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Corresponding Author ABSTRACT

Esra Nagehan Akyol Onder Aim: Urinary tract infections (UTIs) are among the most common bacterial infections in children.
E-mail Empirical antibiotic treatment is recommended until the antibiogram reports of urine culture are
esra.nagehan.7@hotmail.com available. It is essential to initiate local UTI agents and their antimicrobial susceptibility patterns in

specific geographical regions to choose the best empirical antibiotics. The current study aimed to
determine causative microorganisms and antibiotic resistance patterns in children diagnosed with UTI.

Material and Methods: The study was carried out retrospectively with 216 children diagnosed with
UTls for the first time. The patients were categorized into two groups according to age (<1 year and >1
year). Demographic data, presenting symptoms, imaging findings, and urine and culture analysis results
were collected and compared between these two groups.

Results: Cefazolin and nitrofurantoin use may be preferred in the empirical treatment of UTIs caused

Received by Escherichia coli and Enterococcus spp. Additionally, amoxicillin/clavulanate was recommended in
11.12.2022 the empirical therapy of UTIs caused by Enterococcus spp., Klebsiella spp., and Proteus spp. The
Revision trimethoprim-sulfamethoxazole and nitrofurantoin resistance of E. coli was found to be statistically
31.03.2023-26.04.2023 significantly higher in the <1 year group (p=0.03 and p=0.01, respectively), while the nitrofurantoin
Accepted res!stance of Klebsiglla was statistical!y §ignific§nt!¥ higher ip the >.1 year group (p=0.01). The gentamicin
03.071.’2023 resistance of Klebsiella spp. was statistically significantly higher in the <1 year group (p=0.03).

Conclusion: Itis important to detect regional antibiotic resistance patterns to manage UTls and minimize
related complications. Antibiotic susceptibility studies are necessary to reduce improper antibiotic use
and resistance rates of antibiotics.
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Amag: idrar yolu enfeksiyonlari (iYE), cocuklarda en sik gérillen bakteriyel enfeksiyonlar arasindadir.
idrar kiiltirii ve antibiyogram sonuglari gikana kadar ampirik antibiyotik tedavisi énerilir. IYE tedavisi igin
kullanilabilecek en uygun ampirik antibiyotik secenegini belirlemek igin o bélgeye 6zgi IYE ajanlarini
ve bunlarin antimikrobiyal duyarliliklarini belirlemek esastir. Bu calisma, bélgemizde IYE tanisi alan
cocuklarda etken mikroorganizmalari ve antibiyotik diren¢ paternlerini belirlemeyi amacladi.

Gerec ve Yéntemler: Calisma, ilk kez IYE tanisi alan 216 gocuk ile retrospektif olarak gergeklestirildi.
Hastalar yaslarina gére (<1 yas ve >1 yas) iki gruba ayrildi. Bu iki grup arasinda demografik veriler,
This work is licensed by basvuru semptomlari, gériintiileme bulgulari, idrar ve kiltir analiz sonuclari toplandi ve karsilastirildi.

“Creative Commons Attribution-
NonCommercial-4.0 International (CC)
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Urinary Tract Infections in Children

Bulgular: Escherichia coli ve Enterococcus tiirlerinin neden oldugu IYE'lerin ampirik tedavisinde sefazolin ve nitrofurantoin kullanimi tercih
edilebilir. Ayrica, Enterococcus spp., Klebsiella spp. ve Proteus spp.'nin neden oldugu 1YE'lerin ampirik tedavisinde amoksisilin/klavulanat
Onerilmistir. E. colinin trimetoprim-silfametoksazol ve nitrofurantoin direnci <1 yas grubunda istatistiksel olarak anlaml ytksek bulunurken
(sirastyla p=0,03 ve p=0,01), Klebsiella'nin nitrofurantoin direnci >1 yas grubunda istatistiksel olarak anlamli derecede yuksek saptandi
(p=0,01). Klebsiella turlerinin gentamisin direnci <1 yas grubunda istatistiksel olarak anlaml derecede yliksek bulundu (p=0,03).

Sonug: iYE'lerin tedavisinde ve komplikasyonlarin énlenmesinde bdlgesel antibiyotik direng paternlerini saptamak énemlidir. Uygunsuz
antibiyotik kullanimini ve antibiyotik diren¢ oranlarini azaltmak igin antibiyotik duyarlilik ¢galismalari gereklidir.

Anahtar Sozciikler: Antibiyotik, cocuk, idrar yolu enfeksiyonlari, direng

INTRODUCTION

Urinary tract infections (UTIs) are among the most common
bacterial infections in children (1), affecting approximately
8% of this population (2). The incidence of UTls is higher
among boys until the age of 1 year; however, girls have
more UTls over 1 year of age. Children experience recurrent
UTls at a rate of up to 30% within the first year of the UTI,
and UTls can cause complications, such as hypertension,
renal scarring, and end-stage kidney disease if not treated
properly (3). The risk of renal scarring is higher in patients
under 1 year of age and those with congenital abnormalities
of the urinary tract (CAKUT) (4).

The most common bacterial pathogen is Escherichia coli
(E. Coli) (1,2). The gold standard for the diagnosis of UTIs
is urine culture, but it takes 48-72 hours to identify appro-
priate antibiotics for treatment in antibiogram reports (5).
Empirical antibiotic treatment based on local susceptibilities
according to local epidemiologic studies is recommended
to prevent the complications of UTls that may occur due to
delayed results (6). However, the inappropriate and wide-
spread use of antibiotics in UTIs has led to an increase in
antibiotic resistance globally (7). Therefore, it is essential to
initiate local etiological UTI agents and their antimicrobial
susceptibility patterns in specific geographical regions.

This study aimed to determine demographic data, causative
microorganisms, and antibiotic resistance patterns of these
pathogens in children admitted to our hospital and diag-
nosed with UTIs. The patients were also grouped according
to their age as those under and over 1 year of age and com-
pared in terms of demographic characteristics, UTI agents,
and antimicrobial susceptibility, which may be helpful to
determine appropriate empirical antibiotics for different age
groups.

MATERIAL and METHODS

It was a retrospective study carried out with 216 children
diagnosed with UTls for the first time between October 2021
and October 2022 in a pediatric nephrology outpatient clin-
ic after obtaining approval from the local ethics committee
(IRB number:127-SBKAEK, date: 29/09/2022). All children
with UTls diagnosed based on positive urine culture results,

symptomatology (dysuria, vomiting, abdominal-back pain,
fever, anorexia, foul-smelling urine, enuresis, pollakiuria,
and hematuria), and positive urinalysis findings of UTIs
were included in this study. Patients with a neurogenic
bladder, those with incomplete data in hospital records, and
those with antibiotic prophylaxis were excluded.

The patients were categorized into two groups according
to their age (=<1 year and >1 year). Demographic data (age,
age at diagnosis, and the existence of gender, labial syn-
echia, phimosis, constipation, nephrolithiasis, hypercalci-
uria, CAKUT), presenting symptoms, the results of imaging
studies, namely ultrasound (US), voiding cystourethrogram
(VCUG), and 99m labeled Technetium dimercaptosuccinic
acid (99mTc DMSA) scintigraphy, urine and culture anal-
ysis results were collected and compared between these
two groups. CAKUT was defined based on the presence
of hydronephrosis, vesicoureteral reflux (VUR), or obstruc-
tive uropathies (ureteropelvic and ureterovesical junction
obstruction).

The midstream clean catch method was used to obtain
urine samples in toilet-trained children, while the urine
specimen was collected via urethral catheterization in
those without sphincter control. Growth of >10° single col-
ony-forming units (CFU/mL) in the midstream clean catch
method and >5* CFU/mL in the catheterized specimen of
urine was considered as UTI (1,2). Urine dipstick analysis
with the presence of nitrites or leucocyte esterase or pyuria
was documented as positive. Urine culture samples taken
in sterile urine containers under aseptic conditions were
delivered to the microbiology laboratory at room tempera-
ture within 30 minutes according to the quality guidelines
of our hospital. The samples were inoculated quantitatively
on 5% sheep blood agar and eosin methylene blue agar
medium and incubated at 37°C for 18-24 hours. Species
identification of microorganisms (E. coli, Enterococcus spp.,
Klebsiella spp., Proteus, Pseudomonas spp., Staphylococ-
cus spp., Streptococcus spp.) considered to be causative
was done using conventional methods. Antibiotic suscepti-
bility tests and minimum inhibitory concentration values of
microorganisms were performed according to the current
European Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) criteria, using Kirby-Bauer disc diffusion and

Med ] West Black Sea 2023;7(2): 234-240

235



Akyol Onder EN et al.

gradient diffusion methods (8). Extended-spectrum-beta
lactamase (ESBL) producing bacteria were also reported.
The following antimicrobial drugs were tested: ampicillin,
amoxicillin/clavulanate (AMC), trimethoprim-sulfamethox-
azole (TMP/SMX), cefazolin, cefuroxime, cefixime, ceftri-
axone, ciprofloxacin, fosfomycin, gentamicin, meropenem,
nitrofurantoin, and amikacin.

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS) Version 22.0 (Armonk,
NY: IBM Corp.). P values of <0.05 were considered statis-
tically significant. Continuous variables were expressed as
mean + standard deviation or median (minimum-maximum).
The Kolmogorov-Smirnov and Shapiro-Wilk tests, histo-
grams, and probability graphics were used to assess the
normality of the distribution of variables. Categorical data
were reported as frequency (%) and compared with the chi-
squared test. The Mann-Whitney U test was carried out to
analyze the differences in continuous variables.

RESULTS

The study included a total of 216 (36 male and 180 female)
patients with a median age of 6 (range: 0.3-17) years diag-
nosed with UTls for the first time. The median age at diag-
nosis was 5 (range: 0.3-15.5) years. Of these patients, 50
(23.1%) were aged <1 year, and 166 (76.9%) were aged >1
year. The majority of the patients in the study group were
female (83.3%). Before <1 year of age, the male-to-female
ratio was 1.3. Over the age of 1 year, the male-to-female
ratio decreased to 0.05. Labial synechia was detected in
13.3% of the girls, while phimosis was found in 16.7% of the
boys. Dysuria, vomiting, fever, and abdominal pain were the
most common presenting symptoms of the children. Consti-
pation was detected in 40 (18.5%) patients. Twenty (9.3%)
children had nephrolithiasis, and 24 (11.1%) had hypercal-

ciuria. Forty patients (16 patients under and 24 patients over
1 year of age) had CAKUT. The most common CAKUT was
VUR (11.1%), followed by hydronephrosis (5.6%) (Figure
1). There were no significant differences between patients
<1 year of age and >1 year in terms of hydronephrosis,
VUR, ureteropelvic junction obstruction, or posterior ure-
thral valve (p=0.28, p=0.33, p=0.053, and p=0.053, respec-
tively). Twenty patients had abnormalities such as scars,
atrophies, or functional loss on DMSA, and 14 (70%) of
these patients had VUR. The most common pathogen was
identified as E. coli (63.9%), followed by Enterococcus spp.
(11.1%), Klebsiella spp. (10.2%), and Proteus spp. (6.5%).
ESBL (+) uropathogens were found in 6.5% of the patients.

The demographic and clinical data according to age rang-
es are presented in Table 1. E. coli was the most common
isolated microorganism in both age groups. There was a
significant difference between the two groups accord-
ing to gender, presenting symptoms such as irritability,
abdominal pain, vomiting, dysuria, anorexia, foul-smelling
urine, CAKUT, nitrite positivity, ESBL positivity, etc Kleb-
siella spp., and Proteus spp. (p<0.001, p<0.001, p=0.002,
p=0.041, p<0.001, p=0.001, p=0.011, p=0.023, p=0.048,
p=0.041, p<0.001, and p=0.042, respectively).

The antibiotic resistance rates of the most seen pathogens
are shown in Table 2. The resistance rates of E. colito ampi-
cillin, AMC, TMP/SMX, cefuroxime, cefixime, and amikacin
were found higher at 75.4%, 36.2%, 32.6%, 39.1%, 41.3%,
and 40.5%, respectively. Cefazolin and nitrofurantoin (NTF)
were found to be useful in the empirical treatment of UTls
caused by E. coli and Enterococcus spp. Additionally, AMC
was recommended in the empirical therapy of UTIs associ-
ated with Enterococcus spp., Klebsiella spp., and Proteus

Spp.

p=0.053

18 p=028 p=0.33 p=0.053
16 _— = B
14 = — =
12
10

8

6

4

2

0
) Hydronephtosis VUR L UPJO L
-4

M Patients aged <1 year Patients aged >1 year

Figure 1: CAKUT detected in the
patients.

CAKUT: congenital abnormalities of
the urinary tract, VUR: vesicoureteral
reflux, UPJO: ureteropelvic junction
obstruction, PUV: posterior urethral
valve.
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The comparison of the antibiotic patterns of the uropath-
ogens according to age groups is presented in Table 3.
The TMP/SMX and NTF resistance of E. coli was found to
be statistically significantly higher in patients aged <1 year
(p=0.03 and p=0.01, respectively), while the NTF resistance
of Klebsiella spp. was statistically significantly higher in the
>1 year group (p=0.01). The gentamicin resistance of Kleb-

Table 1: Demographic data of the patients.

siella spp. was statistically significantly higher in the <1 year
group (p=0.03).

DISCUSSION

UTlIs constitute a common health problem in children due
to the risk of long-term morbidity (9). Moreover, the urgent
need for empirical treatment without waiting for the results of

Patients =1 year (n=50) Patients >1 year (n=166) p-value
Age (median, min-max, years) 1(0.3-1) 8 (1.5-17) <0.001*
Age at diagnosis (median, min-max, years) 0.5 (0.3-0.9) 7 (2-15.5) <0.001*
Gender (F/M) 22/28 158/8 <0.001**
Presenting symptoms

« Irritability 24 (48.0) 4 (2.4) <0.001**

» Abdominal pain 4 (8.0) 50 (30.1) 0.002**

+ Vomiting 26 (52.0) 30 (18.0) 0.041**

- Fever 16 (32.0) 42 (25.3) 0.312**

* Dysuria 1(2.0) 62 (37.3) <0.001**

* Hematuria 2 (4.0) 8 (4.8) 0.988**

« Poor feeding 14 (28.0) 16 (9.6) 0.001**

« Pollakiuria 1(2.0) 14 (8.4) 0.211**

» Frequency-Urgency 0 20 (12.0) -

* Foul-smelling urine 12 (24.0) 17 (10.2) 0.011**
Labial synechia 2(9.0) 22 (13.9) 0.611**
Phimosis 5(17.8) 1(12.5) 0.321**
Constipation 6 (12.0) 34 (20.5) 0.171**
Nephrolithiasis 8 (16.0) 12 (7.2) 0.091**
Hypercalciuria 8 (16.0) 16 (9.6) 0.211*
CAKUT 16 (32.0) 24 (14.5) 0.023**
DMSA abnormality 0 6 (3.6) 0.512*
Urine analysis

< LE (+) 38 (76.0) 103 (62.0) 0.081**

« Nitrite (+) 8 (16.0) 50 (30.1) 0.048**

« LE + nitrite (+) 6 (12.0) 12 (7.2) 0.307**
ESBL (+) 6 (12.0) 8 (4.8) 0.041**
Uropathogen

« Escherichia coli 28 (56.0) 110 (66.2) 0.182**

« Enterococcus spp. 4 (8.0) 20 (12.0) 0.412*

« Klebsiella spp. 16 (32.0) 6 (3.6) <0.001**

« Proteus mirabilis 0 (0.0) 14 (8.4) 0.042**

» Pseudomonas spp. 2(4.0) 4 (2.4) 0.603**

« Staphylococcus spp. 0 (0.0) 10 (6.0) 0.102**

« Streptococcus spp. 0 (0.0) 2(1.2) 0.804**

SD: Standard deviation, F: Female, M: Male, ESBL: Extended-spectrum-beta lactamase, CAKUT: Congenital anomalies of the kidney and

urinary tract, DMSA: Dimercaptosuccinic acid scintigraphy. *: Mann-Whitney U , **: Chi-square Test
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the antibiogram and the recent increase in antibiotic resist-
ance to the agents used in empirical antibiotherapy have
further complicated the treatment of these infections (1,2).
The uropathogens and their antibiotic susceptibility profile
may vary between different age groups and geographical
areas. To the best of our knowledge, in the literature, there
is a lack of data concerning the antimicrobial resistance pro-
file for children with UTIs from our geographical region in
Turkey.

The diagnosis of UTls can be challenging due to the variety
of symptoms among age groups (4). In our study, irritability,
vomiting, poor nutrition, and foul-smelling urine were more
common presenting symptoms in infants compared to old-
er children, which is generally consistent with the study of
Shrestha et al., however, these authors found fever to be
more common in older children (10). Similar to other stud-
ies, female predominance was found in patients with UTIs,
but there was a male predominance in the first year of life

Table 2: Antibiotic resistance patterns of the most common pathogens.

Antibiotic resistance 1o SO R ey v
Ampicillin 104 (75.4) 10 (41.7) 20 (90.9) 1(7.1)
AMC 50 (36.2) 1(4.2) 4(18.2) 0
TMP-SMX 45 (32.6) 16 (66.7) 6 (27.3) 3 (21.4)
Cefazolin 22 (15.9) 4 (16.7) 10 (45.4) 4 (28.6)
Cefuroxime 54 (39.1) 4 (16.7) 8 (36.4) 4 (28.6)
Cefixime 57 (41.3) 4(16.7) 6 (27.3) 3(21.4)
Ceftriaxone 32 (23.1) 6 (25.0) 8 (36.4) 0
Ciprofloxacin 26 (18.8) 6 (25.0) 6 (27.3) 0
Fosfomycin 10 (7.2) 4 (16.7) 2(9.1) 0
Gentamicin 32 (23.1) 4 (16.7) 2(9.1) 2(14.3)
Meropenem 2(1.5) 0 0 0
Nitrofurantoin 10 (7.2) 4 (16.7) 8 (36.4) 10 (71.4)
Amikacin 56 (40.5) 6 (25.0) 0 0
n: Number, spp: Species, AMC: Amoxicillin/clavulanate, TMP-SMX: Trimethoprim-sulfamethoxazole
Table 3: Antibiotic resistance patterns of the most common pathogens according to age groups
Escherichia coli Enterococcus spp. Klebsiella spp. Proteus spp.
Antibiotic (n=138) (%) (n=24) (%) (n=22) (%) (n=14) (%)
resistance <1 year >1year p <1 year >1year p <1 year >1year p <1 year >1year p
(n=24) (n=114) value (n=4) (n=20) value (n=16) (n=6) value (n=0) (n=14) value
Ampicillin 20 (83) 84 (74) 0.41 2(50) 8(40) 059 14(87) 6(100) 0.72 0 1(7) -
AMC 9(38) 41(36) 0.92 1(25) 0 - 2(12) 2(33) 0.28 0 0 -
TMP-SMX 5(20) 40(35) 0.03 2(50) 14(70) 0.82 4(25) 2(33) 0.59 0 3(21) -
Cefazolin 4(17) 18(16) 0.78 4 (100) 0 - 6 (37) 4(66) 0.47 0 4 (29) -
Cefuroxime 8(34) 46(40) 0.24 4 (100) 0 - 6 (37) 2(33) 0.82 0 4 (29) -
Cefixime 10 (41) 40(35) 0.78 0 4 - 5(31) 2(33) 0.51 0 10 -
Ceftriaxone 6(25) 26(23) 059 4(100) 2(10) 054 6(37) 2 (33) - 0 0 -
Ciprofloxacin 4 (17) 22 (16) 0.49 0 6 (30) - 6 (37) 0 - 0 0 -
Fosfomycin 1(4) 9 (8) 0.69 0 4 (20) - 2(12) 0 - 0 0 -
Gentamicin 7(29) 25(22) 076 2(50) 2(10) 0.03 2(12) 0 - 0 2 (14) -
Meropenem 0 2 (2%) - 0 0 - 0 0 - 0 0 -
Nitrofurantoin 5 (20) 5(5) 0.01 0 4 (20) - 4 (25) 4 (66) 0.01 0 10 (71) -
Amikacin 6(25) 16(14) 0.32 2(50) 4(20) 0.14 - - - - - -

n: Number, spp: Species, AMC: Amoxicillin/clavulanate, TMP-SMX: Trimethoprim-sulfamethoxazole. *: Chi-square test
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(4,5,11). This is because CAKUT is more common in male
infants, as also reported in our study. The rates of labial
adhesion and phimosis, which are predisposing factors for
UTls, were similar to previous studies (12,13). Hypercalci-
uria is an underlying factor in UTlIs, causing the impairment
of the uroepithelium with calcium oxalate microcrystals
(14,15). Stojanovic et al. reported that 10% of their patients
with a single UTI had hypercalciuria similar to our study.
However, they found this rate to be higher (44%) in chil-
dren with recurrent UTIs (14). Nacaroglu et al. demonstrat-
ed that 66.7% of their hypercalciuric patients had recurrent
UTlIs (15). To determine the etiology of UT], it is important
to investigate urine calcium excretion, especially in recur-
rent infections. CAKUT is detected in the US in 18.5% of
patients similar to Kumar et al., which showed 17% asso-
ciated congenital urinary anomalies (16). The most-seen
CAKUT in this study is VUR. It is reported that one-third of
patients with VUR will develop at least one UTI (17). Thus,
it is important to evaluate children with UTIs for CAKUT.

In the current study, gram-negative bacteria were isolated
in 92% of the patients, which is compatible with the litera-
ture (1,2,16,18). These bacteria are more predominant than
gram-positive bacteria in UTIs because they are commonly
seen in the intestinal flora and can easily trespass and col-
onize the periurethral and perineal areas (18). We found
E. coli to be the most common uropathogen with a rate of
56%, similar to previous studies (16,19,20). In the present
study, similar to Mekonnen et al. (21), meropenem and cip-
rofloxacin were effective and B-lactam antibiotics (ampicil-
lin, cefuroxime, and cefixime) were least effective for E.coli.
Araujo et al. reported a significant increase in ciprofloxacin
resistance between 2021 and 2022 for E.coli in an adult
study (22). The rate of beta-lactam and other antibiotic
resistance is increasing probably due to the continuous use
of antibiotics without susceptibility data, easy availability,
and misuse of antibiotics.

The World Health Organization has reported ESBL-positive
E. coli as a key indicator for the surveillance of antibiotic
resistance worldwide (23). In the current study, the rate
of ESBL (+) uropathogens was found to be 5%, similar to
Dejonckheere et al. (24). However, Kogak et al. reported
ESBL positivity at a rate of 49% (25). Our lower rate may
be due to our inclusion of only patients that were diagnosed
with UTls for the first time and did not receive antibiotic
prophylaxis. The long-term and repeated use of antibiotics
in UTls increases ESBL positivity. Patients who required
prophylaxis should be chosen carefully, and inappropriate
prescriptions of antibiotics should be avoided.

In the current study, patients aged before <1 year old had a
higher rate of antibiotic resistance than those aged over 1
year, which is consistent with the study conducted by Kurt-
Sukdr et al. (19). Antibiotic resistance rates may be higher

in infants due to the higher prevalence of CAKUT and UTlIs
with ESBL positivity in this group. Gupta et al. reported that
an antimicrobial agent should not be prescribed when the
resistance rate is over 20% for empirical treatment (26).
According to these data, NTF seems to be a good option in
the empirical treatment of UTls with low rates of resistance.
However, according to the American Academy of Pediat-
rics, NTF is not recommended in febrile infants because
serum and parenchymal concentrations may be inadequate
for the management of urosepsis or pyelonephritis. In this
patient group, TMP/SMX and cephalexin are recommended
(27). We also found a higher resistance rate of NTF to E.
coliin infants than in older children. Moreover, Kurt-Sukur et
al. reported an increase in NTF resistance within ten years
probably due to its increased use in prophylaxis and treat-
ment (19).

The main limitations of this study are its single-centered
retrospective nature and small sample size. In addition, we
only evaluated patients that had UTIs for the first time. Chil-
dren with recurrent UTIs may demonstrate different antibi-
otic susceptibility patterns.

In conclusion, antibiotic resistance is spreading worldwide.
In UTls, empirical treatment is prescribed until the results of
the antibiogram are ready. It is important to detect region-
al antibiotic resistance patterns to manage UTlIs properly
by determining the most appropriate empirical therapy and
minimizing morbidity and complications associated with
these infections. Antibiotic susceptibility studies are also
necessary to reduce improper antibiotic use and resistance
rates of antibiotics.
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