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INTRODUCTION

Urinary tract infections (UTI) are 
common bacterial disorders in childhood. 
Approximately 3-5% of girls and 1-2% of 
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Abstract. Urinary tract infections are a common cause of end-stage renal disease 
in Turkey. This prospective study investigated the antibiotic resistance patterns 
of uropathogens in order to recommend appropriate therapeutic protocols for 
children with urinary tract infections in Istanbul, Turkey. Between October 2007 
and October 2008, children presenting with a first episode of urinary tract infec-
tion to a pediatric outpatient clinic were enrolled in the study. Urine samples were 
cultured, and antimicrobial susceptibility testing was performed. Children with 
proven urinary tract infections underwent imaging studies where available. A total 
of 126 children with a first episode of community-acquired urinary tract infection 
were enrolled in the study. The median age was 60.6 months; 84.1% of the children 
were female. Of the 126 urine samples, Escherichia coli was the leading uropathogen 
(81.7%), followed by Proteus spp (7.1%), Klebsiella spp (4.0%), Enterococcus spp 
(3.2%), Enterobacter spp (2.4%), and Pseudomonas spp (1.6%). Among the isolated 
uropathogens, resistance to ampicillin (85.0%), amoxicillin-clavulanate (73.8%), 
cefazolin (37.3%) and trimethoprim-sulfamethoxazole (42.9%) was remarkable. 
A large number of Enterococcus species were resistant to all antimicrobial agents 
except vancomycin. A country-based evaluation of antibiotic susceptibility is 
needed to modify antibiotic treatment. Resistance to antimicrobial agents com-
monly used to treat urinary tract infections (nitrofurantoin, cefixime) is less a 
problem than resistance to other antimicrobials (aminopenicillins, cephalosporins, 
trimethoprim-sulfamethoxazole) frequently prescribed for other indications.
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boys develop UTI (Elder, 2000). Vesicoure-
teral reflux (VUR)-associated UTIs are re-
ported as an important cause of end-stage 
renal disease in Turkey (Bakkaloglu et al, 
2005). Since initial antibiotic treatment 
is empirical, knowledge regarding the 
causative organisms and their sensitiv-
ity patterns is mandatory for effective 
treatment. Geographic variations and 
different antibiotic prescribing practices 
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result in varying patterns of antimicrobial 
resistance among urinary tract pathogens. 
A country-based evaluation of antibiotic 
susceptibility was needed to modify an-
timicrobial treatment.

This prospective study investigated 
the types and antibiotic resistance pat-
terns of uropathogens among children 
with UTI in Istanbul, Turkey.

MATERIALS AND METHODS

Children younger than 14 years old 
with a culture-proven UTI evaluated at 
pediatric outpatient clinics from October 
2007 to October 2008, were prospectively 
included in the study. Patients were 
excluded if they used a prophylactic  
antibiotic for a known urinary tract 
malformation and/or had a previous his-
tory of UTI and/or used catheters and/or 
received outpatient antibiotics prior to 
admission.

Children with a suspected UTI had 
urinalysis analyzed within 30 minutes of 
providing the specimen, and if the dip-
stick or microscopy was abnormal, the 
urine was cultured. The presence of 5 or 
more leukocytes per high power field of 
urine using a x40 objective was considered 
as pyuria. Children with pyuria were 
started on antibiotics before the culture 
results were obtained following the guide-
lines of the WHO Pocketbook of Hospital 
Care for Children (WHO, 2005). Children 
below 3 months of age and those with 
fever (axillary temperature ≥37.5ºC), vom-
iting or flank pain were examined with a 
complete blood count, C-reactive protein 
(CRP), and erythrocyte sedimentation 
rate. Ultrasonographic (USG) examination 
was performed in all patients. Further im-
aging studies, a voiding cystourethrogram 
(VCUG), and technetium-99m-labeled 

dimercaptosuccinic acid (DMSA) were 
performed on children with pathologi-
cal ultrasonographic results and/or di-
agnosed as having pyelonephritis and/
or were under 12 months old. Children 
with clinical deterioration, leukocytosis, 
age less than 3 months, or were suspected 
to have pyelonephritis or urosepsis were 
hospitalized, while the rest were followed 
up in the outpatient clinic.

Urine samples were obtained by 
transurethral catheterization in non-toilet 
trained children and midstream clean-
catch urine in toilet trained children. 
All samples were cultured on blood and 
eosin-methylene blue agar plates with a 
standard loop. The plates were incubated 
at 37ºC for 24 hours, and bacteria were 
identified using standard methods. A UTI 
was defined as ≥105 colony forming units/
ml of midstream urine or ≥104 colony 
forming units/ml of urine obtained by 
transurethral catheterization. 

Antimicrobial susceptibility testing 
was performed by the disc diffusion 
technique according to the guidelines 
of the National Committee of Clini-
cal Laboratory Standards. All bacteria 
were tested against ampicillin (AMP), 
amoxicillin-clavulanate (AMC), cefazo-
lin, cefuroxime, ceftriaxone, cefixime, 
cefepime, aztreonam, imipenem, genta-
micin, ciprofloxacin, nitrofurantoin, and 
trimethoprim-sulfamethoxazole (TMP-
SMX). Enterococcus species were also 
tested against vancomycin.

Statistical analysis was performed us-
ing SPSS software, version 10.0. Data were 
recorded as mean (standard deviation) 
with a p-value <0.05 indicating signifi-
cance. Statistical analysis was performed 
with the Pearson’s c2 test. Comparisons 
were analyzed using 95% confidence 
intervals.
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RESULTS

A total of 126 children with a first 
episode of community-acquired UTI were 
enrolled in the study. The ages of the chil-
dren ranged from 1 month to 14 years (168 
months). The median age was 60.6 (44.1) 
months, and 84.1% of the children were 
female. The age-related distribution of 
the children was as follows: 20.6% were 
younger than 1 year, 33.4% were 13-60 
months old, and 46% were older than 5 
years. The signs and symptoms reported 
at the time of admission were fever 
(62.7%), dysuria (49.2%), abdominal pain 
(48.4%), vomiting (46.0%), nocturnal en-
uresis (23.8%), constipation (16.0%), and 
costovertebral angle tenderness (16.0%). 
Nocturnal enuresis was significantly 
higher in children older than 5 years (p< 
0.01); the rest of the symptoms were not 
significantly different by age.

Of the 126 urine samples, Escherichia 
coli was the leading uropathogen (81.7%), 
followed by Proteus spp (7.1%), Klebsiella 
spp (4.0%), Enterococcus spp (3.2%), En-
terobacter spp (2.4%), and Pseudomonas spp 
(1.6%). The antibiotic resistance patterns 
of the isolated uropathogens and age-
related distribution of the uropathogens 

are reported in Tables 1 and 2. Among the 
isolated uropathogens, resistance to AMP 
(85.0%), AMC (73.8%), cefazolin (37.3%), 
and TMP-SMX (42.9%) was remarkable. A 
high proportion of Enterococcus spp was 
resistant to all antimicrobial agents except 
vancomycin.

Comparing antimicrobial resistance, 
there was no statistical difference among 
the resistance of causative agents to AMP, 
AMC, cefazolin, gentamicin, nitrofuran-
toin, and TMP-SMX (p>0.05). However, 
cefuroxime and aztreonam resistance 
were statistically more common among 
isolated Klebsiella, Pseudomonas, and 
Enterococcus species (p<0.01). Cefixime, 
cefepime and imipenem resistance were 
significantly more common among Entero-
coccus species (p<0.01). In addition to the 
Enterococcus species, ceftriaxone resistance 
was significantly more common among 
Pseudomonas species and ciprofloxacin 
resistance was significantly more common 
among Klebsiella species (p<0.01).

Forty-two patients underwent VCUG 
and DMSA scans, and VUR was detected 
in 11 (26.2%). Renal cortical defects were 
detected in 16 patients by the DMSA scan 
(38%). There was no difference in resis-
tance of isolated uropathogens between 

  Age of patient in month

Uropathogens         0-12 13-60 >60 
  n (%)

E. coli                   17  (16.5)     34  (33)         52  (50.5)
Proteus                  4 (44.4)     3  (33.3)                 2   (22.2)
Klebsiella               2 (40)       2  (40)                    1 (20)
Pseudomonas        1 (50)           0  (0.0)                   1 (50)
Enterobacter          1 (33.3)       1  (33.3)                 1 (33.3)
Enterococcus          1 (25)          2 (50)                    1 (25)

Table 2
Age-related distribution of uropathogens.
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patients with radiologically detected le-
sions and those with no lesions.

DISCUSSION

Urine cultures and antibiotic suscep-
tibilities provide guidance for empirical 
antibiotic treatment of UTIs. Treatment 
must start before urine cultures provide 
results in 24-48 hours. Knowledge of the 
predominant uropathogens in the age 
group of the patient and local bacterial 
susceptibility patterns affect the choice 
of antibiotics.

Urinary tract infection is a leading 
cause of chronic renal failure in Turkey 
(Bakkaloglu et al, 2005). The frequency 
of E. coli in childhood UTIs ranges from 
54% to 89% in different regions of Turkey 
(Gökçe et al, 2006; Yüksel et al, 2006; Catal 
et al, 2009). 

Epidemiological and antimicrobial 
resistance studies carried out in various 
countries are shown in Table 3 (Ipek and 
Bozaykut, 2010). As expected, the most 
common causative agent was E. coli, 
which has been isolated at rates varying 
between 47% and 93.3%, followed by 
Klebsiella spp (1.5-15.2%), Pseudomonas 
spp (0.7-15%), Proteus spp (2.3-15%), and 
Enterococcus spp (1-23%). A high rate of 
resistance against AMP and TMP-SMX 
was found in all the studies. Rabasa  
et al (2009) and Rai et al (2008) attributed 
their findings of high-level resistance to 
AMP and TMP-SMX to the habit of self-
medication and sales of non-prescribed 
medicine in their countries, similar to our 
country. Tseng et al (2008) studied antibi-
otic resistance in 1991-2000 and 2001-2005 
in Taiwan, and found increased resistance 
to all antibiotics over time, but only AMP 
resistance increased significantly (p<0.05). 
In contrast, Guidoni et al (2008) found no 
change in antibiotic resistance between 

1986-1989 and 2004-2005, other than 
TMP-SMX was more resistant during the 
second period. Resistance to TMP-SMX, 
often used in pediatric UTIs, is common in 
almost all studies. Resistance to TMP-SMX 
in infections among toddlers and preteens 
is more common than among adults, and 
the resistance decreases as age increases 
(Gaspari et al, 2003; Abelson Storby et al, 
2004). 

Our findings of 84.9% AMP-resis-
tance, 73.8% AMC-resistance, and 42.8% 
TMP-SMX-resistance among uropatho-
gens underscores the fact that AMP, AMC, 
and TMP-SMX should no longer be used 
for empiric treatment. Uropathogens were 
also highly resistant to cefuroxime and 
cefazolin similar to the findings of Gökce 
et al (2006). High resistance rates against 
AMP, AMC, 1st generation cephalosporins 
and TMP-SMX have not only been re-
ported in Turkey but in other international 
studies (Pape et al, 2004; Anatoliotaki et al, 
2007). Gentamicin sensitivity, which has 
varied among studies, was reported to be 
as low as 2.4% by Ghiro et al (2002) and as 
high as 24.9% by Wu et al (2004).

Since E. coli is the leading cause of 
UTI, empiric treatment should be based 
on E. coli susceptibility patterns. For our 
region, nitrofurantoin, cefixime, and gen-
tamicin seem the best choices for initial 
therapy. In the published literature, E. 
coli has generally been reported to have a 
low resistance rate (0-6%) to nitrofuran-
toin, except for the findings of Gökçe et al 
(2006) (15%) and Al-Mardeni et al (2009) 
(20.7%). E. coli resistance to other antibio-
tics, such as AMP, TMP-SMX, gentamicin, 
and ceftriaxone, was also remarkably high 
in the Al-Mardeni et al (2009) study from 
Jordan. This study also recommended 
nitrofurantoin for empiric treatment of 
uncomplicated UTIs, due to the low resis-
tance rate. Abelson Storby et al (2004) from 
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Sweden, also suggested nitrofurantoin 
as a good initial empiric treatment for 
uncomplicated UTIs because of its low 
level of resistance (<2%). 

Aminoglycosides still seem effective 
for most isolated uropathogens. Studies 
from Germany, Greece, Jordan, and Tuni-
sia have also reported low E. coli resistance 
rates to aminoglycosides (Bouallégue  
et al, 2004; Pape et al, 2004; Gökce et al, 
2006; Anatoliotaki et al, 2007; Al-Mardeni 
et al, 2009).

Increasing antibiotic resistance 
among urinary tract isolates is a world-
wide problem. As the habit of uncon-
trolled antibiotic use plays an important 
role in the emergence of resistant isolates, 
current interventions aimed at reducing 
unnecessary antibiotic prescribing, espe-
cially in underdeveloped and developing 
countries, must be supported. It is crucial 
to establish an international surveillance 
system to assess uropathogen frequencies 
and resistance patterns among pediatric 
patients.

In conclusion, prevention of further 
morbidity in pediatric UTI is related to 
initiating treatment with a correct first-
line antimicrobial agent. Countries should 
establish systems for evaluating local 
resistance rates of uropathogens, and ex-
isting empiric treatment protocols should 
be reviewed periodically to determine 
changing patterns of antibiotic sensitivity. 
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