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Abstract: (1) Background: Urinary tract infections (UTIs) are among the most common infections in
the pediatric population. This study aimed to analyze the urine culture results and antimicrobial
patterns over the last 5 years in children diagnosed with UTI. (2) Methods: Retrospective analysis of
medical records of 242 patients hospitalized in the Pediatric Nephrology Department diagnosed with
a UTT in the years 2018-2022. (3) Results: The most common causative agent was E. coli, responsible
for 64% of UTIs, followed by Klebsiella spp. (16%), Pseudomonas spp. (6%), Enterobacter spp. (4%),
Proteus spp. (4%), and Enterococcus spp. (3%). Non-E. coli UTIs were significantly more frequently
observed in patients with congenital anomalies of the kidney and urinary tract or neurogenic bladder
and patients receiving antibiotic prophylaxis. For the whole study period, 32% of E. coli were resistant
to amoxicillin/clavulanic acid, 23.3% to trimethoprim/sulfamethoxazole, 12.2% to ciprofloxacin, and
4.4% to nitrofurantoin. During 2018-2022, the prevalence of E. coli resistant to amoxicillin/clavulanic
acid varied from 16.7% to 41.2%, and resistance to cefuroxime increased four times (from 4% in 2018
to 16.7% in 2022). Starting in 2021, all isolated E. coli strains were classified as susceptible-increased
exposure or resistant to cefuroxime. (4) Conclusion: Managing pediatric UTIs remains challenging
in clinical practice. The choice of optimal empiric treatment should be considered following local
recommendations and individual risk factors assessment and require careful dosage adjustment.
Observed changes in antimicrobial resistance indicated the need for frequent updating of local
recommendations for the management of pediatric patients with UTIs.
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1. Introduction

Urinary tract infections (UTIs) are among the most common bacterial infections in the
pediatric population [1,2]. Among the risk factors for UTIs are structural kidney and urinary
tract anomalies, bowel and bladder dysfunction, neurogenic bladder, immunocompromised
states, presence of a foreign body (indwelling catheter or kidney stones), gender, and sexual
activity [1-4]. The most common causative agent for a UTI is Escherichia coli (E. coli),
responsible for about 70-80% of infections [1,2,4].

Children with congenital anomalies of the kidney and urinary tract (CAKUT) are
a particular group of patients who are at high risk of recurrent UTISs, frequent antibiotic
therapy, and increasing antimicrobial resistance [1,3,4]. In this group of patients, UTIs are
more frequently caused by bacteria other than E. coli [1,4].

Infection caused by non-E. coli and multi-drug resistant bacteria may be related to
previous hospitalizations and patient colonization with pathogens acquired in the hospital
environment from other patients, medical staff, or hospital facilities [5,6]. Nosocomial
infections most frequently occur in transplant units, neonatal, and intensive care units [7].
The etiology and resistance patterns between community-acquired and hospital-acquired
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UTIs differ significantly [8]. According to Devrim et al., nosocomial UTIs were most often
caused by Klebsiella pneumoniae (34.1%) and E. coli (26.8%), and more than 70% of isolated
bacteria produced the extended-spectrum (3-lactamase (ESBL). Also, the resistance rate
to meropenem, imipenem, and ertapenem was high [9]. A study by Mongkonsritragoon
et al. reported that E. coli was a causative agent in 43% of cases of children diagnosed
with hospital-acquired UTIs. The resistance rates to third-generation cephalosporin were
approximately 75% and to carbapenem nearly 5%. [10]. Hence, apart from the development
of infection during hospitalization, stay in a hospital is related to the higher risk of patient
colonization with bacteria typically considered nosocomial, such as multi-drug-resistant
Pseudomonas aeruginosa or Enterobacteriaceae-producing ESBL [6,11]. Colonization increases
a person’s risk for infection. Thus, the timing of colonization rather than the timing of
diagnosis may be essential in determining the origin of resistance in bacteria causing
infection [11].

In managing UTlIs in the pediatric population, it is essential to promptly start effective
antibiotic treatment to improve the patient’s condition, prevent severe complications of
UTIs such as bacteremia, and prevent renal scarring [1,4,12]. However, in the scope of
increasing resistance to antibiotics observed in bacterial pathogens causing UTI, choosing
the best treatment option is a challenge [4,12]. Significant differences exist in the antibiotic
resistance patterns of uropathogenic E. coli according to the geographical region. Also,
individual risk factors for non-E. coli infection or infection caused by antibiotic-resistant
bacteria should be assessed in each case, such as recent antibiotic therapy, antibiotic prophy-
laxis, or prior hospitalizations [1]. Therefore, while choosing empirical antibiotic therapy
for the treatment of a UTI, recent local recommendations for antibiotic use should be taken
into consideration.

This study aimed to analyze the urine culture result and antimicrobial pattern changes
over the last 5 years in children diagnosed with a UTI and hospitalized in a tertiary
care center for pediatric nephrology in Wroclaw in the southwestern region of Poland.
Additional analyses of causative agents and antibiotic resistance patterns in the subgroup
of children with CAKUT and children with neurogenic bladder were performed.

2. Results
2.1. Study Group Characteristic

The final study group consisted of 140 patients diagnosed with a UTIL. There were
89 girls (63.57%) and 51 boys (36.43%). Patients” age varied from 1 month to 17.92 years;
the mean age was 5.23 years. For 49 patients (35%), it was the first episode of a UTL In
the whole study group, there were 62 children (44.29%) with CAKUT, 17 (12.14%) with a
neurogenic bladder, 30 children (21.43%) underwent urological surgery in the past, and
22 patients (15.71%) received antibiotic prophylaxis because of a recurrent UTL

2.2. Etiology of a UTI

The most common causative agent was E. coli, responsible for 64.29% of UTIs in the
whole study group. Among non-E. coli UTIs, the dominating causative bacteria were
Klebsiella spp. (16.43%), followed by Pseudomonas spp., Enterobacter spp., Proteus spp., and
Enterococcus spp. The prevalence of uropathogens identified in all analyzed urine cultures
is presented in Figure 1.

We found no significant differences in UTI etiology in children with the first episode
of a UTI and those who suffered from UTlIs in the past. Non-E. coli UTIs were significantly
more frequently observed in patients with CAKUT or neurogenic bladder and patients
receiving antibiotic prophylaxis (Table 1).
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Figure 1. Prevalence (%) of bacterial pathogens causing a UTI in the study group in 2018-2022.

Table 1. Etiology of a UTI in different subgroups of patients.

Number of
Patients” Subgroup  Patients in the E. coli non-E. coli p Value
Subgroup
First episode of UTI 49 36 (73.5%) 13 (26.5%) 0.09
>1 UTI in the past 91 54 (59.3%) 37 (40.7%) :
CAKUT 62 28 (45.2%) 34 (54.8%)
No abnormalities in 61 54 (88.5%) 7 (11.5%) <0.001
urinary tract
Neurogenic bladder 17 8 (47.1%) 9 (52.9%)
No abnormalities in 61 54 (88.5%) 7 (11.5%) <0.001
urinary tract
Antibiotic o) 6 (27.3%) 16 (72.7%)
prophylaxis 0.001
No antibiotic <U-
118 84 (71.2%) 34 (28.8%)

prophylaxis

The prevalence of different etiologic factors for a UTI differed in children with CAKUT
or a neurogenic bladder and children without diagnosed abnormalities in the urinary tract
(Figure 2).
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Figure 2. Etiology of a UTI in children with CAKUT or a neurogenic bladder and children without
diagnosed abnormalities in the urinary tract.

2.3. Antibiotic Resistance Patterns

In the analysis of antibiotic resistance patterns, we focused on E. coli and Klebsiella
spp., as these two were the most common uropathogens in all analyzed urine cultures. The
susceptibility categories, according to the definitions proposed by the European Committee
for the Study of Antimicrobial Susceptibility (EUCAST) in 2019, were used and were as
follows: “susceptible”, “susceptible-increased exposure”, and “resistant”. The category
“susceptible-increased exposure” replaced the previously used term “intermediate” and
indicates that to achieve clinical success, the antimicrobial dosage should be adjusted, and
a higher concentration of a drug at the site of infection is required [13].

2.3.1. Antibiotic Resistance Patterns for E. coli

For the whole study period, 32.22% of E. coli strains were resistant to
amoxicillin/clavulanic acid, 23.33% to trimethoprim/sulfamethoxazole, 12.22% to
ciprofloxacin, and 4.44% to nitrofurantoin. Resistance to cefuroxime was found in 7.77% of
cultured E. coli, and 34.44% of strains were classified as susceptible-increased exposure. The
resistance rate to third-generation cephalosporins (cefotaxime, ceftazidime, and cefixime)
was 10%. Six strains producing extended-spectrum (3-lactamases (ESBL) were found in all
E. coli-positive urine cultures (6.66%).

During 2018-2022, we observed that the prevalence of E. coli resistant to amoxi-
cillin/clavulanic acid varied from 16.67% to 41.18% (Figure 3). The prevalence of resistance
of E. coli to cefuroxime increased four times in the analyzed period (from 4% to 16.67%).
Also, starting in 2021, all isolated E. coli strains were classified as either susceptible-increased
exposure or resistant to cefuroxime (Figure 4).
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Figure 3. Prevalence (%) of E. coli resistant to amoxicillin/clavulanic acid in 2018-2022.
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Figure 4. Changes in prevalence (%) of E. coli resistant to cefuroxime and susceptible-
increased exposure to cefuroxime in 2018-2022.

2.3.2. E. coli Antibiotic Resistance in Patients with No Abnormalities in the Urinary Tract,
with CAKUT and a Neurogenic Bladder

The prevalence of E. coli strains resistant to amoxicillin/clavulanic acid was the highest
among patients with CAKUT (43%) in comparison to children with a neurogenic bladder
(38%) and patients with no abnormalities in the urinary tract (26%). Similar discrepancies
between groups were observed for E. coli isolates classified as susceptible-increased expo-
sure to cefuroxime. For trimethoprim/sulfamethoxazole, ciprofloxacin, and nitrofurantoin,
the highest percentage of resistant E. coli was identified in groups of children with a neuro-
genic bladder (38%, 50%, and 25%, respectively) and those with CAKUT (32%, 11%, and
4%, respectively). Resistance patterns of E. coli isolated from different groups of patients
are presented in Figure 5.
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Figure 5. Resistance patterns of E. coli isolated from patients without abnormalities in the urinary
tract, in children with CAKUT, and with a neurogenic bladder. R—resistant; I—susceptible-increased

exposure.

2.3.3. Antibiotic Resistance Patterns for Klebsiella spp.

The Klebsiella spp. accounted for 16% of UTIs in the study group. The prevalence of
strains resistant to amoxicillin/clavulanic acid was 43.48% and to ampicillin 21.74%. For
cephalosporins, the highest resistance rate was for cefuroxime (30.43%) and cefotaxime
(30.43%), followed by cefepime (21.74%), ceftazidime (13.04%), and cefixime (13.04%). There
were 26.09% of Klebsiella spp. isolates resistant to trimethoprim/sulfamethoxazole. Among
all Klebsiella spp. isolates, six strains (26.1%) producing extended-spectrum (3-lactamases
(ESBL) and one strain (4.4%) producing AmpC (-lactamases (AmpC) were identified.

2.4. Antibiotic Resistance Risk Factors Analysis

To assess the risk factors of a UTI caused by antibiotic-resistant bacteria, a multiple
regression model was applied. Analyzed risk factors were age, gender, first episode of
a UTI vs. more than one UTI in the past, diagnosed CAKUT or a neurogenic bladder,
previous antibiotic therapy for a UTI or other infections, antibiotic prophylaxis against
UTlIs, and past urological surgery.

The results show a significant regression equation (F = 2.629, p < 0.008, AR2 = 0.954).
The model revealed that a neurogenic bladder and urological surgery in the past are
positively correlated with UTIs caused by antibiotic-resistant bacteria (p < 0.05). In contrast,
there was a negative correlation between previous antibiotic prophylaxis and a UTI caused
by resistant uropathogens (p < 0.05). The results of multivariate regression are presented in
Table 2.
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Table 2. Results of multiple regression analysis predicting a UTI caused by bacteria resistant to at
least one antibiotic.

Variable B Std. Err. of B B p Value
Gender 0.103 0.089 0.103 0.253
Age 0.077 0.092 0.007 0.403
First eSITSIOde of 0.020 0.136 0.019 0.890
CAKUT 0.052 0.098 0.051 0.592
Neurogenic
bladder 0.249 0.100 0.370 0.014
Previous
antibiotic
0.031 0.132 0.031 0.811
therapy for a
UTI
Previous
antibiotic 0.041 0.084 0.091 0.629
therapy for other ’ ' ' '
infection
Antibiotic
prophylaxis for a —0.193 0.091 —0.258 0.036
UTI
Urological
surgery in the 0.217 0.092 0.256 0.021
past

B—unstandardized coefficient; Std. Err.—standard error; B—standardized coefficient.

2.5. Prescribed Antibiotic Therapy

In general, the most frequently used antibiotic chosen empirically or continued if
started in other hospitals was cefuroxime (33.58%), followed by furazidine (20.44%), amoxi-
cillin/clavulanic acid (18.98%), third-generation cephalosporines (13.87%), and trimetho-
prim/sulfamethoxazole (8.03%) (Figure 6).

2.92% _

1.46% 0 ki

20.44%

® amoxicillin/clavulanicacid u cefuroxime
u third generation cephalosporines furazidine
H ciprofloxacine H colistine

N meropenem u trimethoprim/sulfamethoxazol

Figure 6. Administered antibiotic therapy chosen empirically or continued if started in other
hospitals.
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In 36 cases (25.71%), the treatment needed to be changed and adjusted according to the
antibiogram. The most common uropathogen isolated in these cases was E. coli, identified
in 58.33% (21) urine cultures. Among this group of patients, there were 9 (25%) children
with a first episode of a UTI, 15 (41.17%) children with CAKUT, and 7 (19.44%) children
with a neurogenic bladder. A history of previous antibiotic therapy for a UTI or other
infections was positive in 22 patients (61%), and 7 patients (19.44%) received antibiotic
prophylaxis because of a recurrent UTI.

3. Discussion

UTls in children are a common problem in clinical practice. Involvement of renal
parenchyma may lead to inflammation and renal scarring, with long-term consequences
such as hypertension and impaired renal function [1,3,14]. Thus, proper management of a
UTI includes promptly starting empiric antibiotic therapy, which is essential to treat acute
infection and prevent its possible complications [1,3,4,14].

The most common causative agents for a UTI in our study were E. coli and other
enteric bacteria, such as Klebsiella spp., Proteus spp., Enterococcus spp., and Enterobacter spp.,
which is in line with previous observations [1,4,12,14]. Our study confirmed that children
with CAKUT and a neurogenic bladder are particular groups of patients prone to UTIs
caused by non-E. coli bacteria and uropathogens characterized by higher rates of resistance
to different antibiotics [1,3,4,12,14-17]. Nevertheless, the most common causative agent for
a UTT in children with CAKUT is E. coli [15,18].

We found no significant differences in UTI etiology in children with a first episode
of a UTI and those who suffered from UTIs in the past. A relatively high percentage of
non-E. coli infections in children with the first episode of a UTI may be related to the
characteristics of this subgroup, in which 1/3 of patients were children with CAKUT,
and 8.16% underwent urological surgery in the past. When choosing the optimal therapy
for UTI, local recommendations for antibiotic therapy and individual assessment of each
patient’s risk factors for non-E. coli and drug-resistant bacteria infection should be carefully
evaluated [1,3,14,19].

In different European regions, the percentage of E. coli strains isolated from pediatric
patients with a UTI resistant to amoxicillin/clavulanic acid varied from 12.2% in Greece [20]
to approximately 25% in Italy [21] and Spain [22]. Hrbacek et al. (2020) reported resistance
of E. coli to amoxicillin/clavulanic acid of 10% in Central Europe in urine cultures of adult
patients hospitalized in the urology department [23]. The alarming trend of increasing
antibiotic resistance of E. coli in pediatric patients diagnosed with a UTI within a rela-
tively short period and with a velocity of approximately 2% per year was reported by
Dejonckeheere et al. [24].

In our study, the prevalence of E. coli resistant to amoxicillin/clavulanic acid was
32%. The rising problem of the resistance of E. coli to amoxicillin/clavulanic acid is
highlighted in the updated Recommendations of the Polish Society for Pediatric Nephrology
regarding the management of children with urinary tract infections published in 2021 [19].
According to the recommendations, amoxicillin/clavulanic acid in treating a UTI should be
considered only for confirmed susceptibility [19]. The study conducted in the northeastern
region of Poland among children diagnosed with a UTI reported the prevalence of E. coli
resistant to amoxicillin/clavulanic acid at 24.8% [25]. On the other hand, the resistance
to amoxicillin/clavulanic acid in the southern region of Poland in the adult population
reached 49.9% [26]. These data indicate that the susceptibility to antibiotics may vary
significantly between regions within one country. In the study group, it is noteworthy
that the number of children hospitalized in the past and probably colonized with hospital-
acquired pathogens is relatively large. This might partially explain the origin of a high rate
of E. coli isolates resistant to amoxicillin/clavulanic acid.

We identified 7.7% of E. coli isolates resistant to cefuroxime. According to recent
European studies in pediatric patients with a UTI, the rate of E. coli resistant to cefuroxime
ranges from 14.5% in Germany [27] to 19% in Ukraine [28]. In Greece, the resistance rates
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for first and second-generation cephalosporines were 3.3% for cefoxitin and 28.8% for
cephalothin [20]. Regarding the resistance of E. coli to third-generation cephalosporines,
our results align with data from other Polish regions [25,29].

Several recently published studies describe the alarming trend of decreasing sensitivity
to antibiotics [22,24,25,28,30-32]. We observed a significant growth in the percentage of E.
coli strains classified as susceptible-increased exposure or resistant to cefuroxime. Similarly,
Budnik et al. reported that sensitivity to cefuroxime was confirmed in only every second
child with a UTI [28]. Although the sensitivity to third- and four-generation cephalosporins
remains relatively high [21,28,29,32], some studies revealed increasing resistance with
an estimated rate of 1% per year [24]. This trend may have a significant implication for
clinical decisions in the future. Recent Polish recommendations in the management of
acute pyelonephritis in children older than 3 months indicate second- or third-generation
cephalosporines or amoxicillin/clavulanic acid (only in case of confirmed sensitivity) or
ciprofloxacin (as “emergency” therapy in a clinically justified situation) as the first-choice
antibiotic [19]. Changes in antimicrobial resistance patterns in a relatively short period
suggest the need to frequently update local recommendations for empiric antibiotic therapy
in UTIs.

In } of cases, there was a need to change the antibiotic therapy chosen empirically or
continue if started in other hospitals. According to the literature, the rate of inadequate
empirical antibiotic therapy in pediatric patients with a UTI in different centers varied
from 5 to 22% [33,34]. The risk of prescribing empirical antibiotics to which the cultured
pathogen was later found resistant at an antibiogram was higher in cases of a UTI caused
by Klebsiella spp., Enterobacter spp., and mixed organisms [34]. The clinical outcome of
inadequate antibiotic therapy differed between antibiotic groups [33]. Among the most
frequently chosen initial antibiotic therapy, a combination of penicillin and -lactamase
inhibitors presented a high failure rate and was ineffective in 57% of cases [33]. Despite
the proven resistance of bacteria in urine culture, clinical improvement was observed in
more than half of pediatric patients with UTIs on discordant therapy [33]. Jerardi et al.
showed no significant differences in time of fever resolution between patients with UTI
on inadequate and adequate antibiotic therapy [34]. Wang et al. assessed the clinical
response in discordant therapy in children treated for UTIs caused by pathogens resistant
to third-generation cephalosporins and reported clinical improvement in more than 80% of
cases [35]. These findings indicate that despite the resistance of an isolated uropathogen,
empiric therapy might still be clinically effective. Nevertheless, before starting the initial
antibiotic therapy for a UTI, clinicians should search for and carefully evaluate all the
factors that may determine the optimal choice of first-line antibiotic treatment.

The results of the multiple regression model were performed to identify risk factors
for a UTI caused by resistant bacteria and showed that a neurogenic bladder and urologi-
cal surgery in the past are positively correlated with a UTI caused by antibiotic-resistant
bacteria. Our results also showed that UTIs in children with CAKUT and a neurogenic
bladder are more frequently caused by non-E. coli bacteria. Based on our findings, we
would suggest avoiding amoxicillin/clavulanic acid as an empirical treatment of patients
with CAKUT and a neurogenic bladder due to the resistance rate of E. coli of approximately
40% and ciprofloxacin in patients with a neurogenic bladder (isolated E. coli strains re-
sistant in 50%). In both groups, the dose of cefuroxime should be carefully adjusted, as
the percentage of E. coli classified as susceptible to increased exposure reached 38-46%.
These findings might be a suggestion when choosing the empirical therapy for a UTI in
patients with CAKUT or a neurogenic bladder. Past antibiotic therapy and results of previ-
ously performed urine cultures might also be helpful in the decision-making and should
be considered.

Another problem in the management of UTIs is the prevention of recurrent infections in
particular groups of patients. There is no consensus regarding the prescription of antibiotic
prophylaxis. According to the literature, the incidence of a UTI caused by resistant bacteria
in children receiving antibiotic prophylaxis has doubled in the last few years [15]. Recent
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studies search for effective non-antibiotic prophylaxis methods, including dietary sup-
plements, probiotics, immuno-stimulants, and vaccines [36-39]. However, more research
is required to draw evidence-based recommendations for preventing recurrent UTIs in
clinical practice.

This study presents several limitations. Its retrospective character is connected with
a risk of missing or incorrect data. The study group is relatively small. As data were
collected in a tertiary center for pediatric nephrology, the percentage of children with
diagnosed kidney and urinary tract abnormalities in the study group is relatively higher
than in the general population. In a tertiary center, the percentage of children who were
hospitalized before, including hospitalizations due to previous UTlIs, urological procedures,
or to conduct a diagnostic of the urinary tract, is higher than in a regional hospital, and
patient colonization with hospital-acquired bacteria may result in differences in the etiology
of a UTI and bacteria resistance. Nonetheless, the antimicrobial patterns we observed
reflect the antibiotic resistance of uropathogens in our region, and additional analysis
of urine culture isolated from particular groups of patients might be useful in everyday
clinical practice.

4. Materials and Methods

A retrospective analysis of medical records of patients aged from 1 month to
18 years old hospitalized in the Pediatric Nephrology Department at the Wroclaw Univer-
sity Hospital diagnosed with UTI in 2018-2022 was performed. Inclusion criteria were
a diagnosis of a UTI according to the ICD-10 code N39.0 or N39.8 (in the case of N39.8,
descriptive diagnosis of a UTI was required) confirmed by the presence of leukocyturia
and significant bacteriuria in urine culture. We collected demographic data such as age
and gender, present and past medical history, and laboratory test results, including urine
culture. For each positive urine culture, we collected the following data: microorganism
identified, number of colony-forming units per mL (CFU/mL), mechanism of resistance if
present, and antibiotic sensitivity profile. The urine sample collection methods used for
the urine culture in the Clinical Department of Pediatric Nephrology at Wroclaw Medical
University are clean-catch, midstream, or catheterization.

After the initial data search, we identified 242 records of children with ICD-10 codes of
N39.0 or N39.8 and descriptive diagnoses of a UTL. We excluded from the analysis 67 cases
of patients with negative urine culture or no urine culture available (patients who were
referred to our center to continue treatment and diagnostics with antibiotic therapy for a
UTI started prior to admission to our center), 3 patients with fungal urinary tract infection,
15 patients with a mixed urine culture, 16 patients who were hospitalized to conduct the
diagnostic process due to recurrent UTIs, and 1 asymptomatic patient with a neurogenic
bladder with a positive urine culture before urological procedure. For the final analysis,
140 cases were included (Table 3).

Table 3. Number of records screened and included in the final analysis according to year of

hospitalization.
o ls Nu.n?ber of I.{ecord.s. Number of Records Included
Year of Hospitalization Identified During Initial . . .
in the Final Analysis
Data Search
2018 65 40
2019 39 21
2020 45 26
2021 45 25
2022 48 28
Total 242 140

In the final study group, 111 patients (79.29%) were referred to the hospital because of
symptoms suggesting a UTI, 9 patients (6.43%) because of the incorrect result of control
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urine tests performed in ambulatory settings, and 20 children (14.29%) to conduct or
continue diagnostic toward CAKUT or other disorders of the urinary tract. In the latter
group of patients, the diagnosis of a UTI was based on the results of urine samples collected
during the admission to the hospital ward (in the case of leukocyturia in the urinalysis, a
urine sample was collected and cultured). None of the diagnosed UTIs were classified as
nosocomial infections, defined as infections acquired during the process of care (including
prevention, diagnosis, or treatment) and not present or incubating at admission.

Collected data were inserted into a database with anonymity secured. Statistical
analysis was performed with the use of Microsoft Excel and STATISTICA software. A
comparison of UTI etiology between particular subgroups of patients was conducted using
the chi-square test. The multiple regression model was used to assess the possible risk
factors related to UTIs caused by resistant bacteria. The significance level was assumed as
p < 0.05.

5. Conclusions

Although UTIs are among the most common bacterial infections in children, their
management in clinical practice remains challenging. Children with CAKUT and a neuro-
genic bladder are particular groups of patients with a higher prevalence of a UTI caused
by non-E. coli bacteria and antimicrobial-resistant pathogens. Nevertheless, E. coli remains
the most common causative agent of UTIs in children and those diagnosed with CAKUT.
The choice of optimal empiric treatment should be considered in accordance with local
recommendations and individual risk factors assessment in each patient. We observed
an alarming trend of an increasing percentage of E. coli strains classified as resistant or
susceptible-increased exposure to second-generation cephalosporins, among the most com-
monly chosen first-line therapies for febrile UTIs. This implies careful dosage adjustment
and suggests the need for frequent updates of local recommendations for the management
of pediatric patients with UTlIs.
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