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Abstract

Urinary tract infections (UTI) are common bacterial infections in children. This study aimed to examine the 
relationships between different microorganisms and both clinical and laboratory findings in pediatric patients 
with UTIs. We conducted a retrospective evaluation of children with UTI between 2019 and 2024. Patients were 
divided into four main groups as normal anatomy, vesicoureteral reflux (VUR), ureteropelvic junction obstruction 
(UPJO), and neurogenic bladder (NB). Information on clean intermittent catheterization (CIC) and prophylactic 
antibiotic use was recorded. Laboratory results were compared across these patient groups. The study included 266 
patients, with a female predominance (female/male ratio: 7.33). NB was the most common urinary tract condition 
(43.3%), followed by VUR (10.9%) and UPJO (9%). Prophylactic antibiotics were used by 9% of the patients. Acute 
phase reactants in patients with CIC were significantly higher (p=0.023 for white blood cell (WBC) and p=0.002 
for C-reactive protein (CRP) levels). They were also higher in patients with prophylactic antibiotics compared 
to those without (p=0.001 for both). The most frequently detected bacteria in urine cultures were E. coli (65%), 
followed by Klebsiella spp. (18.8%), Pseudomonas spp. (7.5%), and Proteus spp. (4.9%). Klebsiella spp., Enterococcus spp., 
and Morganella spp. were not isolated from patients receiving prophylaxis (p=0.022). Risk factors for UTIs need to 
be carefully assessed for every patient, and treatment should be customized according to clinical and laboratory 
results. Individual patient factors should guide drug selection, and treatment plans should account for potential 
resistance patterns.
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Introduction
Urinary tract infection (UTI) is one of the most 
common bacterial infections in pediatrics [1]. 
Due to the rising antibiotic resistance among 
uropathogens, UTI is now considered a public 
health concern [2]. Although diagnosing and 
treating UTI might seem straightforward, there 
are important points that cause confusion in 
pediatrics. The clinical manifestations are highly 
varied, including symptoms such as dysuria, 
frequent urination, incontinence, fever, or flank 
pain [3]. UTIs are most prevalent in infancy, with 
another peak occurring in the toddler years and 
third rise during adolescence. UTIs affect 2% of 
boys up to the age of 7 years, 4 times more in 
girls. Additionally, UTI recurs at least once in 
up to 30% of children who experience it [2,4]. 
The frequency of UTIs and the likelihood of 
recurrence increase significantly, particularly in 
the presence of anatomical abnormalities in the 
urinary system [5]. Urine sampling plays a crucial 
role in diagnosing UTI. A positive urinalysis 
for nitrite or nitrite combined with leukocyte 
esterase is highly specific for diagnosing UTI 
and for initiating empirical antibiotic therapy 
[6]. Antibiotic selection is one of the most 
important aspects of UTI treatment and should 
be guided by previously established resistance 
patterns in the relevant region [7]. Antibiotic 
prophylaxis may be indicated for patients who 
have a history of recurrent UTIs, defined as three 
or more infections per year or those with high-
grade vesicoureteral reflux (VUR) (grades 4-5). 
Although there is a recent trend to minimize the 
use of prophylactic antibiotics, using them in 
certain situations can help avert long-term issues 
like hypertension and chronic kidney disease [8]. 
In this study, the potential correlations between 
clinical and laboratory characteristics and 
causative microorganisms in pediatric patients 
diagnosed with UTI were evaluated.

Materials and Methods
In this study, we retrospectively evaluated 
children who admitted to Pediatric Nephrology/
Infection departments of Konya City Hospital 
between January 2019 and January 2024 with 
UTI with a single microorganism growth in 
urine culture. Patients with no growth in urine 
culture, or in whom growth was considered 

as contamination, and patients with known 
immunodeficiency were excluded. In infants 
during their first year, the symptoms of a urinary 
tract infection (UTI) have been characterized by 
fever, hypothermia, apnea, bradycardia, lethargy 
and vomiting. For older children, lower urinary 
tract symptoms included dysuria, stranguria, 
increased frequency of voiding, foul-smelling 
urine, incontinence, hematuria, and suprapubic 
pain, while upper urinary tract symptoms 
were characterized by fever and flank pain 
[9]. For patients with recurrent UTIs, only the 
results from the most recent infection episode 
were included in the analysis. Additionally, it 
was recorded whether the patients underwent 
clean intermittent catheterization (CIC) for 
urinary drainage and whether they received 
prophylactic antibiotics for UTI prevention. 
The results of urinary ultrasonography 
(USG), voiding cystoureterography (VCUG) 
and Tc-99m mercaptoacetyltriglycine (MAG-
3) imaging, if performed previously, were 
analyzed for possible urinary system anomalies. 
Patients were divided into four main groups: 
normal anatomy, vesicoureteral reflux (VUR), 
ureteropelvic junction obstruction (UPJO) and 
neurogenic bladder (NB). Urine samples were 
collected through either midstream urine or 
bladder catheterization, with patients whose 
samples were obtained using a collection 
bag excluded from the study. Urinalysis 
was conducted using the LabUMat & Urised 
Complete Urine Analysis System, recording 
leukocyte count, presence of bacteriuria, and 
results for leukocyte esterase and nitrite. Pyuria 
was characterized by a leukocyte count of 5/HPF 
or more in urinalysis and/or leukocyte esterase 
positivity in the dipstick test [4,6]. Bacteriuria 
was detected with an automated urine analyzer 
utilizing digital imaging. Quantitative urine 
cultures were established through standard 
microbiological methods. A positive urine 
culture from midstream urine was defined as 
one showing growth of a single organism at least 
100,000 cfu/mL or ≥50,000 cfu/mL accompanied 
by pyuria [9]. Additionally, a UTI was diagnosed 
when bladder catheterization yielded growth of 
a single microorganism at least 10,000 cfu/mL 
[10]. Since it is not sufficient to diagnose UTI 
in patients with CIC by depending solely on 
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pyuria or urine culture results, the diagnosis in 
these patients was made with the presence of 
symptoms compatible with UTI and an increase 
in acute phase reactants in addition to pyuria 
and culture positivity [11,12]. Antibiograms 
were performed using the disk diffusion method. 
The antibiogram panel included ampicillin, 
amikacin, ceftriaxone, cefixime, carbapenem, 
trimethoprim-sulfamethoxazole (TMP-SMX), 
nitrofurantoin, and ciprofloxacin. The extended-
spectrum beta-lactamase (ESBL) positivity 
was noted based on antibiogram results, and 
antimicrobial susceptibility test results was noted. 
The results of acute phase reactants, specifically 
white blood cell (WBC) and C-reactive protein 
(CRP), obtained at the time of hospital visits 
when patients were diagnosed with UTI, were 
recorded. Normal reference ranges are 4000-
1000/uL for WBC and <0.5 mg/dL for CRP [13]. 
The results of blood and urine tests, anatomical 
and functional pathologies of the urinary 
system detected by imaging methods, whether 
or not CIC was performed, and whether or not 
antibiotic prophylaxis was used were compared. 
In addition, we analyzed whether there was a 
difference between blood and urine test results 
according to the microorganisms in urine culture. 
Antibiogram results of uropathogens were 
also evaluated, and their resistance status was 
analyzed according to underlying anatomical or 
functional pathologies. Whether hospitalization 
for UTI treatment was performed was noted 
and the laboratory results were compared 
with the hospitalization status. The study 
received approval from the Education Planning 
Commission of Konya City Hospital and KTO 
Karatay University, Faculty of Medicine Ethics 
Committee (Date: 30.01.2024, No: 77856). 

Statistical Analysis

Descriptive statistics were reported as counts 
and percentages for categorical variables, and 
as medians for continuous variables that did 
not follow a normal distribution. Continuous 
variables with a normal distribution were 
presented as means with standard deviations. 
The Chi-square test was employed to analyze 
categorical variables. Differences between two 
groups for non-normally distributed continuous 
variables were evaluated using the Mann-Whitney 

U test, whereas the Student’s t-test was applied 
to normally distributed ones. Data analysis was 
performed using IBM SPSS Version 25.0, and 
a p-value below 0.05 was deemed statistically 
significant.

Results
The study involved a total of 266 children 
diagnosed with UTIs. The majority were female 
(n=234, 88%). The mean age was 6.87 ± 4.66 years 
(median: 7 years old,  min-max: 0.25-16.5 years 
old). Among the patients, 62 (23.3%) had not yet 
completed toilet training due to their young age. 
NB was the most prevalent urinary tract condition, 
affecting 116 patients (43.3%). Of the patients 
with NB, 91 (78.4%) had undergone surgery for 
meningomyelocele, and 53 (45.7%) were using 
CIC for urination. Prophylactic antibiotics for 
UTIs were administered to 24 patients (9%), all of 
whom were NB patients undergoing CIC. Other 
urinary system anomalies included VUR in 29 
patients (10.9%) and UPJO in 24 patients (9%). 
As anticipated, the median levels of WBC, CRP, 
and urinary leukocytes were elevated. Median 
WBC count was 11459/uL, CRP was 12.1 mg/dL 
and median urine leukocyte count was 61/HPF. 
(Table 1).

In our study, when analyzed according to UTI 
risk factors, median acute phase reactants were 
highest in patients with UPJO (median WBC 
15800/uL, median CRP 100.3 mg/dL) and lowest 
in patients without pathology (median WBC 
8300/uL, median CRP 6.7 mg/dL) (p=0.004 for 
WBC and p=0.049 for CRP). In urinalysis, median 
leukocyte count was higher in patients with 
NB (117/HPF) compared to other pathologies 
and it was the lowest in the VUR group (25/
HPF) (p=0.006). Leukocyte esterase positivity 
(91.7%, p=0.204) was more frequent in UPJO, 
nitrite positivity (54.3%, p=0.004) in NB and 
bacteriuria (86.2%, p=0.001) in VUR compared 
to other pathologies. The median WBC and 
CRP were elevated in CIC compared to non-
CIC group (median WBC: 17100/uL vs 11100/
uL, p=0.023 and median CRP: 89 mg/dL vs 10.8 
mg/dL, p=0.002). Leukocyte esterase, nitrite 
positivity and bacteriuria were similarly found 
more frequently in patients who performed 
CIC compared to patients who did not (p=0.013, 
p=0.122 and p=0.002, respectively). 
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The median WBC and CRP values were elevated 
in patients who used antibiotic prophylaxis 
compared to those who did not (median WBC: 
19240/uL vs 11360/uL, and median CRP: 103.6 
mg/dL vs 10.5 mg/dL, p=0.001 for both) (Table 1).

The most common bacteria grown in urine culture 
was E. coli (n=173, 65%), followed by Klebsiella 
spp. (18.8%), Pseudomonas spp. (7.5%) and Proteus 
spp. (4.9%). Based on the anatomical structure, 
the prevalence of E. coli was 76.3% in patients 
without any pathology, followed by Klebsiella 
spp. with a frequency of 8.2%. While E. coli is still 

the most common uropathogen in NB and UPJO 
(54.3% and 66.7%, respectively), Klebsiella spp. are 
also quite prevalent in these conditions (29.3% 
and 25%, respectively). Morganella spp. grew 
in 2 patients and these patients were patients 
with NB who did not perform CIC or did not 
use prophylaxis (p=0.004). There was no notable 
difference of microorganisms between patients 
with and without CIC. However, the incidence 
of E. coli was higher among patients who used 
antibiotic prophylaxis than in those who did not 
use prophlaxis. Klebsiella spp., Enterococcus spp., 
and Morganella spp. were not isolated in patients 

 

Table 4. ESBL rates according to patient characteristics. 

 
ESBL positivity 

n (%) p value 

General 108 (40.6) - 

Urinary system pathology 
 

NB (n=116) 47 (40.5) 0.002 

VUR (n=29) 9 (31) 

UPJS (n=24) 14 (58.3) 

No pathology (n=97) 38 (39.2) 

CIC 
 

Patients who performed  (n=53) 19 (35.8) 0.097 

Patients who did not (n=213) 89 (41.8) 

Prophylaxis 
 

Patients who used (n=24) 9 (37.5) 0.111 

Patients who did not (n=242) 99 (40.9) 

Uropathogens 
 

E.coli (n=173) 76 (43.9) 0.000 

Klebsiella spp. (n=50) 28 (56) 

Proteus spp. (n=13) 4 (30.8) 

Enterococcus spp. (n=8) 0 (0) 

Pseudomonas spp. (n=20) 0 (0) 

ESBL, Extended-spectrum beta-lactamase; NB, Neurogenic bladder; VUR, Vesicoureteral reflux; UPJS, 

Ureterovesical junction stenosis; CIC, Clean intermittent catheterization. 

Bolded p values are statistically significant. 

 

  

Table 4. ESBL rates according to patient characteristics.

ESBL, Extended-spectrum beta-lactamase; NB, Neurogenic bladder; 
VUR, Vesicoureteral reflux; UPJS, Ureterovesical junction stenosis; 
CIC, Clean intermittent catheterization.

Bolded p values are statistically significant.
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who used prophylaxis (p=0.022) (Table 2).

When comparing uropathogens identified 
in urine cultures with laboratory data, it was 
found that the median WBC count was higher 
in infections caused by Pseudomonas spp. 
(17010/uL), while the CRP level was elevated 
in E. coli infections (63.9 mg/dL) compared to 
other microorganisms (p=0.000 and p=0.021, 
respectively) (Table 1).

In the evaluations made to compare uropathogen 
and antibiotic resistance, most of the E.coli were 
resistant to ampicillin, ceftriaxone and cefixime 
antibiotherapies (70.5%, 58.5% and 63.7%, 
respectively); TMP-SMX and ciprofloxacin 
resistance was 45.6% and 34.6%, respectively, 
while amikacin, nitrofurantoin and carbapenem 
resistance remained at low levels (7.5%, 3.7% 
and 2.6%, respectively). It was noticed that all 
Klebsiella spp. were ampicillin resistant and, 
carbapenem resistance was not observed. 
Ampicillin, ceftriaxone, cefixime and TMP-SMX 
resistance rates of E. coli were markedly higher 
in patients who performed CIC compared to 
those who did not. Similarly, resistance rates 
to the same antibiotics were higher in patients 
who used antibiotic prophylaxis compared 
to those who did not. The overall TMP-SMX 
resistance rate in the study was 44.7% and 
increased to 54.5% in patients receiving TMP-
SMX prophylaxis (p=0.044) (Table 3).

ESBL positivity was observed in 40.6% of 
all patients. In the evaluation according to 
anatomical stractures, it was most frequently 
(58.3%) observed in the UPJO and lowest in 
VUR (31%) (p=0.002). ESBL positivity was not 
observed in Enterococcus spp. and Pseudomonas 
spp. infections, while 56% in Klebsiella spp., 43.9% 
in E.coli infection and 30.8% in Proteus spp. 
(p=0.000). No significant correlation was found 
between the CIC/prophylactic antibiotics for 
ESBL positivity (Table 4).

The number of patients requiring hospitalization 
for UTI was 93 (34.9%). The largest proportion 
of hospitalized patients (n=46, 49.4%) were 
diagnosed with NM. While 39.6% (n=46) of 
patients with NM, 31% (n=9) of patients with 
VUR and 79.1% (n=19) of patients with UPJS 
were hospitalized, 19.5% (n=19) of patients with 

no underlying pathology were hospitalized 
(p=0.035). Also, 39 (73.5%) of the patients 
who performed CIC were hospitalized due 
to UTI, only 7 (3.2%) of the patients who did 
not perform CIC were hospitalized (p=0.001). 
The rate of hospitalization due to UTI was 
significantly higher in patients who used 
antibiotic prophylaxis than in patients who did 
not use prophylaxis (62.5% vs 32.2%, p=0.025). 
Median WBC and CRP values of inpatients were 
significantly higher than outpatients (13350/
uL vs 7580/uL for WBC, p=0.001 and 35.4 mg/
dL vs 16.4 mg/dL for CRP, p=0.005). Similarly, 
the pyuria was higher in hospitalized patients 
(177/HPF vs 41/HPF, p=0.002). Furthermore, 
hospitalization was required in 26.5% (n=46) of 
patients with E.coli, 56% (n=28) of patients with 
Klebsiella spp., 15.3% (n=2) of patients with Proteus 
spp. and 85% (n=17) of patients with Pseudomonas 
spp.  (p=0.023).

Discussion
Urinary tract infection is a significant cause 
of antibiotic use and hospitalization among 
children. While UTIs are more common in male 
infants younger than 12 months of age, the gender 
ratio shifts, with females being more affected 
after the age of one year [14]. In one study, 89% 
of patients with symptomatic UTIs were girls 
[15]. Our study also found a similar female 
predominance, with 88% of patients being female. 
Gram-negative bacteria are the primary culprits 
of UTIs, with the frequency of E. coli reported 
between 68.5% and 90% in previous studies [15-
18]. Consistent with existing literature, E. coli 
was the most common bacteria in our study, 
followed by Klebsiella spp., Pseudomonas spp., and 
Proteus spp. Acute phase reactants are increased 
in UTI as in all infections [19]. When there is an 
anatomical disorder in the urinary system such 
as obstruction, hydronephrosis, fistula, when 
there is a foreign body such as ureteric stent, 
suprapubic tube or urethral catheterization, 
or when antibiotic resistance is high due to 
recurrent UTI, the risk of complicating UTI 
is high and a higher increase in acute phase 
reactants is expected [20,21]. In this study, WBC 
and CRP, which are acute phase markers, were 
measured at the lowest levels in patients without 
urinary tract anatomical disorders. Acute phase 
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reactants were found to be higher when UTI 
developed in patients who performed CIC or 
used prophylactic antibiotics. Pyuria is a key 
diagnostic criterion for UTIs, but in the absence 
of pyuria, the patient should be considered as 
UTI if clinical findings are compatible and urine 
culture shows significant growth [22,23]. In our 
study, although urine leukocyte levels increased 
up to >4000/HPF in some patients, no pyuria was 
detected in some of them. Because, our patients 
continued to be monitored at regular intervals, 
were admitted to the hospital without delay in 
case of any symptoms compatible with UTI, and 
urine samples were collected before an increase 
in urinary tract inflammation. In our study, the 
mean leukocyte count in urine during a UTI 
was higher in NB compared to those with other 
urinary tract anatomical disorders. However, a 
previous study demonstrated that pyuria could 
be seen in NB even in the absence of UTI and 
it was reported that additional markers besides 
pyuria are necessary to diagnose as UTI [11].  
Another study showed that pyuria was more 
common in patients requiring CIC [12]. In our 
study, the mean urinary leukocyte count was 
higher in patients with CIC compared to those 
without, although not statistically significant. 
Similarly, pyuria levels during UTI were 
higher in patients with prophylactic antibiotics 
compared to those without. It is notable that the 
antibiotic resistance rates of microorganisms, 
especially in E. coli infection, were higher in 
patients who performed CIC or used antibiotic 
prophylaxis in our study. It may be considered 
that urinary system inflammation is higher in 
these patients due to resistant microorganisms 
and pyuria may be at higher levels as in acute 
phase reactants. Nitrite positivity is highly 
specific in the diagnosis of UTI, but it is not seen 
in some microorganisms such as Enterococcus 
spp [24]. In our study, nitrite positivity was not 
detected in Enterococcus spp. infection. Therefore, 
it should not be ignored that patients with nitrite 
negative findings may also have UTI. Bacterial 
positivity in a fresh urine sample that has not 
been centrifuged indicates that >100000 CFU 
bacteria will grow in urine culture. Bacteriuria 
is found more frequently in E. coli and Klebsiella 
spp. Infections [24]. In our study, bacteriuria 
was observed in the majority of patients with 

infections caused by E. coli, Klebsiella spp., and 
Enterococcus spp. The antibiotic resistance has 
been increasing in UTIs in recent decades [25]. 
Especially ampicillin and TMP-SMX resistance 
is quite high [26]. Morover, ceftriaxone and 
cefixime resistance were also observed at high 
rates. Antibiotic resistances were higher in 
patients with CIC or prophylactic antibiotics 
compared to those without. In last years, ESBL-
positivity for E. coli and Klebsiella spp. have been 
increasing. For example, ESBL positivity was 
69% in E. coli and 50% in Klebsiella spp. in a study 
[27]. In our study, E. coli and Klebsiella spp. were 
the most common microorganisms.  Therefore, it 
may be wise not to use a beta-lactam antibiotic 
such as ceftriaxone in empirical treatment in a 
patient with UTI. However, the empirical use 
of antibiotics with lower resistance rates such as 
amikacin and carbapenem in first-line treatment 
will increase resistance rates in the following 
years.

Conclusion
Urinary tract infection is a common condition 
in childhood with high morbidity. It is essential 
to assess each patient’s risk factors for UTI and 
to start appropriate treatment. However, any 
treatment administered might contribute to an 
increase in existing resistance rates or potentially 
lead to the emergence of new resistance in the 
future.
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