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Objective: Urinary tract infection (UTI) is one of the most common bacterial infections in childhood
and, if not diagnosed promptly and treated appropriately, may lead to permanent renal scarring and
impaired kidney function. In recent years, probiotics have emerged as a promising adjunctive strategy
for the prevention and management of UTIs because of their favourable safety profile and their
capacity to modulate both the urinary and intestinal microbiota. This review aimed to critically
evaluate the current preclinical and clinical evidence regarding the therapeutic and preventive potential
of probiotics in paediatric UTIs.

Methods: A narrative literature review was conducted using studies published between 2010 and
2026. Electronic searches were performed in PubMed, Scopus, Web of Science, and Google Scholar.
Eligible experimental, preclinical, clinical, systematic review, and meta-analysis studies investigating
the effects of probiotic interventions on the prevention or treatment of UTIs in children were
identified, screened, and narratively synthesised according to study design and reported outcomes.

Results: Evidence from experimental and clinical studies consistently identified Lactobacillus
acidophilus, Lactobacillus rhamnosus, Lactobacillus plantarum PCS26, Lactobacillus rhamnosus GG,
Bifidobacterium bifidum, and Bifidobacterium lactis as the probiotic strains with the greatest
therapeutic potential. When administered as an adjunct to conventional antibiotic therapy, these
probiotics were associated with reduced UTI recurrence, a lower incidence of febrile UTIs, and
improved recurrence-free survival. Furthermore, findings from systematic reviews and meta-analyses
indicate that species belonging to the genera Lactobacillus and Bifidobacterium currently provide the
strongest evidence for the prevention of recurrent paediatric UTIs. Nevertheless, substantial
heterogeneity in probiotic strains, dosages, treatment duration, and study methodologies has limited
the development of evidence-based, standardised treatment protocols.

Conclusion: Current evidence suggests that probiotics, particularly species of Lactobacillus and
Bifidobacterium, represent a safe and promising adjunctive approach for reducing recurrence and
enhancing the prevention of urinary tract infections in children. However, well-designed mechanistic
studies, animal experiments, and large-scale randomised controlled trials are still required to determine
the optimal probiotic strains, dosing regimens, and treatment duration before these interventions can be
routinely incorporated into paediatric clinical practice.
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Introduction

Childhood diseases represent a major global
public health challenge due to their profound
impact on children's growth, development, and
overall quality of life [1]. Among these conditions,
kidney and urinary tract disorders, particularly
urinary tract infections (UTIs), are among the
most common and clinically significant health
problems affecting the pediatric population [1].

Urinary tract infection (UTI) is one of the most
common bacterial infections in childhood and
remains a major paediatric health concern despite
substantial advances in antimicrobial therapy [2].
Urinary tract infection (UTI) is one of the most
common bacterial infections affecting children,
with millions of new cases reported worldwide
each year [3]. In addition to causing acute
manifestations such as fever, dysuria, and
abdominal pain, delayed diagnosis or inadequate
treatment may result in serious long-term
complications, including renal scarring,
hypertension, impaired renal function, and
ultimately chronic kidney disease [2,3]. The
burden of UTIs is particularly high among infants
and young children owing to the immaturity of the
immune system, congenital abnormalities of the
urinary tract, and other predisposing factors.
Furthermore, recurrent UTIs continue to
represent a significant clinical challenge in both
paediatric nephrology and paediatric urology [3].

The majority of paediatric UTIs are caused by
Gram-negative bacteria, particularly Escherichia
coli, which typically originate from the intestinal
microbiota and ascend to the urinary tract
following colonisation of the perineal region [4].
Although antimicrobial therapy remains the
cornerstone of UTI management, the rapid
emergence of antimicrobial resistance, disruption
of the gut and urinary microbiota, adverse effects
associated with prolonged antibiotic use, and the
high incidence of recurrent infections have
highlighted the need for alternative preventive
and adjunctive therapeutic strategies [5]. In recent
years, increasing attention has been directed
towards the gut-urinary axis, with accumulating
evidence indicating that the gut microbiome plays
a central role in maintaining urinary tract

homeostasis and influencing susceptibility to
urinary infections [6].

Among microbiome-based interventions,
probiotics have emerged as one of the most
promising complementary approaches for the
prevention and management of UTIs. Defined as
live microorganisms that confer health benefits
when administered in adequate amounts,
probiotics exert multiple mechanisms that may
protect against uropathogen colonisation [7].
Experimental and clinical evidence suggests that
Lactobacillus and Bifidobacterium species inhibit
the adhesion of uropathogens to uroepithelial
cells, compete for epithelial binding sites and
available nutrients, produce antimicrobial
metabolites such as lactic acid, hydrogen peroxide,
and bacteriocins, reduce local pH, reinforce
epithelial barrier integrity, and modulate both
innate and adaptive immune responses [8].
Furthermore, the restoration and maintenance of
a balanced gut and urinary microbiota are
increasingly recognised as key mechanisms
underlying the protective effects of probiotic
therapy [9].

Over the past decade, a growing body of evidence,
including in vitro studies, animal experiments,
clinical trials, systematic reviews, and meta-
analyses, has evaluated the efficacy of probiotics
in the prevention and management of paediatric
UTIs [10]. Although many of these studies have
reported  encouraging findings, including
reductions in UTI recurrence, decreased antibiotic
use, and improved clinical outcomes, substantial
heterogeneity in probiotic strains, dosing

regimens, treatment duration, patient
populations, and study designs has limited the
development of definitive clinical

recommendations. Consequently, no consensus
has yet been reached regarding the most effective
probiotic strains, optimal treatment protocols, or
the precise role of probiotics within current
clinical guidelines for paediatric UTI management.

Given the global rise in antimicrobial resistance,
increasing recognition of microbiome
preservation as a therapeutic target, and the
expanding body of evidence supporting
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microbiome-based interventions, a
comprehensive synthesis of the available
preclinical and clinical evidence is both timely and
clinically relevant. Accordingly, this narrative
review aims to provide an up-to-date overview of
the principal probiotic strains investigated to date
and to critically evaluate the current experimental
and clinical evidence regarding the role of
probiotics in the prevention and management of

urinary tract infections in children.

Methods

This study was conducted as a narrative review to
comprehensively evaluate the available evidence
regarding the role of probiotics in the prevention
and management of urinary tract infections (UTIs)
in children. A systematic literature search was
performed in PubMed, Scopus, Web of Science,
and Google Scholar to identify relevant studies
published between January 2010 and June 2026.

The search strategy combined Medical Subject
Headings (MeSH) and free-text terms, including
"probiotics,” "Lactobacillus,” "Bifidobacterium,"
"urinary tract infection,” "UTI," ‘'children,"
"paediatrics,” and "microbiome’. Boolean
operators (AND and OR) were used to optimise
the retrieval of relevant publications.

Eligible studies included in vitro investigations,
animal studies, clinical trials, observational
studies, systematic reviews, meta-analyses, and
narrative reviews that evaluated the effects of
probiotic interventions on the prevention,
treatment, or recurrence of paediatric UTIs.
Studies without accessible full-text articles, case
reports, letters to the editor, conference abstracts,
publications unrelated to the review topic, and
articles published in languages other than English
or Persian were excluded.

Following the screening of titles, abstracts, and
full-text articles, data were extracted on study
design, participant characteristics, probiotic
strains, dosing regimens, treatment duration, and
the principal therapeutic outcomes. Owing to the
narrative nature of this review, the findings were
synthesised qualitatively rather than
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quantitatively. The available evidence was
organised according to the level of evidence, with
separate evaluation of preclinical studies
(including in vitro and animal investigations) and
clinical studies, thereby providing a
comprehensive overview of the current evidence
regarding the role of probiotic therapy in the
prevention and management of paediatric urinary
tract infections.

Results

The included literature was categorised into two
broad groups: (i) experimental and clinical studies
and (ii) evidence syntheses, including narrative
reviews, systematic reviews, and meta-analyses.
Overall, the available evidence suggests that
probiotics, particularly strains belonging to the
genera Lactobacillus and Bifidobacterium, may
contribute to reducing the recurrence of urinary
tract infections (UTIs) in children, prolonging
recurrence-free survival, and enhancing the
effectiveness of conventional antibiotic therapy.
However, the magnitude of these benefits varied
across studies owing to differences in study
design, probiotic formulations, dosing regimens,
treatment duration, and patient populations. The
characteristics and principal findings of the
included studies are summarised in Tables 1 and
2.

As summarised in Table 1, most experimental and
clinical studies reported favourable safety profiles
and reductions in recurrent UTIs following
probiotic administration. The most consistent
therapeutic benefits were observed when
probiotics were administered as adjuncts to
standard antibiotic therapy. In contrast, several
studies reported only numerical reductions in
recurrence rates that did not reach statistical
significance, highlighting the variability of
treatment effects across different clinical settings.

The evidence summarised in Table 2
demonstrated a broadly similar pattern.
Systematic reviews and meta-analyses generally
reported a modest reduction in the risk of
recurrent UTIs among children receiving probiotic
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supplementation. However, the current evidence
remains insufficient to demonstrate the
superiority of probiotics over standard
management alone. Most review articles also
highlighted several mechanisms through which
probiotics may exert protective effects, including
inhibition of uropathogen colonisation,
modulation of host immune responses,

reinforcement of epithelial barrier function, and
restoration of microbial homeostasis.
Nevertheless, they consistently emphasised the
need for large, well-designed randomised
controlled trials to identify the optimal probiotic
strains, dosing regimens, and treatment durations
required to support evidence-based clinical
recommendations.

3 | Plant Biotechnology Persa Volume 8, Issue 3, 2026


https://pbp.medilam.ac.ir/article-1-431-en.html

Urinary Tract Infections in Children

Table 1: Experimental and Clinical Studies Investigating Probiotics for Paediatric Urinary Tract Infections

Study Study design Probiotic strain(s) / Dose and Main findings Conclusion Ref.
intervention treatment
duration
Sadeghi-Bojd et al.,, 2020 Randomised Lactobacillus acidophilus, 18 months Significantly prolonged Probiotic supplementation was safe [11]
controlled trial Lactobacillus rhamnosus, recurrence-free and significantly reduced the risk of
(RCT) Bifidobacterium bifidum, survival in children UTI recurrence.
Bifidobacterium lactis with recurrent UTIs
Mohseni et al,, 2013 Randomised Lactobacillus acidophilus + 107 CFU/mL | Reduced incidence of | Adjunctive probiotic therapy enhanced [12]
controlled trial Bifidobacterium lactis for 3 years febrile UTIs compared the preventive effect of antibiotic
(RCT) combined with nitrofurantoin with standard therapy prophylaxis.
Madden-Fuentes et al., Retrospective Fluoroquinolone therapy Not reported Marked reduction in Combined antibiotic-probiotic therapy [13]
2015 study combined with probiotics the number of showed promising clinical benefits.
recurrent UTI episodes
MeStrovi¢ Popovic et al,, Pilot randomised Lactobacillus plantarum 6 months Lower recurrence rate, The probiotic demonstrated an [14]
2022 controlled trial PCS26 although the difference excellent safety profile and potential
was not statistically clinical efficacy.
significant
Groah etal,, 2019 Clinical trial Intravesical Lactobacillus 6 months Good safety and Intravesical probiotic administration [15]
rhamnosus GG tolerability with no appeared safe and may be beneficial in

major adverse events

carefully selected patients.

[ Downloaded from pbp.medilam.ac.ir on 2026-10-06
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Table 2: Narrative Reviews, Systematic Reviews, and Meta-Analyses Evaluating the Effects of Probiotics on Paediatric Urinary Tract Infections

Study Study Design Probiotic Principal Findings Conclusion Level of Evidence Ref.
Strain(s)/Intervention
Schwenger et al., 2015 Systematic Multiple probiotic No statistically significant Current evidence is Meta-analysis [16]
review and strains reduction in recurrent insufficient to support
meta-analysis urinary tract infections the routine use of
(UTIs) was observed. probiotics for the
prevention of recurrent
UTlIs.
Meena etal., 2021 Systematic Multiple probiotic Probiotics reduced the Probiotics appear to Meta-analysis [17]
review and strains risk of recurrent UTIs provide moderate
meta-analysis compared with placebo clinical benefit,
but did not demonstrate particularly when
superiority over compared with
antibiotic prophylaxis. placebo.
Emami etal,, 2024 Systematic Multiple probiotic A modest reduction in the | The available evidence Meta-analysis [18]
review and strains overall risk of UTIs was is encouraging;
meta-analysis observed among however, additional
individuals receiving high-quality studies are
probiotics. required to strengthen
these findings.
Hosseini et al., 2017 Systematic Multiple probiotic Adjunctive probiotic Combined probiotic- Meta-analysis [19]
review and strains therapy combined with antibiotic therapy may

meta-analysis

antibiotics achieved
superior outcomes
compared with antibiotic

represent a more
effective therapeutic

[ Downloaded from pbp.medilam.acjir on 2026-10-06 ]
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therapy alone. strategy.
Tewary & Narchi, 2015 Narrative review | Lactobacillus spp.and | Probiotics may inhibit the | Further well-designed Narrative review [20]
Bifidobacterium spp. adhesion of clinical studies are
uropathogenic required to confirm
microorganisms to the these findings.
urinary tract epithelium.
Khan et al., 2019 Narrative review Various probiotic Evidence suggests that The current body of Narrative review [21]
species probiotics may reduce evidence remains
uropathogen colonisation limited and warrants
of the urinary tract. further high-quality
investigation.
Beyitler & Kavukcu, 2017 | Narrative review | Lactobacillus spp. and Probiotics may enhance Additional large-scale Narrative review [22]
Bifidobacterium spp. host immune responses randomised controlled
while suppressing the trials are needed to
growth of urinary establish clinical
pathogens. efficacy.
Caffarelli et al., 2015 Narrative review Multiple probiotic The available evidence More robust clinical Narrative review [23]
strains was considered research is required
insufficient to support before routine clinical
definitive clinical implementation can be
recommendations. recommended.
Qasemi et al., 2023 Comprehensive Various probiotic Probiotics demonstrated Standardisation of Comprehensive review [24]
review formulations considerable therapeutic probiotic strains,

potential for the
prevention and
management of UTIs.

dosages, and treatment
protocols is required
before widespread
clinical application.

[ Downloaded from pbp.medilam.ac.ir on 2026-10-06 ]
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Hudson et al., 2022

Narrative review

Probiotics combined
with antimicrobial
therapy

Combination therapy was
associated with a lower
incidence of recurrent

Adjunctive probiotic
supplementation
appears to be a

Narrative review

[25]

UTIs than antimicrobial
therapy alone.

promising strategy for

reducing UTI
recurrence.

Table 3: Clinical Effectiveness of Probiotics in the Prevention and Management of Paediatric Urinary Tract Infections

Clinical Effectiveness Level Symbol Number of | Percentage | Representative Studies Interpretation of the Evidence
Studies (n
=15)
High effectiveness ' 4 26.7% Sadeghi-Bojd et al., 2020; Mohseni | These studies consistently demonstrated a significant reduction
et al, 2013; Hosseini et al.,, 2017; | in recurrent urinary tract infections (UTIs), prolonged
Hudsonetal.,, 2022 recurrence-free survival, and improved clinical outcomes when
probiotics were administered as an adjunct to antibiotic therapy.
Collectively, they provide the strongest evidence supporting the
clinical effectiveness of probiotic supplementation.

Moderate effectiveness O 7 46.7% Madden-Fuentes et al, 2015; | The available evidence suggests that probiotics may provide
g Mestrovi¢ Popovi¢ et al, 2022; | clinically meaningful benefits; however, the overall magnitude of
° Meena et al., 2021; Emami et al, | these effects remains modest. Interpretation of the findings is
% 2024; Tewary & Narchi, 2015; | limited by substantial heterogeneity in study design, probiotic
2 Khan et al, 2019; Qasemi et al, | strains, dosages, treatment regimens, and outcome measures, as
g 2023 well as the absence of statistically significant improvements in
g several clinical endpoints.
zﬁLimited or insufficient . 4 26.7% Schwenger et al,, 2015; Beyitler & | These studies primarily focused on safety, feasibility, or
é Kavukcu, 2017; Caffarelli et al, | summarising the available literature rather than providing
3
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evidence

2015; Groahetal., 2019 definitive evidence of clinical efficacy. Consequently, the current

evidence is insufficient to support the routine use of probiotics
for the prevention or management of paediatric UTIs,
highlighting the need for additional high-quality, adequately
powered randomised controlled trials.

[ Downloaded from pbp.medilam.ac.ir on 2026-10-06 ]

To facilitate interpretation of the findings, a pragmatic evidence-
rating system was adopted. The @ (green) symbol denoted high
clinical effectiveness supported by strong evidence, indicating that
well-designed studies with consistent findings demonstrated the
beneficial effects of probiotics. The () (yellow) symbol represented
moderate clinical effectiveness supported by moderate evidence,
reflecting studies that reported favourable outcomes but were limited
by methodological heterogeneity, variability in probiotic strains,
treatment regimens, or outcome measures, and/or insufficient
statistical power, thereby precluding definitive conclusions. The @

(red) symbol indicated limited or insufficient evidence, signifying
that the available data were inadequate to establish the clinical
effectiveness of probiotics with confidence because of the limited
number of studies, inconsistent findings, or the overall low certainty
of the evidence. This pragmatic classification was intended to
provide readers with a clear and concise summary of the current
strength and consistency of the evidence regarding the therapeutic
role of probiotics in the prevention and management of paediatric
urinary tract infections.
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Table 4: Evidence Matrix of the Included Studies

Reduction in

Safety

support the routine use of probiotics

Study Study Design Probiotic Strain(s) or Overall Conclusion Level of Evidence
Intervention UTI
Recurrence
Sadeghi-Bojd et al., 2020 Randomised Lactobacillus acidophilus, . ‘ Demonstrated significant efficacy in Yk
controlled trial Lactobacillus rhamnosus, preventing recurrent UTIs, with an
(RCT) Bifidobacterium bifidum, excellent safety profile.
and Bifidobacterium lactis
Mohseni et al., 2013 Randomised Lactobacillus acidophilus, . . Adjunctive probiotic therapy e ¢
controlled trial Bifidobacterium lactis, plus enhanced the effectiveness of
(RCT) nitrofurantoin conventional antibiotic treatment
while maintaining good tolerability.
Madden-Fuentes et al., 2015 Retrospective Probiotic supplementation O . Probiotic supplementation was * %k
cohort study combined with associated with a reduced frequency
fluoroquinolone therapy of recurrent UTIs; however, the
overall strength of evidence remains
moderate.
Mestrovi¢ Popovic et al,, Pilot randomised Lactobacillus plantarum O ' Demonstrated promising preliminary * %
2022 controlled trial PCS26 efficacy and a favourable safety
profile, supporting the need for larger
g confirmatory trials.
.
§ Groah etal., 2019 Clinical trial Intravesical Lactobacillus ‘ . The intervention was well tolerated >k
é rhamnosus GG and appeared safe; however,
g evidence of clinical efficacy remained
g limited.
g Schwenger et al., 2015 Systematic review Multiple probiotic strains ‘ O Current evidence is insufficient to Y %k ok
i
S
:
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and meta-analysis

for the prevention of recurrent UTIs.

Meena etal., 2021

Systematic review
and meta-analysis

Multiple probiotic strains

Probiotics reduced the risk of
recurrent UTIs compared with
placebo but did not demonstrate
superiority over antibiotic
prophylaxis.

Yk

Emami et al,, 2024

Systematic review
and meta-analysis

Multiple probiotic strains

A modest reduction in UTI risk was
observed, suggesting potential
clinical benefit; however, further
high-quality evidence is required.

Y %k ok

Hosseini et al., 2017

Systematic review
and meta-analysis

Multiple probiotic strains

Combined probiotic-antibiotic
therapy demonstrated greater
effectiveness than antibiotic therapy
alone in preventing recurrent UTIs.

Y %k kK

Tewary & Narchi, 2015

Narrative review

Lactobacillus spp. and
Bifidobacterium spp.

Summarised several potential
mechanisms of action, including
inhibition of uropathogen adhesion
and modulation of host immune
responses.

ok

Khan et al., 2019

Narrative review

Various probiotic species

Reported evidence suggesting
reduced uropathogen colonisation;
however, the overall evidence base

remains limited.

%k

Beyitler & Kavukcu, 2017

Narrative review

Lactobacillus spp.

Concluded that additional well-
designed, high-quality clinical trials
are required before firm clinical
recommendations can be made.

* K

[ Downloaded from pbp.medilam.dc.ir on 2026-10-06 ]
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Caffarelli et al., 2015

Narrative review

Multiple probiotic strains

The available evidence was
considered insufficient to support
definitive clinical recommendations
regarding probiotic use.

*k

Qasemi et al., 2023

Comprehensive
review

Multiple probiotic strains

Highlighted the promising
therapeutic potential of probiotics
while emphasising the need for
standardisation of probiotic strains,
dosages, and treatment protocols.

*

Hudson et al., 2022

Narrative review

Probiotics combined with
antimicrobial therapy

Suggested that adjunctive probiotic

therapy may represent a promising

strategy for reducing recurrent UTIs
and improving clinical outcomes.

ok

[ Downloaded from pbp.medilam.ac.ir on 2026-10-06 ]
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In this review, the level of evidence was classified
according to the study design. Systematic reviews
and meta-analyses were assigned the highest level
of evidence (%% % %) because they systematically
synthesise and critically appraise findings from
multiple independent studies, thereby providing
the most robust and reliable estimates of
intervention effectiveness. Randomised controlled
trials (RCTs) were assigned a rating of i,
reflecting their high methodological rigour and
their pivotal role in establishing causal
relationships and evaluating the efficacy of clinical
interventions. Pilot trials, retrospective studies,
and narrative or comprehensive reviews were
assigned %%, as these study designs provide
valuable scientific insights but generally represent
a lower level of evidence because of
methodological limitations, smaller sample sizes,
or the absence of systematic evidence synthesis.

Overall, 15 eligible studies were included in this
review, comprising randomised controlled trials,
retrospective studies, pilot randomised controlled
trials, narrative reviews, comprehensive reviews,
and systematic reviews with meta-analyses. The
overall appraisal of the evidence demonstrated
that 4 studies (26.7%) provided strong evidence
of high clinical effectiveness, 7 studies (46.7%)
reported moderate or promising clinical
effectiveness, and 4 studies (26.7%) provided
limited or insufficient evidence regarding the role
of probiotics in the prevention and management
of paediatric urinary tract infections (UTIs).
Collectively, the available evidence suggests that
probiotics—particularly when used as an adjunct
to conventional antibiotic therapy—may offer
clinically meaningful benefits in reducing UTI
recurrence while maintaining a favourable safety
profile. Nevertheless, the current evidence
remains limited by heterogeneity in probiotic
strains, dosages, treatment regimens, study
populations, and outcome measures. Therefore,
additional large-scale, well-designed, adequately
powered randomised controlled trials employing
standardised  probiotic  formulations  and
harmonised treatment protocols are required to

ary Tract Infections in Children

strengthen the evidence base and inform routine
clinical practice.

Randomised controlled trials (RCTs), particularly
those conducted by Sadeghi-Bojd et al. and
Mohseni et al, demonstrated that adjunctive
administration of Lactobacillus and
Bifidobacterium strains in combination with
standard antibiotic therapy significantly reduced
the recurrence of urinary tract infections (UTIs),
prolonged recurrence-free survival, and improved
overall clinical outcomes. These findings were
further supported by the systematic review and
meta-analysis conducted by Hosseini et al. and the
narrative review by Hudson et al,, both of which
concluded that combined probiotic-antibiotic
therapy was more effective than antibiotic therapy
alone. Collectively, these studies provide
compelling evidence supporting the wuse of
probiotics as a promising adjunctive strategy for
the prevention of recurrent paediatric UTIs.

In contrast, studies by Meena et al. (2021), Emami
et al. (2024), Mestrovi¢ Popovi¢ et al. (2022),
Madden-Fuentes et al. (2015), together with
several narrative and comprehensive reviews,
reported modest reductions in UTI recurrence or
overall infection risk. Although these findings
suggest potential clinical benefits, the magnitude
of the observed treatment effects was generally
modest and should be interpreted with caution
because of substantial heterogeneity across
studies. Differences in probiotic strains, dosages,
treatment duration, patient populations, clinical
outcome measures, and methodological quality
limited direct comparisons and reduced the
overall certainty of the evidence.

Conversely, the systematic review by Schwenger
et al. and the narrative reviews by Beyitler and
Kavukcu and Caffarelli et al. concluded that the
current evidence remains insufficient to support
the routine use of probiotics for the prevention or
treatment of paediatric UTIs. Similarly, the clinical
trial conducted by Groah et al., which primarily
evaluated the safety of intravesical administration
of Lactobacillus rhamnosus GG, demonstrated
good tolerability and an acceptable safety profile
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but failed to provide convincing evidence of
therapeutic efficacy.

Overall, the synthesis of the available evidence
indicates that probiotics particularly strains
belonging to the genera Lactobacillus and
Bifidobacterium—represent a safe and promising
adjunct to conventional antimicrobial therapy for
reducing the risk of recurrent UTIs in children.
However, the current evidence remains
constrained by substantial heterogeneity in
probiotic strain selection, dosage, treatment
duration, patient populations, outcome measures,
and study methodology, precluding definitive
recommendations for routine clinical use. Future
research should prioritise large-scale, multicentre,
adequately powered randomised controlled trials
employing standardised probiotic formulations,
harmonised intervention protocols, and clinically
relevant outcome measures. Such studies are
essential to identify the optimal probiotic strains,
dosing regimens, treatment duration, and target
patient populations, thereby strengthening the
evidence base and informing evidence-based
clinical guidelines for the prevention and
management of paediatric urinary tract infections.

Discussion

Frequent recurrence, the emergence of
antimicrobial resistance, and disruption of the
normal microbiota have limited the long-term
effectiveness of conventional antibiotic-based
management. Over the past decade, increasing
recognition of the urinary and gut microbiomes as
critical regulators of urinary tract homeostasis
and host immune function has stimulated growing
interest in probiotics as a safe adjunctive strategy
for preventing recurrent UTIs. Recent narrative
reviews, systematic reviews, and meta-analyses
collectively suggest that probiotics may provide
clinically meaningful benefits, particularly when
administered alongside standard antimicrobial
therapy [20-25].

The principal finding of the present review is that
probiotic preparations containing Lactobacillus
and Bifidobacterium species, particularly when
used as adjuncts to conventional antibiotic

therapy, may reduce the recurrence of paediatric
UTIs, decrease the incidence of febrile UTIs,
prolong recurrence-free survival, and improve
selected clinical outcomes. These observations are
supported by the randomised controlled trials
conducted by Sadeghi-Bojd et al. and Mohseni et
al, which demonstrated superior outcomes with
adjunctive probiotic therapy, as well as by the
retrospective study of Madden-Fuentes et al,
which reported a reduction in recurrent UTI
episodes. Similarly, the systematic review and
meta-analysis by Hosseini et al. and the narrative
review by Hudson et al. concluded that combining
probiotics with antibiotics provides greater
clinical benefit than antibiotic therapy alone.
However, not all studies reached consistent
conclusions. The pilot randomised controlled trial
by Mestrovi¢ Popovic¢ et al. and the systematic
review by Schwenger et al. reported encouraging
but inconclusive findings, primarily because of
considerable heterogeneity across studies and
relatively modest treatment effects. These
observations underscore the need for additional
high-quality evidence before routine clinical
implementation can be recommended [11-18].

The beneficial effects of probiotics are likely
mediated through multiple complementary
biological = mechanisms.  Lactobacillus  and
Bifidobacterium species compete with
uropathogens for epithelial adhesion sites,
thereby reducing bacterial colonisation of the
urinary tract. They also produce antimicrobial
metabolites, including lactic acid, bacteriocins, and
hydrogen peroxide, which inhibit pathogen
growth and virulence. In addition, probiotics
modulate innate and adaptive immune responses
by enhancing mucosal immunity, regulating
inflammatory cytokine production, and
strengthening  epithelial  barrier integrity.
Restoration and maintenance of a balanced
intestinal and urinary microbiota may further
reduce the translocation of enteric uropathogens
particularly FEscherichia coli, the predominant
causative organism of paediatric UTIs from the
gastrointestinal tract to the urinary tract. These
proposed mechanisms are consistent with
previous reviews that identified inhibition of
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uropathogen adhesion, suppression of pathogen
colonisation, reinforcement of mucosal barrier
function, and immunomodulation as the principal
mechanisms underlying probiotic efficacy [20-
22].

Despite these encouraging findings, the current
evidence should be interpreted cautiously.
Considerable  heterogeneity  exists  across
published studies with respect to probiotic
strains, formulations, dosages, treatment duration,
routes of administration, participant
characteristics, definitions of recurrent UTI,
follow-up periods, and clinical outcome measures.
This variability limits direct comparison among
studies and reduces confidence in pooled
estimates of treatment effect. Although several
systematic reviews and meta-analyses have
reported modest reductions in recurrent UTI risk,
they have consistently concluded that the overall
certainty of the evidence remains low to moderate
and is insufficient to support the routine clinical
use of probiotics. Consequently, well-designed
mechanistic investigations, translational studies,
and adequately powered multicentre randomised
controlled trials using standardised probiotic
formulations and harmonised outcome measures
are required to identify the most effective
probiotic strains, optimal dosages, treatment
durations, and patient populations most likely to
benefit from probiotic therapy [16-19, 23-25].

Another important consideration is that probiotics
should currently be regarded as an adjunct rather
than a replacement for antimicrobial therapy.
None of the available evidence supports
substituting probiotics for established antibiotic
treatment in children with acute UTIs. Instead,
their greatest potential clinical value may lie in
reducing recurrent infections, preserving
microbiome integrity, and decreasing cumulative
antibiotic exposure, thereby contributing to
antimicrobial stewardship. Future studies should
also evaluate long-term safety, cost-effectiveness,
strain-specific efficacy, and personalised probiotic
approaches based on microbiome composition,
which may facilitate precision medicine strategies
for preventing paediatric UTIs.

ary Tract Infections in Children

Early diagnosis and timely management of
childhood diseases [26], particularly kidney and
urinary tract disorders, are essential for
preventing  long-term  complications  and
improving health outcomes. Furthermore, the
implementation of emerging therapeutic
approaches has the potential to enhance
treatment efficacy and reduce the risk of disease
recurrence [27].

Conclusion

The evidence synthesised in this narrative review
indicates that probiotics, particularly strains
belonging to the genera Lactobacillus and
Bifidobacterium, represent a safe and promising
adjunct to conventional therapy for paediatric
urinary tract infections. Current evidence suggests
that probiotic supplementation may reduce UTI
recurrence, decrease the incidence of febrile UTIs,
prolong recurrence-free survival, and improve
selected clinical outcomes when administered
alongside standard antibiotic therapy. These
benefits are biologically plausible and are
supported by an expanding body of experimental,
clinical, and evidence-synthesis research.
Nevertheless, the existing literature remains
heterogeneous with respect to probiotic strain
selection, formulation, dosage, treatment
duration, study populations, clinical outcome
measures, and methodological quality.
Furthermore, several systematic reviews and
meta-analyses have concluded that the overall
certainty of the available evidence remains low to
moderate, with relatively modest treatment
effects and insufficient consistency to justify
universal clinical recommendations.
Consequently, probiotics cannot currently be
recommended as a substitute for established
antimicrobial therapy or for routine use in all
children with UTIs. Overall, probiotics should be
considered a promising adjunctive intervention
with the potential to enhance the prevention and
management of recurrent paediatric UTIs.
However, their incorporation into routine clinical
practice will require robust evidence from large-
scale, multicentre, adequately powered
randomised controlled  trials employing
standardised probiotic formulations and clinically
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relevant outcome measures. In parallel,
mechanistic and translational studies should
further elucidate host-microbiome interactions,
identify the most effective probiotic strains and
dosing regimens, determine optimal treatment
duration, and define the paediatric populations
most likely to benefit. Such research will
strengthen the evidence base, inform future
clinical guidelines, and facilitate the evidence-
based integration of probiotics into the prevention
and management of paediatric urinary tract
infections.
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