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Abstract. Escherichia coli is the predominant pathogen in pediatric urinary tract infections (UTIs),
yet increasing antimicrobial resistance, virulence gene carriage, and biofilm formation complicate
therapeutic success. Probiotic-derived metabolites represent a potential complementary strategy
to mitigate persistence of multidrug-resistant (MDR) uropathogens; however, data in pediatric
UTIs remain scarce. To determine the antimicrobial resistance pattern, biofilm-forming ability,
and virulence gene prevalence among E. coli isolates from pediatric UTIs, and to evaluate the
antibacterial and antibiofilm activities of cell-free supernatants (CFS) of Lactobacillus plantarum
and Lactobacillus reuteri.

Methods. One hundred urine samples from children aged 1 month to 10 years were analyzed.
Bacterial identification was performed using culture, biochemical profiling, and VITEK. Antibiotic
susceptibility was tested using the Kirby— Bauer method. Biofilm formation was quantified via crystal
violet assay, and the fimH and ompT genes were detected by PCR. Antibacterial and antibiofilm
activities of probiotic CES were assessed using agar well diffusion and microtiter inhibition assays.
Statistical analysis included y? testing with significance at p < 0.05.

Results. Sixty culture samples had E. coli (60%). E. coli 0157:H7 isolates comprised 11.7% (p <
0.001). High resistance rates were seen for nalidixic acid (88.6%), ceftazidime (86.6%), cefepime
(76.6%), cefotaxime (70%), and aztreonam (73.3%). 55% of isolates had XDR traits and 45% had
MDR traits (p > 0.05). All MDR isolates had fimH and ompT virulence genes, with 59% forming
moderate biofilms (p < 0.05). Antibacterial activity of probiotic CFS was concentration-dependent,
with maximum inhibition zones at 75 and 100 ug/mL. L. reuteri inhibited E. coli O157:H7 more
than L. plantarum (p < 0.05), although L. plantarum had stronger antibiofilm effects against robust
biofilm-forming isolates (p < 0.05).

Conclusions. Uropathogenic E. coli provides a treatment challenge because to its multidrug-resistant
and extensively drug-resistant phenotypes, biofilm formation, and universal carriage of fimH and
ompT in pediatric UTI isolates. Probiotic metabolites, especially L. reuteri against E. coli 0157:H7
and L. plantarum against biofilm-producing E. coli, exhibit high antibacterial and antibiofilm
activities and can improve treatment outcomes and reduce recurrence in multidrug-resistant
pediatric UTIs.

Keywords: Escherichia coli, urinary tract infection, biofilm, Lactobacillus reuteri, Lactobacillus
plantarum, fimH, ompT.
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A66ac Acin Xacan!, Pism Canek IxkonaZ, 3aitnad M. Asib3yoaiini®, Taxpip Xani Canex?

IIpoGioTuune inrioyBannsa yponarorenuux Escherichia coliy nireii 3
iH(heK1issMH ce4oBOI cHCTEeMH: AHTHOIOITIBKOBI Ta aHTUMIKPOOHi eheKkTH
Lactobacillus reuteri ta Lactobacillus plantarum

IKadenpa 6iosorii, hakynsTeT IPpUPOIHUYUX HayK, Jisiabcpkuii yHiBepeurert, Jisiia, Ipak
2Kadenpa MeIUUHUX JJA00PATOPHUX TeXHOIIOTIH, KoseaK MenuuHMX i 0300poBYMX TexHoJIorii, barnan,
CepenHiit TexHiyHMi yHiBepcuTeT, barman, Ipak
3Kadenpa 6iosorii, hakyasTeT MpUpOLHUUMX HayK, KupKykcbKkuit yHiBepenTeT, Kupkyk, Ipak
4Kadenpa 6iosorii, (hakyJabTeT IPUPOIHUYKX HAYK, YHiBepcuteT MycraHcipist, barnan, Ipak

Pestome. Escherichia coli € npogionum 30yonurom ingpexuiii ceuosoi cucmemu (ICC), 00Hak 3pocmanHs aHmumi-
KPOOHOI pe3ucmeHmHOCMI, HASI8HICMb 2eHi8 8ipyAeHMHOCII Ma OpMYBaHHS OIONNIBOK YCKAAOHIOIMb YCHIUHICMb AIKY-
eanns. Memaboaimu, ompumaHi 3 npobiomukie, po3easa0aromscs Ak NOMeHYiliHa 000amKo8a cmpameeis 045 3MeHULeHHS!
nepcucmenyii myavmupezucmernmuux (MDR) yponamoeenie; npome dani wjodo 1CC y dimeil 3aaruuiaromscs 00Mmed ceHu -
mu. Memoro pobomu 0yn0 uznauumu npoginb aHMUMIKpoOHOI pe3ucmenmuocmi, 30amuicmo 0o hopmyeanHs 6ionaieox
ma nowupericmo 2enie gipysenmuocmi ceped izonamis E. coli id dimeii 3 ICC, a makoosic oyinumu anmubaxmepiaivhy
il anmuobionaieko8y akmuanicms be3xaimunHux cynepuamanumie (CFS) Lactobacillus plantarum i Lactobacillus reuteri.

Memoou. Ilpoananizoeano 100 3paskie ceui id dimeii gikom 6id 1 micausa do 10 pokie. l0enmudpixauiro bakme-
DIl BUKOHY8AAU 30 OONOMO20I0 KYAbMYPAAbHOZ 00CAIONCeHHs, bioximiunoeo npoghintoeanns ma VITEK. Aumubiomuko-
yymaueicmo guznauanu memodom Kipbi-Bayepa. Popmysarnns 0ionniok KinbKiCHO OUIHIOBAAU 3a OONOMO0I0 Mecmy 3
KpucmaniyHum gionemogum, a eeru fimH ma omp T eusneasinu memodom ILJIP. Aumubakmepiarvy ma aHmubionniexogy
axkmuernicmwv npodiomuunux CFS ouintoearu memodom oughysii ¢ aeapi ma mecmamu iHeiOY8aAHHA Y MIKPONAGHUIEMAX.
Cmamucmuvnuii ananiz 6xaouas y’>-mecm iz pienem suauyuwocmi p < 0.05.

Pesyavmamu. Kyavmypaavro nosumusnumu 6yau 60 3paskie (60%) ceui, yci idenmugpixosani sx E. coli. E. coli
0157:H7 cmanosuna 11,7 % izonamie (p < 0.001). Bucoka pezucmenmuicmo gid3Hauena 00 HaAioukcosoi Kuciomu
(88,6%), uegpmazudumy (86,6%), uegpenimy (76,6%), uepomarcumy (70%) ma azmpeonamy (73,3%). Pernomunu
MDR ma XDR eusieneni y 45% ma 55% izonamie eionogiono (p > 0.05). Ilepesasicano nomipue gopmysanus 0ionnieok
(59%; p < 0.05), a eenu gipyaenmuocmi fimH i ompT 6yau npucymnui y 100% MDR-izonamis. IIpobiomuuni CFS npo-
ABUAU KOHUEHMPAYILIHO 3ANeIHCHY AHMUOAKMEPIANbHY AKMUBHICMY, 3 MAKCUMAAbHUMU 30HAMU iHeiOyeanHsa 3a 751 100
ug/mkL. L. reuteri npodemoncmpyeana 3nauHo cunvHiuly ineioiyiro E. coli O157:H7 nopieusino 3 L. plantarum (p < 0.05),
modi sk L. plantarum euseunia 3Ha4Ho NOmydicHiuWuUil aHmubionaiexosuil echexm npomu 6ioNAIBKOYMBOPIOIOHUX [3049Mi6
E. coli (p < 0.05).

Bucnosxu. I3oaamu E. coli y dimeit 3 ICC xapaxmepusyromscsa noeonannim MDR/XDR-genomunie, 30am-
Hicmto do ymeopenHs Oionaieok i yHieepcanvHoto HaseHicmio fimH ma ompT, wo nidkpecaioe ckaaduicmo AiKy8aHHS
yponamoeennux E. coli. Bupaxceni anmubaxmepianvHi ma anmuobionaiekosi earacmugocmi memaodoaimie npodiomukis,
3oxpema L. reuteri npomu E. coli O157:H7 ma L. plantarum npomu 6ionaiekoymeoprorouux izonamie E. coli, niomeep-
dorcyroms ix nomenyian K 00NOMINCHUX 3AC00i6 0451 NOKPAWEHHS Pe3yAbmamie AiKY8AHHSA ma 3HUMNCEHHS Peyuousie
MDR-acouitiosanux nediampuunux ICC.

Kmouosi cioBa: Escherichia coli, 0157:H7, dimu, ingexuyia cewoeoi cucmemu, 6ionaigka, aHmubiomuxopesuc-
menumuicms, Lactobacillus plantarum, Lactobacillus reuteri, npobiomuxu, fimH, ompT.

Introduction. One major public health concern
around the world is the prevalence of urinary tract
infections (UTIs), which are a leading cause of bac-
terial infections in children [1, 2]. Clinically relevant
are their long-term effects, such as pyelonephritis,
renal scarring, hypertension, and chronic kidney dis-

Tahreer Hadi Saleh
dr.tahreer80@uomustansiriyah.edu.iq

ease in old age, and high recurrence rate. Recent epi-
demiological studies show that UTIs are exceedingly
widespread across all age groups internationally, yet
diagnostic uncertainty and postponed treatment keep
them a burden for healthcare systems [1, 3]. Special
consideration must be given to pediatric UTIs due to
the substantial correlation between infections in early
life and kidney morbidity [2, 4]. About three quarters
to three quarters of all UTIs in children are caused
by uropathogenic E. coli (UPEC), which has strong
pathogenic mechanisms such immune-evasive outer
membrane proteases and fibrial adherence to uroepi-
thelial cells [5]. Persistent and recurring infections
caused by UPEC can be attributed to certain virulence
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markers, including as fimH and ompT, which facili-
tate robust epithelial binding and resistance to host de-
fenses [6, 7]. The fact that E. coli O157:H7 has been
linked to serious urinary tract infections and systemic
problems in kids is another cause for worry [8, 9].

UTTI care is more complicated due to antibiotic
resistance. MDR and XDR pediatric UPEC strains
are becoming more common, restricting treatment
options and weakening empirical therapy [10, 11].
There is a critical clinical need for complementary
or alternative therapy approaches since antibiotic
overuse leads to dysbiosis and raises the likelihood
of recurring UTIs [12]. The development of biofilms
affects both the persistence of UPEC and the thera-
peutic failure. Recurrence can occur even when a pa-
tient appears to be responding well clinically, because
bacteria embedded in biofilms are far more resistant
to medications [13, 14]. Therefore, to protect kidney
health and reduce the chance of recurrence, it may
be prudent to employ treatments that restrict bacte-
rial growth and biofilm development. An appealing
alternative to antibiotics for treating UTIs, probiotics
compete with pathogens for epithelial adhesion sites,
produce antimicrobial metabolites, suppress biofilms,
and enhance mucosal immunity [15, 16]. Evidence
suggests that certain Lactobacillus species may reduce
UTI recurrence and act synergistically with conven-
tional therapy [17, 18]. However, the inhibitory abil-
ity of locally isolated probiotic strains against pedi-
atric UPEC, particularly MDR isolates and E. coli
0157:H7, remains inadequately explored, and few
studies have evaluated the interaction between probi-
otic metabolites and bacterial virulence determinants
such as fimH and ompT [19].

The present study investigates the antibacterial
and antibiofilm effects of two locally isolated probiot-
ics, Lactobacillus reuteri and Lactobacillus plantarum,
against clinical UPEC strains obtained from pediatric
patients with UTIs, including E. coli O157:H7. The
study also evaluates the prevalence of the fimH and
ompT virulence genes and examines their association
with probiotic susceptibility.

Materials and methods. Study design and sample
collection. A cross-sectional laboratory investigation
was conducted between March and August 2024. Ethi-
cal approval was obtained from the College of Science,
University of Diyala (Approval No. 2024AEBT143).
Parental or legal guardian informed consent was ob-
tained prior to sample collection. Patient confidential-
ity was maintained by anonymizing data throughout the
study.

Pediatric patients at Baqubah Teaching Hospital
and Al-Batool Teaching Hospital in Diyala Province,
Iraq, were clinically diagnosed with UTIs. The pa-
tients ranged in age from one month to ten years old,
and 100 urine samples were obtained from them. For
children who have completed potty training, we used
mid-stream clean-catch urine, whereas for babies and
toddlers, we used sterile pee bags as needed. In less

than an hour after collection, every single sample had
made its way to the microbiological lab for analysis.

Bacterial isolation and identification. Urine sam-
ples were streaked on MacConkey agar for the primary
isolation of Gram-negative bacteria. Suspected Esch-
erichia coli colonies were purified and sub-cultured on
Sorbitol MacConkey agar (SMAC) supplemented with
cefixime (50 pg/L) and potassium tellurite (2.5 mg/L)
for selective isolation of E. coli O157:H7. Plates were
incubated aerobically at 42 °C for 24 hours as previously
described by Bedada et al. [20].

Biochemical identification was performed using
standard diagnostic tests, including oxidase, catalase,
indole production, methyl red, Voges—Proskauer,
citrate utilization, urease, sugar fermentation, motil-
ity, and decarboxylation of ornithine and lysine [21].
Hemolysis type was assessed on 5% sheep blood agar
following 24 hours of incubation at 37 °C. Final con-
firmation was achieved using the VITEK Compact 2
System.

Biofilm formation detection. Biofilm formation abil-
ity of E. coli isolates was assessed using the qualitative
tube method. Briefly, isolates were cultured in tryptic
soy broth supplemented with 1% glucose and incubated
at 37 °C for 24 hours. Tubes were washed with distilled
water, air-dried, stained with 0.5% crystal violet for
10—15 minutes, rinsed, and allowed to dry. A visible
violet layer on the inner wall indicated positive biofilm
formation [13].

Antibiotic susceptibility testing. Antimicrobial sus-
ceptibility was determined for 60 E. coli isolates using
the Kirby-Bauer disk diffusion technique on Muel-
ler-Hinton agar, following Clinical and Laboratory
Standards Institute (CLSI) guidelines. Sixteen com-
mercial antibiotic disks (Himedia, India) were tested:
meropenem (10 pg), piperacillin (100 pg), cefotaxime
(30 pg), levofloxacin (5 pg), ceftazidime (30 pg), na-
lidixic acid (30 pg), ciprofloxacin (5 pg), cefoxitin (30
ug), imipenem (10 pg), cefepime (30 pg), tetracycline
(30 pg), chloramphenicol (30 pg), augmentin (30 pg),
aztreonam (30 pg), piperacillin—tazobactam (30 pg),
and ceftriaxone (30 pg). After 24 hours of incubation
at 37 °C, inhibition zone diameters were measured
and interpreted in accordance with CLSI standards
[22, 23].

Molecular detection of virulence genes. DNA ex-
traction. Genomic DNA was extracted using the Wiz-
ard Genomic DNA Purification Kit (Promega, USA)
following the manufacturer’s instructions. DNA pu-
rity and concentration were checked using a Nanodrop
spectrophotometer and stored at —20 °C.

PCR amplification of fimH and ompT. Conventional
PCR was performed to detect fimH and ompT genes
using gene-specific primers obtained from Macrogen.
Primer sequences, annealing temperatures, and expect-
ed product sizes are shown in Table 1.
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Table 1
Primer sequences, annealing temperatures, and expected PCR product sizes used
to detect fimH and ompT genes in E. coli isolates
Primer Sequence Annealing Product Reference
Name a Temp. (°C) size (bp)
ompI-F 5-ATCTAGCCGAAGAAGGAGGC-3' 60 559 23]
ompT-R 5-CCCGGGTCATAGTGTTCATC-&
fimH-F 5-AACAGCGATGATTTCCAGTTTGTGTG-3' 60 465 [24]
fimH-R 5-TTGCGTACCAGCATTAGCAATGTCC-3'

Reactions were prepared in 20 pL volumes con-
taining 3 pL DNA template and 17 pL of primer work-
ing solution on ice. PCR cycling was performed accord-
ing to standardized thermal profiles for each primer set
(24, 25].

Gel electrophoresis. PCR products were separated
on 1.5% agarose gel in 1x TBE buffer. Gels were stained
with ethidium bromide, run at 5 V/cm? for 55 minutes,
and visualized under UV transillumination. A 100 bp
DNA ladder served as a size marker.

Source and preparation of probiotic isolates. Locally
isolated Lactobacillus reuteri and Lactobacillus plan-
tarum strains were obtained from the Department of
Agriculture, University of Salah Al-Din. Identification
was confirmed by colony morphology, Gram staining,
catalase/oxidase testing, carbohydrate fermentation,
growth at 15 °C and 45 °C, and tolerance to bile salts
and acidic pH [26].

Antibacterial activity of probiotic cell-free superna-
tants. Antimicrobial activity was evaluated using the
agar well diffusion assay. E. coli and E. coli O157:H7
lawn cultures (105—107 CFU/mL) were prepared on
Mueller-Hinton agar. Cell-free supernatants (CFS)
were obtained by centrifuging probiotic cultures at
6000xg for 15 minutes and filtering through 0.22 pm
membranes. Wells (5 mm) were filled with 100 pL of
CFS and plates were pre-cooled for 2 hours before in-
cubation at 37 °C for 24 hours. Inhibition zones were
measured in millimeters [27].

Antibiofilm activity of probiotic cell-free superna-
tants. Antibiofilm activity was assessed using a modi-
fied crystal violet microtiter assay [28]. After co-in-
cubation of bacterial suspensions with 100 pL CFS in
96-well plates for 24 hours at 37 °C, wells were washed
with sterile water, fixed with methanol, stained with
0.1% crystal violet, and eluted with ethanol. Absor-
bance was determined at 570 nm using an ELISA
reader. Percentage biofilm inhibition was calculated
relative to untreated controls. All experiments were
performed in triplicate.

Statistical analysis. Clinical and demographic
data were reported as percentages and frequencies.
The Pearson Chi-square test was used to compare

groups. P-values below 0.05 indicated statistical sig-
nificance. We ran statistical studies in SPSS 22.0 and
Excel 2013.

Results. One hundred samples were taken, with 65
from women and 35 from men. Patients reported 62%
fever, 71% flank pain, and 58% dysuria. 35% had cysti-
tis, 68% had pyelonephritis.

Culture characteristics and distribution of E. coli iso-
lates. Sixty percent of the urine samples showed bac-
terial development, while forty percent did not. Each
culture-positive sample was positively identified as be-
longing to E. coli by morphology of the colonies, mi-
croscopic evaluation, biochemical testing, and VITEK
confirmation. The percentage of E. coli positivity was
lower in males (54.28%) compared to females (61.07%)
(p < 0.05). Using Sorbitol MacConkey agar, seven out
of sixty E. coli isolates (11.66% of the total) were deter-
mined to be O157:H7 strains, while fifty-three (88.34%)
were determined to be non-0O157 strains (p < 0.001).
Isolation rates of E. coli were highest in children ages
1-2 (30%), then in those aged 3-4 (18.33%), and finally
in those aged 9-10 (18.33%). The lowest proportions
occurred in infants <1 year (11.66%) and children aged
7—8 years (8.33%), with statistically significant differ-
ences across age groups (p < 0.01).

Antimicrobial resistance profile. Antibiotic sus-
ceptibility testing demonstrated widespread resistance
among the 60 isolates (Fig. 1).

The highest resistance rates were observed for na-
lidixic acid (88.6%), ceftazidime (86.6%), cefepime
(76.6%), aztreonam (73.3%), and cefotaxime (70%).
Carbapenem resistance was recorded in 20% of isolates
for meropenem and 30% for imipenem. Based on re-
sistance phenotypes, 27 isolates (45%) were classified
as multidrug-resistant (MDR) and 33 isolates (55%) as
extensively drug-resistant (XDR), with no significant
difference between groups (p > 0.05).

Biofilm formation capacity. Most isolates formed
moderate biofilm (59%), followed by strong (22%) and
weak (19%) biofilm production categories (p < 0.05)
(Fig. 2). Six strong biofilm-producing isolates were se-
lected for subsequent antibiofilm testing.
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Fig. 2. Biofilm formation capacity of E. coli isolates.

Detection of fimH and ompT genes. Multiplex PCR
analysis of the 27 MDR E. coli isolates demonstrated
that both fimH (465 bp) and ompT (559 bp) genes were
present in all isolates (100%). The universal co-occur-
rence of these adhesion- and immune-evasion—associ-
ated genes among MDR isolates suggests a strong viru-
lence profile across the population.

Antibacterial activity of probiotic cell-free super-
natants. Both Lactobacillus reuteri and Lactobacillus
plantarum cell-free supernatants exhibited inhibito-
ry effects against E. coli and E. coli O157:H7. At 75
and 100 pg/mL, L. reuteri produced the largest inhi-
bition zones against E. coli (22 mm and 26 mm) and
E. coli O157:H7 (27 mm), showing significant differ-
ences compared to L. plantarum (p < 0.05) (Table 2;
Figures 3 and 4).
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Table 2

Antibacterial activity of Lactobacillus reuteri and Lactobacillus plantarum cell-free supernatants (CFS)
against E. coli and E. coli O157:H7 expressed as zone of inhibition

Isolated bacteria CFS concentration (ug/mL) | L reuterilmm) | L plantarum(mm) p-value
25 16 ? 0> 005
, 50 19 15 p>005
E. coli
75 2 20 p>005
100 26 22 p>0.05
Overall p-value
E coli) - p<0.05 p<0.05 -
25 15 12 p>005
, 50 20 n p <005
E. coli 0157:H7
75 21 18 p <0.05"
100 21 18 p <0.05"
Overall p-value B 0 <005 0 <005 B

(E. coli157:H7)

E. calf E. coll OM5THT

Fig. 3. Antibacterial activity of Lactobacillus reuteri (CFS) against E. coli and E. coli O157:H7.
Zone of inhibition (mm) measured by agar well diffusion at CFS concentrations of 25, 50, 75, and 100 ug/mL.
Letters (a, b, ¢, d) correspond to 25, 50, 75, and 100 pug/mL of CFS, respectively.

E. coli E. col O15T:HT

Fig. 4. Antibacterial activity of Lactobacillus plantarum (CFS) against E. coli and E. coli O157:H7.
Zone of inhibition (mm) measured by agar well diffusion at CFS concentrations of 25, 50, 75, and 100 ug/mL.
Letters (a, b, ¢, d) correspond to 25, 50, 75, and 100 ug/mL of CFS, respectively.
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Antibiofilm effects of probiotic cell-free super-
natants. Antibiofilm activity was evaluated using six
E. coli isolates previously characterized as strong bio-
film producers. Both Lactobacillus reuteri and Lacto-

bacillus plantarum cell-free supernatants demonstrated
inhibitory effects against biofilm formation, although
the magnitude of inhibition varied across isolates
(Table 3).

Table 3

Antibiofilm activity of Lactobacillus plantarum and Lactobacillus reuteri cell-free supernatants
against strong biofilm-forming E. coli and E. coli 0157:H7 isolates

Isolate L. plantarum L. reuteri p-value
(inhibition %) (inhibition %)

E1 (£ col) 37 39 p>0.05
E2 (£ col) 53 61 p>0.05
E3 (£ col) 56 45 p>0.05
EO4 (£ coli0157:H7) 39 50 p>0.05
EO5 (£ coli 0157:H7) 43 46 p>0.05
EO6 (£ coli 0157:H7) 30 iy p>0.05
Overall p-value p <0.05" p>0.05 -

L. plantarum showed the greatest antibiofilm ac-
tivity against isolates E2 and E3 (E. coli), with inhibi-
tion rates of 53% and 56%, respectively, while the low-
est activity was observed against isolate EO6 (E. coli
0157:H7), with 30% inhibition (p < 0.05).

In contrast, L. reuteri exhibited relatively uniform
inhibition across isolates, and no statistically signifi-
cant differences were detected between inhibition lev-
els (p > 0.05). When the two probiotic species were
compared overall, L. plantarum displayed significantly
higher antibiofilm activity than L. reuteri against the
group of strong biofilm-producing isolates (p < 0.05),
although the difference was not evident on an isolate-
by-isolate basis.

Discussion. Although FE. coli is consistently rec-
ognized as the leading cause of pediatric urinary tract
infections, there remains a lack of studies that simulta-
neously evaluate antimicrobial resistance, biofilm for-
mation, virulence gene carriage, and the inhibitory po-
tential of probiotic metabolites against clinical isolates.
In regions where antibiotic resistance is rapidly increas-
ing and monitoring is lacking, this difference stands up
even more. By integrating clinical microbiology with
probiotic inhibitory assays, this study addresses a gap in
the literature and provides novel insights.

Some reports were noted that E. coli is still preva-
lent in juvenile UTIs [1, 38], But, Lee [3] brought at-
tention to the challenges of distinguishing between as-
ymptomatic bacteriuria and actual infection. Our find-
ings support these tendencies and add to the increasing
amount of data connecting the prevalence of the clini-
cally concerning serotype E. coli O157:H7 to infections
of the intestines and hemolytic uremic syndrome in
children. The challenges in managing recurrent UTIs
were emphasized by [12], while the increasing menace
of resistant UPEC strains renders the new dataset thera-
peutically significant [5, 10].

It reflects global antibiotic resistance tendencies.
Miller [39] discovered that resistant strains boost UTI
complications in susceptible patients. The growing re-
sistance in pediatric isolates were demonstrated [2, 4],
supporting our findings. Middelkoop [40] confirmed
the emergency diagnostic value of fast microbiological
tools. Kherroubi [41], who identified GyrA and ParC
mutations as fluoroquinolone resistance pathways,
matches our isolates' patterns. Tellapragada [42] and
Al-Hasnawy [43] discovered widespread cephalosporin
and aztreonam resistance.

Ramirez Castillo [14], Qahtan [44], and Musafer
[45] found that biofilms contribute to recurrent UTIs
and treatment failure, and a significant percentage of
isolates produce biofilms. All MRSA strains have fimH
and ompT genes, supporting Desloges [6] and Zhang
[7]'s conclusions that they aid adherence, antimicrobial
peptide resistance, and colonization.

Antibiotics are becoming less effective, so research
into probiotic-based alternatives or supplements has in-
creased. Latif [15] and Qasemi [16] stressed probiotics'
benefits for bacterial infections, but Akgiil [17] demon-
strated their UTI prevention potential. Luo [46] and
Park [47] investigated Lactobacillus strains' immune-
modulatory effects, and Soltani [19] found that their
metabolites diminish pathogenic E. coli. Carvalho [48]
found that lactobacilli inhibit urinary tract device bio-
films. Recent studies have found antibacterial and anti-
biofilm effects in probiotic metabolites [49].

Our finding that both L. plantarum and L. reuteri
cell-free supernatants inhibited this supports previous
findings that E. coli and E. coli O157:H7 are probiotic-
resistant in wastewater systems [20, 21], food models
like white-brined cheese and minced beef [50, 51], and
biological systems like the intestines, rumen, wounds,
and infections [52-57]. Probiotic metabolites decrease
bacterial virulence, adhesion, and colonization [18,
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58], supporting L. plantarum's better antibiofilm effi-
cacy in this study.

Despite the fact that this study offers valuable
therapeutic and microbiological insights, it is crucial to
note that there are a number of limitations. To start,
the results might not apply to other pediatric groups as
the sample was just from one area. And secondly, be-
cause the molecular research only looked at the fimH
and ompT genes, other resistance and virulence factors
might have gone unnoticed. Thirdly, the study did not
evaluate in vivo effects, host immunological interac-
tions, or optimal dosing settings; it only examined the
antibacterial and antibiofilm efficacy of probiotic cell-
free supernatants in vitro. Fourth, recurrence rates af-
ter probiotic treatment were not assessed by long-term
clinical follow-up in this investigation. Lastly, it would
have been beneficial to study the effects of mixing pro-
biotics with conventional antibiotics. This knowledge
could be useful for real-world clinical implementation.
In future studies with a clinical focus, that are multi-
center and longitudinal, these limitations should be ad-
dressed.

Conclusions. Even though E. coli O157:H7 only
accounts for a small fraction of UTIs in kids, our re-
search confirms that it is the leading cause. The signifi-
cant influence of the region's frequent empirical anti-
biotic use is demonstrated by the isolates' impressive
resistance to numerous antibiotics.
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