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Abstract

Oz

Objective: The objective of this study was to determine the antibiot-
ic susceptibility of E. coli and non-E. coli bacteria and contribute to the
determination of empirical antibiotic treatment with the retrospective
evaluation of urinary tract infection (UTI) patients diagnosed in our clinic.

Material and Methods: The data of patients aged 0 to 16 years, who
were diagnosed with UTI in our clinic between 2018 and 2021, were ret-
rospectively evaluated by using digital medical records. Patients with E.
coli and non-E. coli growth in urine culture were defined as possible par-
ticipants. Sixty-six patients were included in each study group.

Results: Our study was conducted on 132 children. The rate of E. coli in-
fection was higher among female patients. Underlying risk factors were
found in 47% of children. Regarding the E. coli group, urinary erythrocyte
and bacterial counts were higher in the non-E. coli group. Neutrophil to
lymphocyte ratio, C-reactive protein, urea, creatinine, and blood urea
nitrogen values were higher in patients with urinary system anomalies
compared to those without urinary system anomalies. Antibiogram re-
sults demonstrated a high rate of antibiotic resistance in both groups.

Conclusion: In our study, the underlying risk factors were more common
in patients with non-E. coli, and abnormality in urinary tract imaging was
more frequent. In addition, high rates of antibiotic resistance were deter-
mined in our study. We conclude that antibiotics should be chosen very
carefully, and the healthcare personnel should be educated in unneces-
sary antibiotic use.

Keywords: Antibiotic resistance, children, E. coli, non-E. coli, urinary sys-
tem infection

Giris: Klinigimizde Uriner sistem enfeksiyonu (USE) tanisi alan hastalari
retrospektif inceleyerek E. coli ve non-E. coli gram negatif bakterilerin an-
tibiyotik duyarliliklarini tanimlamak ve ampirik antibiyotik tedavilerinin
secimine katki saglamak amaclanmistir.

Gereg ve Yontemler: 2018-2021 yillan arasinda klinigimizde USE tanisi
alan 0-16 yas arasindaki hastalarin verileri bilgisayar kayitlarindan ret-
rospektif olarak incelendi. Idrar kiiltiiriinde E. coli ve non-E. coli iremesi
gozlenen hastalar katiimci olarak belirlendi. Her iki gruptan 66 hasta ¢a-
lismamiza dahil edildi.

Bulgular: Calismamiz 132 ¢ocuk ile yapilmistir. E. coli enfeksiyonu tespit
edilenlerde kizlarin orani daha yiiksek bulunmustur. Cocuklarin %47'sin-
de altta yatan risk faktorleri bulundu. E. coli grubu icin idrarda eritrosit ve
bakteri sayilari non-E. coli grubundan yiiksek bulunmustur. Uriner sistem
anomalisi olanlar nétrofil lenfosit orani, C-reaktif protein, Ure, kreatinin ve
kan Ure azotu degerleri Uriner sistem anomalisi olmayanlara kiyasla ytk-
sek bulunmustur. Antibiyogramda ise her iki grupta da yiiksek antibiyotik
direncleri dikkati cekmektedir.

Sonug: Calismamizda non-E. coli saptanan hastalarda altta yatan risk
faktorleri daha sik gorilmas, Uriner goriintelemede ise etkilenmenin
daha fazla oldugu belirlenmistir. Ayrica calismamizda yliksek antibiyotik
direncleri dikkati cekmektedir. Hastalar tedavi edilirken antibiyotik se-
c¢iminde cok dikkatli davranilmali, halk ve saglik personeli bu gereksiz
antibiyotik kullanimi konusunda bilin¢lendirilmelidir.

Anahtar Kelimeler: Antibiyotik direnci, ¢ocuklar, E. coli, non-E. coli,
Uriner sistem enfeksiyonu
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E. coli vs.non-E. coli UTls in Children

Introduction

Urinary tract infection (UTI) is one of the most prevalent
bacterial infections in children (1). UTI can affect any region
of the urinary system and can cause serious complications
in children leading to various morbidities and mortality (2).
These complications include hypertension, chronic kidney
disease, renal failure, and urosepsis (3).

Escherichia coliis the most common bacterium among the
pathogens causing UTls. E. coli is found in the normal flora of
the urinary system. However, it can become pathogenic under
certain conditions. In addition to E. coli, some other bacteria
such as Klebsiella, Proteus, Enterococcus, and Pseudomonas can
also cause UTls. These bacteria are called non-E. coli (4).

UTl is a treatable infection, and uropathogens and antimi-
crobial resistance play an important role in the treatment. Ear-
ly initiation of treatment in patients with suspected UTI reduc-
es morbidity. Therefore, selection of the appropriate antibiotic
is critical. Administration of inappropriate and ineffective an-
tibiotics can lead to treatment failure and the emergence of
resistant species. UTI pathogens have been often reported to
have different rates of antibiotic resistance (4-8).

Our objective in this study was to determine the distribu-
tion and frequency of E. coli and non-E. coli growth in subjects
followed for UTI according to the demographic data such as
age and sex, to determine the underlying predisposing fac-
tors, to evaluate the laboratory results and the presence of the
underlying urinary system anomalies and antibiotic suscepti-
bilities of the pathogens, and to contribute to the selection of
the correct antibiotic treatment in light of these findings.

Materials and Methods

Patients aged between one month to 16 years, who were
diagnosed with UTI between 2018 and 2021 in our Pediatrics
clinic at University of Health Sciences, Bagcilar Training and
Research Hospital, were selected as participants. Patients with
E. coliand non-E. coli growth in their urine cultures were divid-
ed into two groups. Patients with E. coli growth were included
in Group 1 and patients with non-E. coli growth were included
in Group 2. Each group consisted of 66 patients.

Patient data was obtained retrospectively from digital
medical records. As 66 patients were considered suitable for
the non-E. coli group, another 66 patients, who fulfilled the
inclusion criteria and had E. coli growth in their urine culture
between 2020-2021 were included in the E. coli group.

In order to include only community-acquired UTI cases,
children who developed UTI during hospitalization or with-
in 48 hours after discharge were excluded from the study. In
addition, patients with neurogenic lower urinary tract dys-
function, chronic renal failure, and immunodeficiency were
excluded from the study. In patients with UTI, a urine culture

with a growth of 100.000 colonies or more in the midstream
urine and 10.000 colonies or more in the bladder catheteriza-
tion urine was considered a positive urine culture (9). Patients
with a pathogen growth below the abovementioned colony
counts or with multiple growths in the urine collected with a
urine bag were excluded from the study. Gender, age, month
of admission, complete urinalysis results, culture antibiogram
results, and radiologically confirmed urinary pathology find-
ings were recorded for all patients diagnosed with UTI.

Pediatric urinary tract infections with E. coli and non-E. coli
growth in the urine culture were grouped by using statistical
methods with the data obtained from the medical records and
epidemiologic, laboratory, and urinary imaging findings were
compared.

Ethics committee approval was obtained from a local eth-
ics committee and the study was conducted in accordance
with the Declaration of Helsinki (Date: Jan 6, 2022, No: 27).

Statistical Analysis

The data obtained in the study were analyzed using the
IBM SPSS Statistics 22 software package (IBM SPSS, Tirkiye).
Normal distribution of the study parameters was evaluated
with the Shapiro-Wilks test. The Student’s t-test was used to
evaluate the comparison of the quantitative data along with
descriptive statistical methods (mean, standard deviation, fre-
quency) and intergroup comparison of the parameters that
showed normal distribution. The Mann-Whitney U test was
used for comparison between the groups of parameters that
did not show normal distribution. Chi-squared test, Fisher’s ex-
act test, Fisher-Freeman-Halton test, and continuity (Yates) cor-
rection were used for the comparison of the qualitative data.
Statistical significance was evaluated at the level of p< 0.05.

Results

The study was conducted on 132 children. Fifty-two
(39.4%) were males and 80 (60.6%) were females. Mean age
was 38.73 + 48.42 months. The age at diagnosis was between
0-3 months in 29.5% of children, between 3-24 months in
28.8%, between 24-60 months in 14.4%, and over 60 months
in 27.3% of children (Table 1).

In Group 1 (E. coli), mean age of the children was 38.89 +
42.59 months. Of these, 27.3% were aged 0-3 months, 24.2%
were aged 3-24 months, 19.7% were aged 24-60 months, and
28.8% were older than 60 months. In Group 2 (non-E. coli),
mean age was 38.58 + 53.97 months. Of these, 31.8% were
aged 0-3 months, 33.3% were added 3-24 months, 9.1% were
aged 24-60 months, and 25.8% were older than 60 months.
There was no statistically significant difference between the
groups on behalf of the examination age, examination date
distribution rates, and examination age group distribution
rates (p> 0.05) (Table 1).
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Table 1. Evaluation of the general characteristics between the groups

Group 1 (E. coli) Group 2 (non-E. coli) Total
Mean £+ SD Mean £ SD Mean £ SD p
Mean Age at Examination (months) 38.89£42.59 3858 £53.97 38.73£4842 0.3291
n (%) n (%) %
Age at Examination 1-3 months 18 (27.3%) 21 (31.8%) 29.5 0.2763
3-24 months 16 (24.2%) 22 (33.3%) 28.8
24-60 months 13 (19.7%) 6 (9.1%) 144
>60 months 19 (28.8%) 17 (25.8%) 273
Sex Boys 16 (24.2%) 36 (54.5%) 394 0.0014*
Girls 50 (75.8%) 30 (45.5%) 60.6
'Mann-Whitney U Test.
“Fisher-Freeman-Halton Test.
3Chi-square Test.
“Continuity (Yates) Correction.
*p< 0.05

While 24.2% of the patients in Group 1 were boys, 75.8%
were girls. The same rates in Group 2 were 54.5% and 45.5%,
respectively. The rate of girls in Group 1 was significantly high-
er than the same rate in Group 2 (p< 0.05) (Table 1).

The most common symptom among the participating
children was fever (65.2%), and the patients had presented to
the hospital with complaints of vomiting (20.5%), irritability
(18.2%), flank pain (12.1%), dysuria (15.9%), abdominal pain
(12.1%), macroscopic hematuria (5.3%), bad odor in urine
(10.6%), new-onset urinary incontinence (4.5%), pollakiuria
(3%), loss of appetite (3.8%), burning sensation during mic-
turition (0.8%), and oliguria (0.8%). There was no statistically

Table 2. Evaluation of the complaints at admission between the groups

significant difference between the groups for the symptoms
at admission (p> 0.05) (Table 2).

In Group 2 (non-E. coli), the following bacteria were isolated
in the urine cultures: Klebsiella pneumoniae (54.5%), Klebsiella
oxytoca (%3), Klebsiella ornithinolytica (1.5%), Staphylococcus
aureus (3%), Staphylococcus epidermidis (1.5%), Morganella
morganii (1.5%), Pseudomonas aeruginosa (4.5%), Enterobacter
cloacae (4.5%), Proteus vulgaris (1.5%), Enterococcus gallinarum
(1.5%), Proteus mirabilis (6.1%), Enterococcus faecalis (9.1%),
Enterobacter aerogenes (3%), Serratia marcescens (1.5%), Strep-
tococcus agalactiae (1.5%), and in Acinetobacter baumannii
(1.5%) (Table 3).

Group 1 (E. coli) Group 2 (non-E. coli) Total
Complaints at admission n (%) n (%) % p
Fever 49 (74.2%) 37 (56.1%) 65.2 0.0451*
Vomiting 13 (19.7%) 14 (21.2%) 20.5 1.0001
Irritability 10 (15.2%) 14 (21.2%) 182 0.4981
Flank pain 9 (13.6%) 7 (10.6%) 12.1 0.7901
Dysuria 12 (18.2%) 9 (13.6%) 159 0.6341
Abdominal pain 7 (10.6%) 9 (13.6%) 12.1 0.7901
Hematuria 4 (6.1%) 3 (4.5%) 53 0.5002
Bad odor in the urine 8(12.1%) 6 (9.1%) 10.6 0.7771
Urinary incontinence 3(4.5%) 3 (4.5%) 45 0.6602
Pollakiuria 3(4.5%) 1(1.5%) 3 -
Loss of appetite 3 (4.5%) 2 (3%) 38 0.5002
Dysuria 0 (0%) 1 (1.5%) 0.8 -
Oliguria 1 (1.5%) 0 (0%) 0.8 -
'Continuity (Yates) Correction.
“Fisher’s Exact Test.
*p< 0.05
Note: P value is not given for the parameters, whose numbers were suitable for statistical analysis, their distribution according to the groups was given.
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Table 3. Distribution of urine culture pathogens and risk factors

Group 1 (E. coli) | Group 2 (non-E. coli) Total
n (%) n (%) % p
Pathogens Detected in Urine Cultures Klebsiella pneumoniae 36 (54.5%) -
Klebsiella oxytoca 2 (3%)
Klebsiella ornithinolytica 1(1.5%)
Staphylococcus aureus 2 (3%)
Staphylococcus epidermidis 1(1.5%)
Morganella morganii 1(1.5%)
Pseudomonas aeruginosa 3 (4.5%)
Enterobacter cloacae 3 (4.5%)
Proteus vulgaris 1(1.5%)
Enterococcus gallinarum 1(1.5%)
Proteus mirabilis 4(6.1%)
Enterococcus faecalis 6 (9.1%)
Enterebacter aerogenes 2 (3%)
Serratia marcescens 1(1.5%)
Streptococcus agalactiae 1(1.5%)
Acinetobacter baumannii 1(1.5%)
Presence of Urinary Anomaly No 21 (31.8%) 41 (62.1%) 47 0.0001*
Yes 45 (68.2%) 25 (37.9%) 53
Urinary System Anomaly Hydronephrosis 3(14.3%) 8(19.5%) 17.7 04472
Calculi 5(23.8%) 12 (29.3%) 274 0.8773
VUR 10 (47.6%) 18 (43.9%) 452 0.9933
Duplicated ureter 1 (4.8%) 0 (0%) 1.6 -
Cyst 1 (4.8%) 0 (0%) 16 -
Malrotated left kidney 1 (4.8%) 0 (0%) 16 -
Bladder exstrophy 1 (4.8%) 0 (0%) 1.6 -
Ureter stricture 0 (0%) 1(2.4%) 1.6 -
UPJ stenosis 0 (0%) 3(7.3%) 4.8 -
Duplex collecting system 0 (0%) 1(2.4%) 1.6 -
Horseshoe kidney 0 (0%) 1(2.4%) 1.6 -
Unilateral renal agenesis 0 (0%) 1(2.4%) 1.6 -
Cystic mass 0 (0%) 1(2.4%) 1.6 -
PUV 0 (0%) 1(2.4%) 16 -
Ureterocele 0 (0%) 1 (2.4%) 16 -
'Mann-Whitney U Test.
“Fisher-Freeman-Halton Test.
3Chi-square Test.

A urinary system anomaly was detected in 47% of partici-
pants, while no urinary system anomaly was detected in 53%
of participants. The rates of urinary system anomalies in Group
1 and Group 2 were 31.8% and 62.1%, respectively. The rate of
urinary system anomalies in Group 2 was significantly higher
than in Group 1 (p< 0.05) (Table 3).

Regarding patients in Group 1, 47.6% had vesicoureteral
reflux (VUR), 23.8% had calculi, 14.3% had hydronephrosis,

4.8% had duplicated ureter, 4.8% had cyst, 4.8% had malrotat-
ed left kidney, and 4.8% had bladder exstrophy. Considering
patients in Group 2, 43.2% had VUR, 29.3% had calculi, 19.5%
had hydronephrosis, 7.3% had uteropelvic junction (UPJ) ste-
nosis, 2.4% had ureteral stricture, 2.4% had duplex collecting
system, 2.4% had horseshoe kidney, 2.4% had left kidney
agenesis, 2.4% had cystic mass, 2.4% had posterior urethral
valve (PUV), and 2.4% had ureterocele. No statistically signifi-
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cant difference was found when the prevalence of urinary sys-
tem anomalies was compared between the groups. (p> 0.05)
(Table 3).

Mean urine leukocyte, erythrocyte, and bacterial counts
in the urine of the children were 188.62 + 355.54, 60.3 +
273.77, and 10.84 + 24.33, respectively. Mean urinary density
was 1012.72 + 8.34 and the mean urine pH was 6.34 + 0.63.
Proteinuria test was negative in 49.2% of the children, while
erythrocyte dipstick test was negative in 27.3% of the chil-
dren. Urine nitrite test was positive in 40.2% of patients, while
all participants had a positive urine leukocyte esterase test
(Table 4).

Urine erythrocyte count, bacterial count, and positive
urine nitrite test rates were significantly higher in Group 1

Table 4. Evaluation of urinalysis between groups

compared to Group 2 (p< 0.05). There was no statistically sig-
nificant difference between the groups for urine leukocyte
count, proteinuria, positive leukocyte dipstick rate, positive
erythrocyte dipstick rate, urine density, and urine pH values
(p> 0.05) (Table 4).

Regarding the complete blood count of the children, mean
neutrophil/lymphocyte ratio was 2.3 + 2.87, mean platelet
count was 371.81 + 130.8, mean MPV was 9.78 + 0.95, mean
CRP was 57.69 + 65.42, mean urea level was 19.62 + 8.65, and
creatinine level was 0.31 + 0.15. CRP levels in Group 1 were
significantly higher than in Group 2 (p< 0.05). There was no
statistically significant difference between the groups for neu-
trophil/lymphocyte ratio, platelet count, MPV, urea, creatinine,
and BUN parameters (p> 0.05) (Table 5).

Group 1 (E. coli) Group 2 (non-E. coli) Total
Urinalysis Mean + SD Mean + SD Mean + SD P
Leukocyte 172.36 £213.09 165.88 +331.84 188.62 £ 355.54 0.092!
Erythrocyte 31.12+£4048 2892 £53.05 30.02 £47.01 0.027™
Bacteria 16.2+30.78 548 £13.69 10.84 +24.33 0.003™
Density 1013.14£7.49 10123 £9.15 1012.72 £8.34 0.200'
pH 6.3+049 6.38+0.74 6.34 +0.63 0.904'
n (%) n (%) (%)
Proteinuria Negative 26 (39.4%) 39 (59.1%) 492 0.067?
Positive 40 (60.6%) 27 (40.9%) 508
Nitrite Negative 28 (42.4%) 51(77.3%) 59.8 0.000%
Positive 38 (57.6%) 15 (22.7%) 40.2
Leukocyte esterase Positive 66 (100%) 66 (100%) 100
Erythrocyte dipstick Negative 13(19.7%) 23 (34.8%) 273 0.140?
Positive 53 (80.3%) 22 (65.2%) 73.7
'Mann-Whitney U Test.
2Chi-square Test.
*Continuity (Yates) Correction.
*p< 0.05
Table 5. Evaluation of the laboratory findings between groups
Group 1 (E. coli) Group 2 (non-E. coli) Total
Mean = SD Mean £+ SD Mean £ SD p
Neutrophil/Lymphocyte Ratio 245+328 214+241 23+287 0.675'
Platelet (10°/uL) 35226 +130.7 39136 £ 12892 371.81+£130.8 0.086°
MPV (fL) 9.73£0.86 983+ 1.03 9.78 £0.95 0.565°
CRP (mg/L) 69.53 = 68.95 4586 +£59.9 57.69 £6542 0.028™
Urea (mg/dL) 19.18+8.3 20.07 £9.02 19.62 + 8.65 0.679'
Creatinine (mg/dL) 03+0.13 031+0.16 031+0.15 0.879'
BUN (mg/dL) 885+373 946 +4.14 9.15+394 0.531"
'Mann-Whitney U Test.
Student’s t test.
*p< 0.05
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Antibiotic resistance according to the antibiograms of the
microorganisms in Group 1 and Group 2 is shown in the table/
figure (Table 6). In the E. coli group, 33 (50%) bacteria and in
the non-E. coli group, 25 (46%) bacteria were extended-spec-
trum beta-lactamase-positive.

The resistance rates of nitrofurantoin and ertapenem in
Group 2 were significantly higher than Group 1 (p< 0.05) (Ta-
ble 6).

We divided patients into two groups according to the pres-
ence or absence of urinary anomalies detected in ultrasonog-
raphy (US) examination and found that neutrophil/lympho-
cyte rate, CRP, urea, and creatinine levels were significantly
higher in the group with anomalies compared to the group
without anomalies (p< 0.05) (Table 7).

Table 6. Comparison of antibiotic susceptibility and resistance rates between groups

Group 1 (E. coli) Group 2 (non-E. coli)
Antibiotics n (%) n (%) p
Susceptible 30 (45.5%) 36 (54.5%)
TMP-SMX 0.296'
Resistant 36 (54.5%) 30 (45.5%)
Susceptible 36 (63.2%) 35 (70%)
Ciprofloxacin 0.588'
Resistant 21 (36.8%) 15 (30%)
Susceptible 22 (45.8%) 26 (47.3%)
Ceftriaxone 0.884'
Resistant 26 (54.2%) 29 (52.7%)
) Susceptible 9(39.1%) 17 (58.6%)
Cefotaxime 0.264?
Resistant 14 (60.9%) 12 (41.4%)
o Susceptible 20 (34.5%) 21 (39.6%)
Ceftazidime 0.492°
Resistant 38 (65.5%) 31 (58.5%)
) Susceptible 8 (40%) 10 (45.5%)
Cefepime 0.9642
Resistant 12 (60%) 2 (54.5%)
) Susceptible 27 (40.9%) 24 (40%)
Cefuroxime 0917
Resistant 39 (59.1%) 36 (60%)
Susceptible 13 (43.3%) 10 (34.5%)
Cefixime 0.667°
Resistant 17 (56.7%) 19 (65.5%)
Susceptible 39 (78%) 28 (62.2%)
Piperacillin-Tazobactam 0.145?
Resistant 11 (22%) 17 (37.8%)
) ) Susceptible 51(94.4%) 22 (59.5%) N
Nitrofurantoin 0.000?
Resistant 3 (5.6%) 15 (40.5%)
Susceptible 57 (98.3%) 48 (87.3%)
Meropenem -
Resistant 1(1.7%) 7 (12.7%)
Susceptible 57 (95%) 42 (75%) )
Ertapenem 0.0052
Resistant 3 (5%) 14 (25%)
Susceptible 51(77.3%) 38 (61.3%)
Gentamicin 0.077?
Resistant 15 (22.7%) 24 (38.7%)
Susceptible 10 (15.2%) 10 (15.2%)
Ampicillin 1.0007
Resistant 56 (84.8%) 56 (84.8%)
Susceptible 18 (27.3%) 23 (34.8%)
Amoxicillin-clavulanate 04522
Resistant 48 (72.7%) 43 (65.2%)
Susceptible 63 (98.4%) 56 (87.5%)
Amikacin -
Resistant 1(1.6%) 8 (12.5%)
'Chi-square Test.
“Continuity (Yates) Correction.
*Fisher-Freeman-Halton Test.
*p< 0.05
Note: P value is not given for the parameters whose numbers were suitable for statistical analysis, their distribution according to the groups was given.
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Table 7. Evaluation of the laboratory findings for the presence of urinary system anomalies

Presence of Anomalies in the Urinary System
Yes No

Mean £SD Mean + SD p
Neutrophil/lymphocyte Ratio 268 +3.19 1.69 £ 2.17 0.004"
Platelet (*bin/pL) 358.38 £ 132.29 393.14 £ 126.76 0.138?
MPV (fL) 9.7 £0.99 991 +087 0.231°
CRP (mg/L) 64.81 +67.22 46.39+£6143 0.038"
Urea (mg/dL) 2117 +£935 1718 £6.79 0.009"
Creatinine (mg/dL) 033+0.15 027 £0.13 0.005"
BUN (mg/dL) 9.85+£422 8.04+3.18 0.009™

'Mann-Whitney U Test.
Student’s t Test.
*p< 0.05.

Discussion

Urinary tract infections are one of the most common in-
fections in children and E. coli is the top-ranked pathogen in
terms of etiology. Other pathogens causing UTI, which are less
common, are classified in a single group as non-E. coli path-
ogens. This group includes Klebsiella, Proteus, Pseudomonas
species, Enterococci, coagulase-negative Staphylococci, and
other bacteria (10). In our study, the most common non-E. coli
pathogen was K. pneumoniae (27.3%), as in other studies in
the literature.

In our study, in patients with UTI, a urine culture with a
growth of 100.000 colonies or more in the midstream urine
and 10.000 colonies or more in the bladder catheterization
urine was considered a positive urine culture (9). The Amer-
ican Academy of Pediatrics (AAP) defines positive culture
as the growth of at least 50.000 CFU/mL colonies in a urine
sample obtained by bladder catheterization for the diagno-
sis of UTI (11). However, in many guidelines published in the
European region, of which our country is a part, 10.000 CFU/
mL (or even 1.000 CFU/mL) and more colonies in the bladder
catheter sample is considered as positive culture (9,12-14).
Since it has been reported that early diagnosis and treatment
in a child with a suspected UTI reduces the incidence of renal
scarring we think that the guidelines published from the Euro-
pean region are more reliable (9,14).

In the first three months of life, UTI is more common in
males than in females, but then becomes more common in
females (15,16). After the first three months of life, girls are sig-
nificantly more likely to have UTI than boys (17-19). Regarding
the total number of patients in our study, the rate of girls di-
agnosed with UTIl was 60.6%, which was consistent with the
studies in the literature. We found that the rate of UTl in girls
increased with age.

UTl increases especially in three periods of childhood. In-
fancy, when the child starts walking, and adolescence (20).
There are several studies in the literature that focused on the
age groups of patients. Although these studies investigated
different age intervals and age groups, they all reported that
UTI was particularly common in the first two years of life and
adolescence (3,17,21,22). In our study, as in other studies in
the literature, 58.5% of the patients were in the 0-2 years age
group.

The diagnosis of UTI is most difficult in children young-
er than two years of age because patients in this age group
cannot talk about their complaints. They usually present to
the hospital with complaints such as fever, irritability, vom-
iting, and loss of appetite. On the other hand, older children
can localize their complaints and describe them much better.
Children in this age group may present to the hospital with
complaints like fever, vomiting, abdominal pain, flank pain,
dysuria, pollakiuria, urinary incontinence, blood in the urine,
and etc. In adolescence, lower urinary system findings are
more common (23). In the study conducted by Hameed et
al., fever and vomiting have been found in 84.2% and 51.5%
of the patients respectively (24). Shaikh et al. have conduct-
ed a study on 1.214 patients and found fever> 39°C in 49% of
patients (25). In our study, the most common findings were
fever (65.2%) and vomiting (20.5%). Considering the studies in
the literature, the most common complaint at admission was
fever and our study supported this finding. The rate of fever in
the group with E. coli growth in urine culture (74.2%) was sig-
nificantly higher than in the group with non-E. coli growth in
urine culture (56.1%) (p< 0.05). In our study, a fever> 38°C with
tympanic measurement was considered a high fever and was
the most common symptom among participants (26).

Anatomical, structural, and functional differences in the
urinary system and lesions like stones and masses are risk
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factors for UTI. Since these anomalies can cause obstruction,
impaired urine flow and consequent retention, uropathogens
cannot be effectively cleared from the system, allowing them
to multiply and cause infections following the incubation pe-
riod (27). The relationship between urinary system anomalies
and particularly non-E. coli pathogens has been reported in
several publications in the literature. According to the Italian
Society of Pediatric Nephrology (ISPN), the following should
be investigated considering the presence of urinary anoma-
lies. Family history, abnormal US findings, children younger
than six months, detection of pathogens other than E. coli, re-
nal failure, and micturition disorders (28-30). Like ISPN, Nation-
al Institute for Health and Care Excellence (NICE) has stated
that urinary anomalies should be suspected in the presence
of non-E. coli pathogens (28). Yilmaz et al. have conducted a
study with 300 patients and demonstrated a relationship be-
tween the presence of VUR and the first UTI (31). In another
study, Ristola et al. have investigated 282 patients and showed
the relationship of non-E. coli UTI with urinary anomaly, VUR,
recurrent UTI (32). In our study, we found urinary anomalies
in 47% of children and VUR was the most common finding in
this group (45%). We also determined that the incidence of
underlying risk factors was significantly higher in the non-E.
coli group.

Urinary US is the most common imaging method used to
study the urinary system in children. It is used for diagnosis
and follow-up of UTI. Studies have suggested that anomalies
found on US examination were more common in E. coli infec-
tions than in non-E. coli infections (29,33). Several studies have
attempted to demonstrate the relationship between non-E.
coli UTl and urinary system anomalies (30,32). In our study, the
rate of urinary anomalies was 31.8% and 62.1% in E. coli and
non-E. coli groups respectively and the difference was statisti-
cally significant, which was consistent with the findings in the
literature. This finding suggested that the subjects with uri-
nary anomalies might be more susceptible to bacteria other
than E. coli (34).

Complete urinalysis is one of the main methods used to di-
agnose UTI. According to the literature, pyuria and positive leu-
kocyte esterase test rates were higher in the E. coli group than
in the non-E. coli group (35,36). In our study, the comparison
of pyuria and leukocyte esterase positivity did not show any
significant difference, which may be related to the small size
of the groups in our study. Erythrocyte and bacterial counts in
urine and the positive urine nitrite test rate were significantly
higherin the E. coli group. It should be noted that urinary nitrite
level is not a sensitive marker for UTl in childhood, especially in
infants due to frequent voiding. In addition, many non-E. coli
pathogens do not reduce nitrates to nitrites (37).

In addition to urinalysis and clinical findings, laboratory
tests related to kidney functions and the inflammatory pro-
cess should be considered in the evaluation of UTI. An increase

in inflammatory markers is expected in UTI (38). In our study,
in addition to CRP (an inflammatory marker), neutrophil/lym-
phocyte ratio (NLR) and mean platelet volume (MPV), which
have been increasingly investigated in recent studies, were
also included in the evaluation. Regarding the literature, there
are not many studies comparing E. coli and non-E. coli groups
for laboratory parameters like in our study. On the other hand,
in our study, there was no statistically significant difference
between the groups for NLR, platelets, MPV, urea, creatinine,
and BUN values. In our study, we also compared the laborato-
ry parameters in the groups with and without urinary anom-
alies and found that neutrophil/lymphocyte ratio, CRP, urea,
and creatinine values were significantly higher in the group
with urinary anomalies than in group without anomalies. This
finding can be explained by a weaker defense system in the
host with urinary anomaly and consequently a more severe
infection profile (34,39-41).

Antibiotic resistance in E. coli and non-E. coli groups has
been investigated and compared in several studies in the
literature (4,7,36,42). In different European countries, the re-
sistance rate of E. coli strains isolated from pediatric patients
with UTIs to amoxacillin/cavulanic acid varies between 12%
and 32% and these resistance rates have increased by ap-
proximately 2% each year (42-46). Nowadays, cephalosporin
group antibiotics have an important place in empirical antibi-
otic treatment of UTIs and in several European studies, resist-
ance to second generation cephalosporins in UTIs caused by
E. coli was found to be below 50% (42,47,48). When antibiot-
ic resistances in the E. coli group were analyzed in our study,
72% resistance to amoxacillin-clavulanate and 59% resistance
to cefuroxime, which is a second generation cephalosporin,
were found. The frequent prescription of these antibiotics, es-
pecially in children with upper respiratory tract infections in
primary and secondary health care settings, may have led to
the emergence of high resistance.

In various studies conducted in UTls in Tlrkiye, TMP-SMX
resistance varies between 20-60% (49). In our study, this rate
was found to be 54.5% and is compatible with the data from
Turkiye. According to a meta-analysis in which countries were
classified on the basis of Organisation for Economic Cooper-
ation and Development (OECD) status, ampicillin resistance
of E. coli bacteria in children with UTI was found to be 53.4%
in OECD countries and 79.4% in non-OECD countries, and in
Turkiye, which is an OECD country, ampicillin resistance was
found to be 67% (50). In our study, ampicillin resistance of the
E. coli group was found to be 84%, which was quite high.

The results of our study are alarming. The antibiotic re-
sistance rate found in our study was much higher than that
reported in other studies and the incidence of extended-spec-
trum beta-lactamase-producing E. coli, especially in the E. coli
group was striking. Our country is one of the most antibiot-
ics-using countries in the world, which increases the incidence
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of resistant microorganisms (51). At the same time, the fact
that our center is a tertiary hospital and complicated cases in
our region are more often referred to our hospital has made
this situation more pronounced.

Limitations

The retrospective study design is the most important lim-
itation of our study. In addition, the single-center design and
limited sample size are other limitations of our study. The ratio
of males was higher in the non-E. coli group. Uncircumcised
boys are at risk for urinary tract infection. It is easier for bacte-
ria to accumulate under the foreskin (or prepuce) and in the
urethra in uncircumcised boys, but circumcision is unclear in
our study (52). Therefore, we had to have information about
circumcision status in order to explain this high rate of male in
the non-E. coli group. Although it is known that male children
are circumcised in our region, where the population mostly
consists of Muslims, circumcision can be performed at any pe-
riod of childhood.

Another limitation of our study was the lack of informa-
tion in the patient records about whether it was the first UTI
or recurrent UTI. All health data of citizens of the Republic of
Turkiye are recorded from birth by the Ministry of Health on
a digital platform. However, in our region, where the refugee
population is high, this information can only be obtained from
the patients’ relatives. This information was not included in
our study due to low reliability.

Conclusion

In our study, we found that the underlying risk factors
and urinary anomalies were more common in patients with
non-E. coli infections. This should always be kept in mind and
especially in patients, who are followed due to UTI caused
by non-E. coli pathogens. Urinary system imaging should be
performed, and relatively longer follow-up periods should
be planned. In addition, antibiotic resistance was remarkably
high in our study. In our country, awareness of this problem
has increased, and the rates of antibiotic use have decreased
in recent years. When treating patients, antibiotics should be
chosen appropriately, and the public and healthcare person-
nel should be educated about this issue.
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