptible isolates

Escherichia coli Klebsiella pneumoniae

ESBL positive 
n (%)

ESBL negative 
n (%)

Total 
n (%)

P ESBL positive 
n (%)

ESBL negative 
n (%)

Total 
n (%)

P

Ciprofloxacin 16 (72.7) 10 (26.3) 26 (43.3) 0.0004 4 (66.6) 2 (22.2) 6 (40) 0.08
Fosfomycin 3 (13.6) 0 3 (5.0) 0.019 1 (16.6) 0 1 (6.6) 0.2
Nitrofurantoin 4 (18.2) 1 (2.6) 5 (8.3) 0.035 2 (33.3) 0 2 (13.2) 0.06
Trimethoprim/sulfamethoxazol 17 (77.7) 17 (44.7) 34 (56.6) 0.014 4 (66) 3 (33) 7 (43.7) 0.2
Total 22 (36.6) 38 (63.3) 6 (100) 6 (40) 9 (60) 15 (100)
ESBL: Extended-spectrum beta-lactamases
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development of resistance to fosfomycin appears to be more 
frequent both in vitro and in clinical studies for non‑E. coli 
Enterobacteriaceae in comparison with E. coli.[19,21-23] In one 
study, the clinical remission rate was 83% in the fosfomycin 
group.[21] In our study, the estimated microbiological 
eradication rates for nitrofurantoin and fosfomycin were 
89.7% and 83.8%, respectively. Twelve (92.3%) patients were 
treated with ceftriaxone successfully. One patient was treated 
with ciprofloxacin successfully. Overall cure rate was 87.7%.

conclusIons

The results of the present study indicate that we had a high 
percentage of ESBL-producing isolates. Nitrofurantoin and 
fosfomycin may be considered for empirical therapy of lower 
UTIs in our region. According to the results of this study, 
TMP-SMX is not recommended as the first choice antibiotic 
because of the high resistance.
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