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Abstract: Background: Urinary tract infection (UTI) represents one of the most common infectious
diseases and a major cause of antibiotic prescription in children. To prevent recurrent infections
and long-term complications, low-dose continuous antibiotic prophylaxis (CAP) has been used.
However, the efficacy of CAP is controversial. The aim of this document was to develop updated
guidelines on the efficacy and safety of CAP to prevent pediatric UTIs. Methods: A panel of experts
on pediatric infectious diseases, pediatric nephrology, pediatric urology, and primary care was asked
clinical questions concerning the role of CAP in preventing UTIs in children. Overall, 15 clinical
questions were addressed, and the search strategy included accessing electronic databases and a
manual search of gray literature published in the last 25 years. After data extraction and narrative
synthesis of results, recommendations were developed using the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) methodology. Results: The use of CAP is
not recommended in children with a previous UTI, with recurrent UTIs, with vesicoureteral reflux
(VUR) of any grade, with isolated hydronephrosis, and with neurogenic bladder. CAP is suggested in
children with significant obstructive uropathies until surgical correction. Close surveillance based on
early diagnosis of UTI episodes and prompt antibiotic therapy is proposed for conditions in which
CAP is not recommended. Conclusions: Our systematic review shows that CAP plays a limited role in
preventing recurrences of UTI in children and has no effect on its complications. On the other hand,
the emergence of new antimicrobial resistances is a proven risk.

Keywords: antibiotic prophylaxis; antibiotic resistance; obstructive uropathies; pediatrics; urinary
tract infection

1. Introduction

Urinary tract infection (UTI) represents one of the most common infectious diseases
and a major cause of antibiotic prescription in the pediatric population [1]. UTIs affect up to
2.8% of children annually in high-income countries, with recurrence rates ranging from 8%
to 30% [2,3]. Risk factors for recurrent UTIs in pediatric age include congenital abnormalities
in the urinary tract (i.e., vesicoureteral reflux (VUR), ureteropelvic junction obstruction,
urethral valves), chronic constipation, voiding bladder dysfunction or incomplete bladder
emptying, neurogenic bladder, gender, and poor toilet hygiene [2,3]. Even though acute
septic complications are uncommon, permanent renal scarring may occur in 15% of first
episodes of UTI and in 40% of total cases [4,5]. The loss of renal function may lead to
proteinuria, hypertension, and kidney failure. To prevent these frightening complications
and UTI recurrences, low-dose continuous antibiotic prophylaxis (CAP) has been used,
particularly in children with urinary tract anomalies [3–5]. However, the efficacy of CAP is
still controversial. Recent high-quality evidence reported a small benefit from CAP only
in terms of prevention of recurrence and only in some subgroups of patients, without any
effect on the risk of renal scarring [6].

On the other hand, misuse of antibiotics is known to increase the spread of antimicro-
bial resistance in community-acquired UTIs, which is already an alarming threat further
limiting the effectiveness of available antibiotics. In a European study that included Italy,
resistance rates to amoxicillin and trimethoprim–sulfamethoxazole were found to already
exceed 50% in some populations of both outpatients and inpatients [7]. In a retrospective
study conducted in the USA, 368,398 isolates from children with UTI were analyzed, and it
was observed that 1.97% were resistant to third-generation cephalosporins and 0.47% were
identified as extended-spectrum beta-lactamase (ESBL) producers, with both phenotypes
increasing during the study period [8]. In an Italian population of hospitalized children
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with febrile UTI, resistance to amoxicillin/clavulanic acid was observed in 33.8% of cases,
and infections caused by MDR pathogens represented 6.7% of cases [9].

Guidelines show uncertainty on which group of patients can really benefit from
CAP. Available recommendations concern almost exclusively patients with VUR, and they
are often based on expert opinions. In addition, there is no strong evidence to support
individual drugs, dosages, and duration of antibiotic prophylaxis. Furthermore, the current
evidence is biased by the heterogeneity in the classification and management of pediatric
uropathies. This might undermine the gathering of strong evidence and the design of
specific trials.

We previously performed a pilot study investigating the agreement among a panel of
experts on the diagnosis and management of pediatric UTI through the Delphi method.
The consensus document suggested antibiotic prophylaxis only in children with high-grade
VUR or a history of recurrent UTIs until the exclusion of urological anomalies through
voiding cystourethrography (VCUG) [10]. The study underlined the need for a more
in-depth analysis of available evidence about CAP for pediatric UTIs. The aim of this
document was to develop updated guidelines on the efficacy and safety of CAP to prevent
pediatric UTIs.

2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [11]. A pre-
specified protocol was prospectively registered in PROSPERO under registration number
CRD42023411459 (available at http://www.crd.york.ac.uk/PROSPERO, accessed on 30
May 2023).

2.1. Clinical Question

A scientific board composed of experts on pediatric infectious diseases and primary
care was in charge of designing and conducting this systematic review. A panel of experts
on pediatric infectious diseases, pediatric nephrology, pediatric urology, and primary care
was selected by the scientific board based on their clinical experience and research skills
and was asked to develop clinical questions concerning the role of CAP in preventing UTIs
in children. The panel voted and validated 15 clinical questions evaluating the efficacy
and safety of CAP in subgroups of children with specific conditions at risk of UTI and
investigating its optimal duration and dosage. According to validated clinical questions,
populations, interventions, comparisons, and outcomes (PICO) were addressed by the
scientific board and defined as follows:

• Populations included pediatric patients aged under 18 years with any of the following
conditions: a previous UTI, history of recurrent UTIs, VUR, isolated hydronephrosis,
infravesical obstruction, primary obstructive megaureter, or neurogenic bladder. Pop-
ulations also included pediatric patients aged under 18 years undergoing pyeloplasty,
ablation of urethral valves, ureteral reimplantation, or endoscopic treatment of VUR.

• Interventions and comparisons included CAP versus no prophylaxis or placebo, differ-
ent antibiotics, different dosages, continuing versus discontinuing CAP after surgical
or endoscopic treatments, and confirming versus changing antibiotics after a break-
through infection.

• Outcomes were risk of UTI recurrences, risk of new renal scarring, risk of new antimi-
crobial resistances, and risk of drug-related adverse events.

2.2. Search Strategy and Eligibility Criteria

The search strategy included accessing electronic databases (MEDLINE, EMBASE,
Scopus, and Cochrane Library) through ad hoc search queries and a manual search of
gray literature consulting guideline-focused repositories (Web of Science, Google Scholar,
and National Institute for Health and Care Excellence) and documents from scientific
societies. Moreover, the references of included articles were further evaluated to identify

http://www.crd.york.ac.uk/PROSPERO
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other relevant documents for inclusion. The references were regularly updated during the
drafting of the review. The search strategy is detailed in the Supplementary Materials.

Each record was independently screened by two members of the scientific board, and
disagreements were resolved through consensus among the whole board. In the case of
studies reporting results in more than one publication, the most recent and comprehensive
article was included. Observational studies, randomized clinical trials, systematic reviews
with or without meta-analysis, and guidelines published from January 1997 to January 2023
were considered for inclusion. Case reports, case series, editorials, and clinical studies from
middle- and low-income countries were excluded. Articles published in languages other
than English or Italian were also excluded. Studies excluded after full-text evaluation were
documented, and reasons for exclusion are detailed in the Supplementary Material S1.

2.3. Risk of Bias and Methodological Quality Assessment

Each included article was independently evaluated by at least two members of the
scientific board. The risk of bias of randomized clinical trials and observational studies
was evaluated using the Risk of Bias 2 (RoB2) tool and the Newcastle–Ottawa Scale (NOS),
respectively [12,13]. Results from RoB2 analysis are presented as plots [14].

The methodological quality of systematic reviews and meta-analyses was assessed
using the AMSTAR-2 tool [15]. Evaluation of included guidelines was independently
conducted by four members of the scientific board using the AGREE II tool [16,17].

2.4. Data Extraction and Synthesis

Data extraction was performed independently by three reviewers. Although no meta-
analysis was performed, a narrative synthesis of included studies was provided. Results
for comparable outcomes from randomized clinical trials and observational studies were
pooled using the GRADEpro software and presented as risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) with 95% confidence intervals (95% CIs) [18].

Indirectness, inconsistency, and imprecision were evaluated for pooled results of each
outcome. Assessment of imprecision was based on both the optimal information size (OIS)
criterion and 95% CI. OIS was estimated using the parameters suggested by Guyatt et al.
(α = 0.05, β = 0.2, relative risk reduction = 25%) [19]. Certainty of pooled results was
established using GRADEpro software. Results from meta-analyses were not included
in pooled synthesis but were presented separately to avoid compromising their higher
statistical quality.

The panel followed a systematic process that included a standardized methodology
for rating the certainty of the evidence and strength of recommendation using the Grading
of Recommendations, Assessment, Development, and Evaluations (GRADE) methodol-
ogy. Supplementary Material S1 reports the clinical questions and PICO items in detail.
Recommendations were developed for each clinical question and presented with the asso-
ciated strength and evidence quality. When evidence from clinical studies was insufficient,
recommendations were developed through consensus among the panel of experts and
presented as expert opinions. A draft version of the document underwent extensive review
by the experts.

3. Results

Overall, 9616 records from electronic databases and 9 records from gray literature
were screened, resulting in 89 full-text articles further assessed for eligibility. Of these
articles, 6 reports were not retrieved and 33 were excluded. Fifty-six articles were finally
included: 12 randomized clinical trials, 18 observational studies, 18 systematic reviews, and
8 guidelines [Figure 1]. At least one article was available for 13 of the 15 clinical questions.
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Figure 1. PRISMA flow diagram showing the identification, screening, and inclusion of the studies.
* Full list of excluded studies with detailed description is provided in Supplementary Material S1
(Table S1).

3.1. Should Continuous Antibiotic Prophylaxis Be Used in All Children with a Previous UTI?

Recommendation 1
Continuous antibiotic prophylaxis is not routinely indicated in all children after the first

episode of UTI (strong recommendation against the intervention; evidence quality: moderate).
Pooled results of three randomized clinical trials and one observational cohort study

failed to demonstrate a significant benefit of CAP in all children with a previous UTI, in
terms of both UTI recurrence and renal scarring. On the other hand, a significantly higher
risk of drug-related adverse effects and an almost significant increase in antimicrobial
resistances were observed in two of the included clinical trials [Table 1]. The trial conducted
by Craig et al. was the only one reporting a statistically significant reduction in UTI
recurrence in children receiving TMP-SMX (HR: 0.61; 95% CI: 0.40–0.93; p = 0.02) [20]. All
three RCTs and the cohort study by Conway et al. showed that CAP had no effect on the
risk of new renal scarring [20–23].

Children randomly assigned to CAP by Craig et al. had an almost significantly in-
creased risk of subsequent UTIs caused by drug-resistant uropathogens (RR 1.85; 95%
CI: 0.96–3.55) [20]. In the multivariate analysis of the observational cohort study by
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Conway et al., CAP was a significant risk factor for antimicrobial resistances (HR: 7.50; 95%
CI: 1.60–35.17) [23]. An observational cross-sectional study confirmed that CAP is a signifi-
cant risk factor for subsequent resistance to antibiotics commonly used for prophylaxis [24].

Drug-related adverse events were analyzed by two RCTs that reported a strong associ-
ation with the use of CAP (pooled RR: 2.41; 95% CI: 1.19–4.89) [20,21] [Table 1].

Table 1. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with one previous UTI (first clinical question).
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3 [20–22] randomized
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serious serious b none 68/515

(13.2%)
94/617
(15.2%)

RR 0.87
(0.65 to 1.16)

20 fewer
per 1.000

(53 fewer–24
more)

⊕⊕⊕#
Moderate

1 [23] observational
studies

not
serious c

not
serious

not
serious

very
serious b none 19/128

(14.8%)
64/483
(13.3%)

HR 1.01
(0.50 to 2.02)

1 more per
1.000
(64

fewer–117
more)

⊕###
Very low

Risk of new renal scars (follow-up: mean 12 months; assessed as rates of new renal scars on DMSA scan)
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not
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(4.9%)

RR 0.81
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Risk of new antimicrobial resistances (follow-up: mean 12 months; assessed as rates of infections resistant to empiric antibiotics)
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(2.4%)

RR 2.41
(1.19 to 4.89)
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1.000

(5 more–94
more)

⊕⊕⊕⊕
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CI: confidence interval; HR: hazard ratio; OR: odds ratio; RR: risk ratio. a: complete risk of bias analysis with
results for single domains of the RoB2 tool is presented in Supplementary Materials. b: OIS criterion is not met
and 95% CI overlaps no effect. c: complete risk of bias analysis with results for Newcastle–Ottawa Scale tool is
presented in Supplementary Tables and Figures. d: OIS criterion is not met.

Nine systematic reviews (three high-quality, one moderate-quality, and five low-quality),
including studies on children with and without VUR, agreed on the lack of benefits of CAP in
all children after the first UTI [6,25–31]. Detailed results of all the included systematic reviews
and meta-analyses are reported in Table S3 of Supplementary Materials.

Clinical guidelines published by the Italian Society for Pediatric Nephrology (SINePe)
and the Kidney Health Australia/Caring for Australians and New Zealanders with Renal
Impairment (KHA/CARI) and the Swiss consensus recommendations suggest against the
routine use of CAP (Grade A) [32–34] [Table S4].
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3.2. Should Continuous Antibiotic Prophylaxis Be Used in All Children with a History of
Recurrent UTIs?

Recommendation 2
A history of recurrent UTIs without underlying urological anomalies does not constitute

a sufficient indication for continuous antibiotic prophylaxis (weak recommendation against the
intervention; evidence quality: low).

Short-term prophylaxis may be considered until the exclusion of urological anomalies (weak
recommendation for the intervention; expert opinion).

Few studies evaluated the indication for CAP based only on a history of recurrent UTIs
independently from the assessment of VUR or other urological abnormalities [Table 2].

Table 2. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with recurrent UTIs (second clinical question).
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Risk of new antimicrobial resistances (assessed as rates of infections resistant to empiric antibiotics)
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(25.9%)
RR 1.54
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CI: confidence interval; HR: hazard ratio; OR: odds ratio; RR: risk ratio. a: complete risk of bias analysis with
results for single domains of the RoB2 tool is presented in Supplementary Materials. b: OIS criterion is not met
and 95% CI overlaps no effect. c: complete risk of bias analysis with results for Newcastle–Ottawa Scale tool is
presented in Supplementary Tables and Figures. d: OIS criterion is not met.

A subgroup analysis on 98 children enrolled in the RCT by Craig et al. and defined
only by the history of previous recurrent UTIs showed no benefits from CAP on the
risk of breakthrough UTIs (p = 0.59; HR: 0.65, 95% CI: 0.32–1.32) [20]. A case–control
study conducted on 41 cases of breakthrough UTIs in children with a history of recurrent
UTIs showed a higher, although not statistically significant, risk of resistances to empiric
antibiotics in children receiving CAP (40.0% vs. 25.9%, p > 0.30) [35]. The systematic
review conducted by Alsubaie et al. showed that CAP may reduce the risk of recurrent
symptomatic UTI in children who have had more than one previous UTI, but the benefit
was not statistically significant (RR, 0.75; 95% CI, 0.28–1.98). A 2.5-fold higher threat of
developing an antibiotic-resistant infection was observed in children receiving CAP [36].
However, the systematic review presented a low methodological quality.

According to guidelines by SINePe and NICE, antibiotic prophylaxis may be consid-
ered for children with a history of recurrent UTIs only after other management options
have been unsuccessful (behavioral and personal hygiene measures, managing any triggers,
and using non-antimicrobial treatments) and/or when more than three episodes occur
within 12 months [32,37] [Table S7]. However, patients with these clinical criteria also
require further radiological evaluations (e.g., void cystourethrography) to exclude urinary
tract anomalies, as suggested by main urological guidelines [38,39]. The panel of experts
concluded that during the diagnostic workup, a short bridge antibiotic prophylaxis may be
considered until exclusion of obstructive uropathies.
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3.3. Should Continuous Antibiotic Prophylaxis Be Used in All Children with VUR of Any Grade?

Recommendation 3
Continuous antibiotic prophylaxis is not recommended for children with low-grade (I–II) or

non-dilating VUR (strong recommendation against the intervention; quality of evidence: moderate).
Close surveillance based on early diagnosis (i.e., urinalysis and urine culture) and prompt

antibiotic therapy in symptomatic/febrile children may be considered in children with VUR of any
grade (weak recommendation; expert opinion).

Pooled results from five randomized clinical trials showed a statistically significant
reduction in UTI recurrences in children with VUR of any grade receiving CAP (pooled RR:
0.75; 95%CI: 0.62–0.90) [20,22,40–42] [Table 3].

Table 3. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with VUR of any grade (third clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI recurrence (follow-up: mean 18 months; assessed as rates of recurrence)

5
[20,22,40–42]

randomized
trials

not
serious a

not
serious

not
serious

not
serious none 140/632

(22.2%)
195/656
(29.7%)

RR 0.75
(0.62 to 0.90)

74 fewer
per 1.000

(113
fewer–30

fewer)

⊕⊕⊕⊕
High

Risk of UTI recurrence (follow-up: mean 44 months; assessed as rates of recurrence)

2 [43,44] observational
studies

not
serious b

not
serious

not
serious serious c none 80/449

(17.8%)
53/368
(14.4%)

RR 1.11
(0.96 to 1.30)

16 more per
1.000

(6 fewer–43
more)

⊕###
Very low

Risk of new renal scars (follow-up: mean 20 months; assessed as rates of new renal scars on DMSA scan)

3 [22,41,42] randomized
trials

not
serious

not
serious

not
serious serious c none 23/325

(7.1%)
21/335
(6.3%)

RR 1.13
(0.64 to 2.00)

8 more per
1.000

(23 fewer–63
more)

⊕⊕⊕#
Moderate

Risk of new antimicrobial resistances (follow-up: mean 24 months; assessed as rates of infections resistant to empiric antibiotics)

1 [41] randomized
trials

not
serious

not
serious

not
serious serious d strong

association
26/38
(68.4%)

17/69
(24.6%)

RR 2.78
(1.74 to 4.42)

439 more
per 1.000

(182
more–843

more)

⊕⊕⊕⊕
High

Risk of drug-related adverse events (follow-up: mean 24 months; assessed as rates of drug-related adverse event)

1 [41] randomized
trials

not
serious

not
serious

not
serious serious e none 153/302

(50.7%)
165/305
(54.1%)

RR 0.94
(0.80 to 1.09)

32 fewer
per 1.000

(108
fewer–49

more)

⊕⊕⊕#
Moderate

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for single domains of the
RoB2 tool is presented in Supplementary Tables and Figures. b: complete risk of bias analysis with results for
Newcastle–Ottawa Scale tool is presented in Supplementary Tables and Figures. c: OIS criterion is not met and
95% CI overlaps no effect. d: OIS criterion is not met. e: 95% CI overlaps no effect.

The RIVUR trial was the only one reporting statistically significant results about
this outcome, observing that prophylaxis reduced the risk of recurrences by 50% (HR:
0.50; 95% CI: 0.34 to 0.74), but it strongly affected the pooled results due to its large
population [41]. Pooled results from two observational studies showed no benefits from
CAP in terms of UTI recurrences [43,44] [Table 3]. Six systematic reviews characterized
by high methodological quality confirmed the poor benefits of CAP in children with VUR
of any grade [6,28,30,45–47] [Table S9]. In particular, Finnel et al. observed a significant
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effect of CAP only on asymptomatic bacteriuria [28]. De Bessa et al. reported a significant
reduction in UTI recurrence only after including the results from the RIVUR trial [48].
No clinical studies or meta-analyses found a statistically significant reduction in the risk
of new renal scarring in children with VUR of any grade receiving CAP [22,30,41,42,47]
[Tables S8 and S9]. The RIVUR trial also investigated the risk of antimicrobial resistances
due to CAP, reporting a strong association (RR: 2.78; 95%CI: 1.74–4.42) [41]. The meta-
analysis conducted by Selekman et al. found that the probability of preventing a recurrent
UTI while on prophylaxis is equal to risk of developing an antimicrobial-resistant UTI
(NNT = 21 for both outcomes) [45]. Two Cochrane reviews concluded that CAP may reduce
the risk of repeated symptomatic infections but the benefits are probably small and must
be weighed against the risk of antimicrobial resistances that may be 2.5 times greater in
children on antibiotics than for children on placebo or no treatment [6,47].

Guidelines from SINePe, KHA/CARI, American Academy of Pediatrics (AAP), and
European Association of Urology/European Society for Pediatric Urology (EAU/ESPU)
suggest against the use of CAP in children with low-grade or non-dilating VUR in ab-
sence of anatomical abnormalities of the urinary tract [32,34,38,49] [Table S10]. However,
EAU/ESPU guidelines considered symptomatic toilet-trained children with low-grade
VUR at moderate risk of fUTI. The impact of LUTS and bladder–bowel dysfunction (BBD)
has been highlighted by the other guidelines, suggesting that CAP might be adopted in
this particular group to prevent recurrent fUTI during bladder and bowel re-education.
Only the guideline by the American Urology Association recommends CAP in children
aged less than 1 year with VUR of any grade and a previous UTI [39].

3.4. Should Continuous Antibiotic Prophylaxis Be Used in All Children with High-Grade
VUR (III–V)?

Recommendation 4
Considering the lack of effect of the antibiotic prophylaxis on the risk of renal scarring, continu-

ous antibiotic prophylaxis is not routinely recommended in children with high-grade (III–IV) or
dilating VUR (weak recommendation against the intervention; quality of evidence: moderate).

Close surveillance based on early diagnosis (i.e., urinalysis and urine culture) and prompt
antibiotic therapy in symptomatic/febrile children is recommended in children with VUR of any
grade (weak recommendation; expert opinion).

Pooled results from two randomized clinical trials showed a statistically significant
reduction in UTI recurrences in children with high-grade VUR receiving CAP (pooled RR:
0.49; 95%CI: 0.30–0.81) [20,50,51] [Table 4].

The statistical significance of the results about UTI recurrence is due to data from
the Swedish reflux trial that was characterized by a non-blind design and a serious risk
of imprecision due to limited sample size [50,51]. The effect of CAP on the risk of new
renal scarring was assessed only by the Swedish reflux trial and was found to be not
statistically significant [51]. The meta-analysis conducted by de Bessa et al. confirmed
that children with high-grade VUR receiving prophylaxis present a lower risk of UTI
recurrence (absolute risk reduction was 8.23%; NNT was 12.15; p = 0.008) [48]. The risk of
new antimicrobial resistances and the risk of drug-related adverse events were not analyzed
by included studies.

The guidelines developed by SINePe, EAU/ESPU, and KHA/CARI and the Asian
guideline suggest that CAP may be considered in children with high-grade or dilating
VUR [32,34,38,52] [Table S13]. Moreover, the results of a cohort based on RIVUR and CUTIE
studies proved that a top-down diagnostic approach significantly decreased the need for
CAP without a clinically relevant increase in occurrence of fUTI [38]. This approach is
another option that could reduce the administration of antibiotics in this group of patients.
For this reason, the grade of these recommendations ranged from C to A, and EAU/ESPU
points out the risk of increased antimicrobial resistance associated with CAP [38].
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Table 4. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with high-grade VUR (fourth clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI recurrence (follow-up: mean 18 months; assessed as rates of recurrence)

2 [20,50] randomized
trials

not
serious a

not
serious

not
serious serious b strong

association
19/134
(14.2%)

38/132
(28.8%)

RR 0.49
(0.30 to 0.81)

147 fewer
per 1.000

(202
fewer–55

fewer)

⊕⊕⊕⊕
High

Risk of new renal scars (follow-up: mean 24 months; assessed as rates of new renal scars on DMSA scan)

1 [51] randomized
trials

not
serious

not
serious

not
serious

very
serious c none 4/68

(5.9%)
12/68
(17.6%)

RR 0.47
(0.20 to 1.11)

94 fewer
per 1.000

(141
fewer–19

more)

⊕⊕##
Low

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for single domains of the RoB2
tool is presented in Supplementary Materials. b: OIS criterion is not met. c: OIS criterion is not met and 95% CI
overlaps no effect.

3.5. Should Antibiotic Prophylaxis Be Used in Children with Isolated Hydronephrosis?

Recommendation 5
Continuous antibiotic prophylaxis is not routinely recommended in children with isolated

antenatal or postnatal hydronephrosis or ureteropelvic junction obstruction (weak recommendation
against the intervention; quality of evidence: low).

The results from two observational studies failed to prove a decreased risk of UTI in
children with antenatal isolated hydronephrosis receiving CAP [53,54] [Table 5].

Table 5. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with isolated hydronephrosis (fifth clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI (follow-up: mean 12.5 months; assessed as rates of recurrence)

2 [53,54] observational
studies

not
serious a

serious
b

not
serious serious c none 69/435

(15.9%)
72/464
(15.5%)

RR 1.01
(0.84 to 1.22)

2 more per
1.000

(25 fewer–34
more)

⊕###
Very low

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for Newcastle–Ottawa Scale
tool is presented in Supplementary Materials. b: event rates are significantly different between studies. c: OIS
criterion is not met and 95% CI overlaps no effect.

Certainty of these results was very low due to significant inconsistency and impreci-
sion. Multivariate analysis conducted by Herz et al. showed that only ureteral obstruction
at the ureterovesical junction, ureteral dilation > 11 mm, and high-grade VUR were inde-
pendent risk factors for febrile UTI [54].

A systematic review conducted by EAU/ESPU concluded that it is not possible to
establish whether prophylaxis is superior to no prophylaxis in terms of decreasing UTI



Antibiotics 2023, 12, 1040 11 of 24

incidence. No conclusion could be drawn for the impact of VUR and no VUR and com-
parison of the different degrees of VUR because of a lack of data [55]. On the other hand,
EAU/ESPU guidelines do not recommend routine screening for VUR in every child with
isolated hydronephrosis [38]. Even though VUR is present in 25% of infants with isolated
hydronephrosis, its clinical impact might be questionable. The studies and systematic re-
views analyzed for this clinical question included children with hydronephrosis diagnosed
antenatally or during the first months of life.

3.6. Should Antibiotic Prophylaxis Be Used in Children with Intravesical Obstructions
(i.e., Urethral Valves)?

Recommendation 6
There is no sufficient evidence to define efficacy and safety of continuous antibiotic prophylaxis

in children with infravesical obstructions.
Continuous antibiotic prophylaxis may be considered until surgical correction (weak recom-

mendation for the intervention; expert opinion).
No clinical studies or systematic reviews investigating the role of CAP in children with

urethral valves met the eligibility criteria. Since the urethral obstruction directly influences
the bladder function, the evidence about this rare malformation might be derived from the
management of other bladder dysfunctions. Updated guidelines published by EAU/ESPU
suggest CAP in children with obstructive uropathies at risk of renal damage [38].

3.7. Should Antibiotic Prophylaxis Be Used in Children with Hydroureteronephrosis
(i.e., Primary Obstructive Megaureter)?

Recommendation 7
Continuous antibiotic prophylaxis may be considered in children with hydroureteronephrosis

and ureteral dilation > 7 mm or primary obstructive megaureter (weak recommendation for the
intervention; quality of evidence: low).

Three observational studies conducted on children with primary obstructive megau-
reter showed that the risk of UTI was significantly lower in children receiving CAP (pooled
RR: 0.49; 95% CI 0.35–0.69) [56–58] [Table 6].

Table 6. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with hydroureteronephrosis (seventh clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI (follow-up: mean 33 months; assessed as rates of recurrence)

3 [56–58] observational
studies Serious a not

serious
not

serious
not

serious
strong

association
44/219
(20.1%)

47/115
(40.9%)

RR 0.49
(0.35 to 0.69)

208 fewer
per 1.000

(266
fewer–127

fewer)

⊕⊕##
Low

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for Newcastle–Ottawa Scale
tool is presented in Supplementary Tables and Figures.

The prospective study conducted for the Society of Fetal Urology prenatal hydronephro-
sis registry by Holzman et al. on 237 children reported that ureteral dilation > 7 mm was an
independent risk factor for UTI, even after adjusting for VUR [57]. Gimpel et al. observed
that CAP was particularly effective in the first 6 months of life, where an 83% reduction in
UTI rate was found [56].
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The systematic review and meta-analysis conducted by Rohner et al. concluded that
the use of CAP should be taken into consideration for children with primary megaureter
selected for primary non-surgical treatment. The calculated number NNT to prevent one
single febrile UTI over the course of 1–2 years was 4.3 [59]. No included studies analyzed
the effect of CAP on the risk of renal scarring and antimicrobial resistance.

3.8. Should Antibiotic Prophylaxis Be Used in Children with Neurogenic Bladder?

Recommendation 8
Continuous antibiotic prophylaxis is not routinely recommended in children affected by neuro-

genic bladder (weak recommendation against the intervention; quality of evidence: low).
Proper execution of clean intermittent catheterization and close surveillance, based on early

diagnosis (i.e., urinalysis and urine culture) and prompt antibiotic therapy in symptomatic/febrile
children, may be considered in children with neurogenic bladder (weak recommendation; expert opinion).

Two randomized clinical trials investigated the effect of CAP in terms of UTI recurrence
in children with spina bifida undergoing clean intermittent catheterization. Pooled results
showed a significant increase in UTI recurrences in children receiving CAP (pooled RR:
2.91 95% CI: 1.29–6.53) [Table 7].

Table 7. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children with neurogenic bladder (eighth clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI recurrence (follow-up: mean 11 months; assessed as rates of recurrence)

2 [60,61] randomized
trials serious a serious

b
not

serious serious c strong
association

22/119
(18.5%)

7/110
(6.4%)

RR 2.91
(1.29 to 6.53)

122 more
per 1.000

(18
more–352

more)

⊕⊕##
Low

Risk of UTI recurrence (follow-up: mean 24 months; assessed as rates of recurrence)

1 [62,63] observational
studies

not
serious d

not
serious

not
serious

not
serious none 43/85

(50.6%)
23/36
(63.9%)

RR 0.79
(0.57 to 1.09)

134 fewer
per 1.000

(275
fewer–58

more)

⊕⊕##
Low

Risk of new antimicrobial resistances (follow-up: mean 18 months; assessed as rates of infections resistant to empiric antibiotics)

1 [64] randomized
trials

not
serious a

not
serious Serious e not

serious none 248/343
(72.3%)

197/370
(53.2%)

RR 1.57
(1.31 to 1.89)

303 more
per 1.000

(165
more–474

more)

⊕⊕⊕#
Moderate

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for single domains of the
RoB2 tool is presented in Supplementary Tables and Figures. b: event rates are significantly different between
studies. c: OIS criterion is not met. d: complete risk of bias analysis with results for Newcastle–Ottawa Scale tool
is presented in Supplementary Tables and Figures. e: outcome measured as rate of resistant isolates in positive
urine samples from each group, not as prevalence of resistant UTIs in patients.

This finding was particularly influenced by the clinical trial conducted by Clarke
et al. [60]. On the other hand, Zegers et al. observed that discontinuation of CAP resulted
in higher rates of UTI; however, the trial was characterized by very few events (six UTIs)
and a high risk of bias [61]. An outdated crossover randomized clinical trial reported that
CAP with nitrofurantoin significantly reduced the risk of UTI recurrence in patients with
neurogenic bladder; however, the study enrolled only 15 children [62]. A large observa-
tional study conducted on 121 children with neurogenic bladder showed no significant
differences in terms of UTI recurrence between children receiving or not receiving CAP [63].
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In the randomized clinical trial by Zegers et al., CAP was associated with a significantly
increased risk of antimicrobial resistances (RR: 1.57; 95% CI: 1.31–1.89) [64]. Two systematic
reviews, although characterized by low methodological quality, showed no significant
benefits from CAP in terms of UTI recurrence [29,31] [Table S20]. No studies investigated
the effect of CAP on the risk of new renal scarring in children with neurogenic bladder.

The guideline published by EAU/ESPU considered only intravesical application of
gentamicin but not systemic prophylaxis in patients with incomplete emptying of the
bladder undergoing appropriately performed clean intermittent catheterization, but still
suffering from recurrent UTIs [38].

3.9. Which Antibiotic Should Be Preferred for Long-Term Prophylaxis of UTI in Children?

Recommendation 9
There is insufficient evidence to recommend trimethoprim–sulfamethoxazole rather than nitro-

furantoin as the first-choice prophylactic antibiotic.
There is no evidence on the efficacy and safety of amoxicillin-clavulanic acid as a prophylactic

antibiotic to prevent UTIs.
The prophylactic use of oral cephalosporins is not suggested due to the high risk of new

antimicrobial resistances (weak recommendation against the intervention; quality of evidence: low).
A randomized crossover trial and a large retrospective study failed to prove signifi-

cant differences between the prophylactic use of trimethoprim/sulfamethoxazole or oral
cephalosporins in terms of UTI recurrence [65,66] [Table 8].

Table 8. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children receiving different prophylactic antibiotics (ninth clinical question).
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Risk of UTI recurrence (follow-up: mean 12 months; assessed as rates of recurrence)

1 [65] randomized
trials

not
serious a

not
serious

not
serious Serious b none 10/75

(13.3%)
8/78

(10.3%)
RR 1.30

(0.54 to 3.12)

31 more per
1.000
(47

fewer–217
more)

⊕⊕⊕#
Moderate

Risk of UTI recurrence (follow-up: mean 25 months; assessed as rates of recurrence)

1 [66] observational
studies

not
serious c

not
serious

not
serious

very
serious b none 66/205

(32.2%)
36/144
(25.0%)

RR 1.29
(0.91 to 1.82)

73 more per
1.000
(22

fewer–205
more)

⊕###
Very low

Risk of new antimicrobial resistances (follow-up: mean 25 months; assessed as rates of infections resistant to empiric antibiotics)

1 [66] observational
studies

not
serious c

not
serious

not
serious

very
serious b

very strong
association

4/66
(6.1%)

17/33
(51.5%)

RR 0.12
(0.04 to 0.32)

453 fewer
per 1.000

(495
fewer–350

fewer)

⊕⊕##
Low

CI: confidence interval; HR: hazard ratio; OR: odds ratio; RR: risk ratio. a: complete risk of bias analysis with
results for single domains of the RoB2 tool is presented in Supplementary Materials. b: OIS criterion is not met
and 95% CI overlaps no effect. c: complete risk of bias analysis with results for Newcastle–Ottawa Scale tool is
presented in Supplementary Tables and Figures.

However, the retrospective study indicated that children receiving trimethoprim/sulfa-
methoxazole presented a significantly lower risk of new antimicrobial resistances (RR: 0.12;
95% CI: 0.04–0.32) [66]. The retrospective study conducted by Lloyd et al. showed no
significant superiority of nitrofurantoin or trimethoprim/sulfamethoxazole in terms of UTI
recurrence [67] [Table 9].
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Table 9. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children receiving different prophylactic antibiotics (ninth clinical question).

Certainty Assessment No. of Patients Effect
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Risk of UTI recurrence (assessed as rates of recurrence)

1 [67] observational
studies

not
serious a

serious
b

not
serious serious c none 10/170

(5.9%)
1/13

(7.7%)
RR 0.76

(0.11 to 5.52)

18 fewer
per 1.000

(68
fewer–348

more)

⊕###
Very low

CI: confidence interval; RR: risk ratio. a: complete risk of bias analysis with results for Newcastle–Ottawa Scale
tool is presented in Supplementary Tables and Figures. b: sizes of groups are significantly different. c: OIS criterion
is not met and 95% CI overlaps no effect.

In an updated Cochrane systematic review, it was observed that treatment with
nitrofurantoin may lead to a lower risk of a UTI caused by a pathogen resistant to the
treatment drug compared to treatment with trimethoprim–sulfamethoxazole (RR: 0.54,
95% CI: 0.31 to 0.92). However, patients receiving nitrofurantoin were twice as likely to
experience side effects than patients receiving trimethoprim (RR: 2.18; 95% CI: 1.39–3.41).
This suggests that the side effects of nitrofurantoin (number needed to harm = 3; 95%
CI: 2–6) are similar to the possible benefits (NNT = 5; 95% CI: 3.0–33.0) compared with
trimethoprim [6].

Italian guidelines suggested amoxicillin–clavulanic acid as a first-choice prophylactic
agent, while ceftibuten or nitrofurantoin should be regarded as a secondary option, keeping
in mind that nitrofurantoin may cause gastrointestinal intolerance and is inactive against
most strains of Proteus spp. [32]. These recommendations are based on expert opinions due
to the lack of data about the role of amoxicillin–clavulanic acid [Table S24].

3.10. Should the Prophylactic Antibiotic Be Changed after a Breakthrough UTI in Children already
on Prophylaxis?

Recommendation 10
There is insufficient evidence to recommend changing the prophylactic antibiotic after a

breakthrough UTI in children already on prophylaxis (weak recommendation; quality of evidence:
very low).

A single retrospective study met the eligibility criteria for this clinical question. Shish
et al. evaluated the risk of subsequent infections in children already receiving CAP for
whom the drug was changed after a breakthrough UTI compared with children who
continued the same antibiotic. The study presented a moderate methodological quality
[Table 10]. The relative risk of a second BT-UTI when CAP was changed (versus unchanged)
was 0.86 (p = 0.55), not statistically significant [68].

No recommendations from included guidelines were found for this clinical question.

3.11. Which Dosage Should Be Preferred for Continuous Antibiotic Prophylaxis?

Recommendation 11
There is insufficient evidence to recommend a specific dose for continuous antibiotic prophylaxis.
Doses from one-quarter to one-third of the standard treatment dosage may be appropriate (weak

recommendation; expert opinion).
No clinical studies investigating the dosage of CAP in children met the eligibility

criteria. In a Cochrane systematic review, no conclusions were reported about antibiotic
dosages [6].
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Table 10. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children who continued or changed the antibiotic after a breakthrough infection
(tenth clinical question).
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Risk of new UTI (follow-up: mean 24 months; assessed with rate of new UTI with positive urine culture)
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b

not
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not
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(50.0%)
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(57.9%)

RR 0.82
(0.44 to 1.54)
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per 1.000

(324
fewer–313

more)

⊕###
Very low

CI: confidence interval; HR: hazard ratio; OR: odds ratio; RR: risk ratio. a: complete risk of bias analysis with
results for Newcastle–Ottawa Scale tool is presented in Supplementary Tables and Figures. b: OIS criterion is not
met and 95% CI overlaps no effect.

Guidelines from SINePe suggest one-quarter to one-third of the treatment dose, given
once per day, as appropriate for CAP; however, there is no evidence to recommend a
specific dose [32]. The KHA/CARI guidelines suggest CAP with co-trimoxazole at a dose
of 2 mg of trimethoprim plus 10 mg of sulfamethoxazole per kilogram of body weight
per day. This recommendation is based on the drugs used in PRIVENT and RIVUR trials,
although data comparing different dosages are not available [34].

3.12. Should Antibiotic Prophylaxis Be Continued in Children Undergoing Pyeloplasty?

Recommendation 12
In the absence of other persistent risk factors, antibiotic prophylaxis may be discontinued after

pyeloplasty (weak recommendation against the intervention; quality of evidence: very low).
Pooled results from three observational studies showed no significant benefits from

continuing antibiotic prophylaxis after pyeloplasty in terms of recurrent UTIs (pooled RR:
1.22; 95% CI: 0.74–2.00) [69–71] [Table 11].

Table 11. Pooled results and certainty assessment of randomized clinical trials and observational
studies involving children who underwent pyeloplasty.

Certainty Assessment No. of Patients Effect
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Risk of UTI recurrence (follow-up: mean 2 months; assessed with rate of recurrences with positive urine culture)
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RR 1.22
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1.000
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⊕###
Very low

CI: confidence interval; HR: hazard ratio; OR: odds ratio; RR: risk ratio. a: complete risk of bias analysis with
results for Newcastle–Ottawa Scale tool is presented in Supplementary Tables and Figures. b: OIS criterion is not
met and 95% CI overlaps no effect.

Two of the included studies enrolled more than 800 children undergoing pyeloplasty,
and all of these children had a stent placed after surgery [69,70]. According to Vidovic et al.,
only female gender, diaper use, and positive intraoperative urine culture were significant
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risk factors for stent UTI [69]. An RCT aimed to analyze the effect of CAP in children
with urinary stents after surgery, including pyeloplasty. Even though the sample size was
limited, the trial showed a decreased rate of fUTI in patients with CAP, especially in those
patients suffering from LUTS or previous UTI before surgery [70]. No systematic reviews
or guidelines were included for this clinical question.

3.13. How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing Ablation of
Posterior Urethral Valves?

Recommendation 13
There is insufficient evidence to recommend how long antibiotic prophylaxis should be contin-

ued after ablation of posterior urethral valves.
No clinical studies or systematic reviews were included for this clinical question. No

recommendations from included guidelines concerned this clinical question. The CIRCUP
study resulted in a lower rate of fUTI in the group of children with circumcision and
CAP [38]. Based on these findings, EAU/ESPU guidelines suggest a strict follow-up in
order to treat bladder dysfunction, which is the main risk factor for recurrent fUTI and
long-term renal impairment [38].

3.14. How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing
Ureteral Reimplantation?

Recommendation 14
There is insufficient evidence to recommend how long antibiotic prophylaxis should be contin-

ued after ureteral reimplantation.
No clinical studies or systematic reviews were included for this clinical question. No

recommendations from included guidelines concerned this clinical question. However,
CAP might be considered in patients with urinary stents after ureteral reimplantation.

3.15. How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing Endoscopic
Treatment of VUR?

Recommendation 15
There is insufficient evidence to recommend how long antibiotic prophylaxis should be contin-

ued in children undergoing endoscopic treatment of VUR. According to recommendations 3 and 4,
antibiotic prophylaxis is not recommended in children with VUR of any grade.

No clinical studies or systematic reviews were included for this clinical question. No
recommendations from included guidelines concerned this clinical question.

4. Discussion

This systematic review shows the limited role of CAP in preventing UTI and its
complications in children. To develop comprehensive recommendations, the efficacy and
safety of CAP have been evaluated not just by the risk of UTI recurrence but also in terms
of new renal scarring, new antimicrobial resistances, and drug-related adverse events.

Evidence-based benefits of CAP are limited to children with significant obstructive
uropathies. Nonetheless, obstructive uropathies are extremely heterogeneous, and every
different malformation presents a different risk of infection. Short-term prophylaxis may
be considered also in children with a history of recurrent UTIs until the exclusion of
urological anomalies.

As previously observed by Williams et al., CAP may reduce the recurrence of symp-
tomatic infections in children with VUR, but the benefits are probably small and must be
weighed against the likelihood of antimicrobial resistances and the lack of effect on the risk
of renal scarring [6]. These findings seem to also be confirmed in children with high-grade
(III–V) or dilating VUR. The risk of renal scarring and the possible loss of renal function led
to the common use of CAP in children with VUR. To prevent the long-term complications
of renal scarring, some guidelines supported the role of CAP, particularly in children with
high-grade VUR. However, available evidence shows that CAP is not effective in prevent-
ing new renal scars, as reported by RiVUR and Swedish reflux trials [42,52]. The results
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of the RiVUR trial were further analyzed to examine the relationship between VUR and
renal scarring. In a post hoc analysis by Shaikh et al., the risk of renal scarring increased
substantially with a second febrile UTI [72].

Some authors suggested that reducing the risk of UTI recurrence may affect the risk
of renal scarring, although there is still no direct evidence [73]. Bandari et al. showed
that the high grades of antenatal hydroureteronephrosis, febrile UTI, younger age, and E.
coli UTI were more associated with recurrent attacks of UTI and renal scarring [74]. Our
results show that CAP significantly increases the risk of breakthrough infections caused by
resistant uropathogens leading to the ineffectiveness of empiric antibiotics and increased
risk of acute and chronic complications, including renal scarring. Weighing the limited
benefits against the proved risks, we suggest limiting the use of CAP in children with VUR.
Close surveillance aimed at early diagnosis of UTIs and prompt antibiotic treatment seems
to be a reasonable approach for reducing the risk of renal scarring and avoiding the misuse
of antibiotics and consequent risks of antimicrobial resistances.

Finally, since several factors account for the occurrence of UTI in patients affected by
VUR, EAU/ESPU guidelines suggested a risk assessment in order to guide the caregivers in
the clinical management and to avoid overtreatment consisting of unnecessarily prolonged
administration of antibiotics and surgical procedures. A greater benefit resulted from
the use of CAP in children with significant obstructive uropathies, particularly primary
obstructive megaureter. In these children, short-term prophylaxis is suggested by several
guidelines until surgical correction is performed. Nevertheless, it is relevant to emphasize
there is a lack of evidence about the prolongation of CAP after ureteral reimplantation and
endoscopic procedures and for patients with urinary stents after surgery. These aspects are
considered a hot topic by most pediatric urologists and scientific societies. A systematic
review dealing with the need for CAP after pediatric stented pyeloplasty has been registered
on PROSPERO (https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD420
22371212, accessed on 30 May 2023).

Since the current evidence might limit the impact of CAP, non-pharmacological strate-
gies should be taken into account for the prevention of UTI recurrency in children affected
by congenital uropathies and VUR. First, BBD worsens the risk of UTI in this category of
children. A correct micturition pattern to restore bladder function together with regular
bowel function should be a primary goal for clinicians and caregivers. This aspect is
crucial. BBD might play a significant role in the pathogenesis of recurrent UTIs and could
undermine the outcomes of the operative treatment. Second, even though prophylactic
circumcision might raise controversies and ethical concerns, it is relevant to highlight
that circumcision significantly decreased the risk of UTI in children affected by posterior
urethral valves.

The effects of CAP in children with neurogenic bladder are controversial. Avail-
able studies mainly concern patients with spina bifida undergoing clean intermittent
catheterization. In this population, the correct management of catheterization seems more
effective than CAP in preventing UTIs. Moreover, the risk of infections caused by resistant
uropathogens is substantial for these patients and may further limit the effectiveness of
available antibiotics.

There is insufficient evidence to recommend specific drugs and dosages as first-choice
prophylactic regimens. Available studies compared only trimethoprim–sulfamethoxazole,
nitrofurantoin, and oral cephalosporins, showing an increased risk of antimicrobial resis-
tances using the latter without a clear superiority between the other drugs. Amoxicillin–
clavulanic acid has been suggested only by the Italian guidelines, without strong supporting
evidence. This recommendation was probably based on the effectiveness of this drug as an
empiric antibiotic to treat UTIs; however, its use may increase the emergence of resistant
uropathogens [75].

The main limitations of this systematic review are the lack of a meta-analysis and the
unavailability of evidence for some outcomes of the proposed clinical questions. Therefore,
some recommendations are still based on expert opinions. Moreover, patient values and

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022371212
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022371212
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preferences were assessed only by a few of the included studies. Most of the included clinical
trials presented a low risk of bias; however, certainty of results was often downgraded due to
imprecision. The main reason was the limited size of study populations, particularly when
considering outcomes different from UTI recurrence. In addition, this article is focused on
high-income countries [7–9]. Few studies have been conducted in low-income countries, and
it is possible that the findings could be different in some of these countries.

5. Conclusions

Our systematic review shows that CAP plays a limited role in preventing recurrences
of UTI in children and has no effect on its complications. On the other hand, the emergence
of new antimicrobial resistances is a proven risk, and antimicrobial stewardship is one of
the measures that has shown the highest efficacy in reducing antibiotic abuse and misuse in
order to fight this public health emergency [76]. The benefits from CAP seem to overcome
the risks only in children with significant obstructive uropathies, and only until the surgical
correction. Moreover, correct bladder and bowel training should be emphasized in children
affected by VUR and other congenital uropathies. Our study provides evidence-based
recommendations to guide clinicians on the correct use of CAP for the prevention of
UTI and its complications in children (Table 12). The misuse of antibiotics is a leading
cause of the spread of resistant uropathogens in community-acquired pediatric UTIs; thus,
prescriptions should be limited to contexts of proven efficacy and safety.

Table 12. Summary of recommendations with strength of recommendations and quality of evi-
dence. According to the Grading of Recommendations, Assessment, Development, and Evaluations
(GRADE) methodology.

Clinical Questions Recommendations Strength and Quality

Should continuous antibiotic prophylaxis
be used in all children with a previous
UTI?

Continuous antibiotic prophylaxis is not
routinely indicated in all children after the
first episode of UTI.

Strong recommendation against the
intervention.
Evidence quality: B

Should continuous antibiotic prophylaxis
be used in all children with a history of
recurrent UTIs?

A history of recurrent UTIs without
underlying urological anomalies does not
constitute a sufficient indication for
continuous antibiotic prophylaxis.

Weak recommendation against the
intervention.
Evidence quality: C

Short-term prophylaxis may be considered
until the exclusion of urological anomalies.

Weak recommendation for the
intervention.
Expert opinion

Should continuous antibiotic prophylaxis
be used in all children with VUR of any
grade?

Continuous antibiotic prophylaxis is not
recommended for children with low-grade
(I–II) or non-dilating VUR.

Strong recommendation against the
intervention.
Evidence quality: B

Close surveillance based on early diagnosis
(i.e., urinalysis and urine culture) and prompt
antibiotic therapy in symptomatic/febrile
children may be considered in children with
VUR of any grade.

Weak recommendation.
Expert opinion

Should continuous antibiotic prophylaxis
be used in all children with high-grade
VUR (III–V)?

Considering the lack of effect of antibiotic
prophylaxis on the risk of renal scarring,
continuous antibiotic prophylaxis is not
routinely recommended in children with
high-grade (III–IV) or dilating VUR.

Weak recommendation against the
intervention.
Evidence quality: B

Close surveillance based on early diagnosis
(i.e., urinalysis and urine culture) and prompt
antibiotic therapy in symptomatic/febrile
children is recommended in children with
VUR of any grade.

Weak recommendation.
Expert opinion
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Table 12. Cont.

Clinical Questions Recommendations Strength and Quality

Should antibiotic prophylaxis be used in
children with isolated hydronephrosis?

Continuous antibiotic prophylaxis is not
routinely recommended in children with
isolated antenatal or postnatal
hydronephrosis or ureteropelvic junction
obstruction.

Weak recommendation against the
intervention.
Evidence quality: C

Should antibiotic prophylaxis be used in
children with infravesical obstructions
(i.e., urethral valves)?

There is no sufficient evidence to define the
efficacy and safety of continuous antibiotic
prophylaxis in children with infravesical
obstructions.
Continuous antibiotic prophylaxis may be
considered until surgical correction.

Weak recommendation for the
intervention.
Expert opinion

Should antibiotic prophylaxis be used in
children with hydroureteronephrosis (i.e.,
primary obstructive megaureter)?

Continuous antibiotic prophylaxis may be
considered in children with
hydroureteronephrosis and ureteral dilation
> 7 mm or primary obstructive megaureter.

Weak recommendation for the
intervention.
Evidence quality: C

Should antibiotic prophylaxis be used in
children with neurogenic bladder?

Continuous antibiotic prophylaxis is not
routinely recommended in children affected
by neurogenic bladder.

Weak recommendation against the
intervention.
Evidence quality: C

Proper execution of clean intermittent
catheterization and close surveillance, based
on early diagnosis (i.e., urinalysis and urine
culture) and prompt antibiotic therapy in
symptomatic/febrile children, may be
considered in children with neurogenic
bladder.

Weak recommendation.
Expert opinion

Which antibiotic should be preferred for
long-term prophylaxis of UTI in children?

There is insufficient evidence to recommend
trimethoprim–sulfamethoxazole rather than
nitrofurantoin as the first-choice prophylactic
antibiotic.
There is no evidence on the efficacy and
safety of amoxicillin–clavulanic acid as a
prophylactic antibiotic to prevent UTIs.
The prophylactic use of oral cephalosporins
is not suggested due to the high risk of new
antimicrobial resistances

Weak recommendation against the
intervention.
Evidence quality: C

Should the prophylactic antibiotic be
changed after a breakthrough UTI in
children already on prophylaxis?

There is insufficient evidence to recommend
changing the prophylactic antibiotic after a
breakthrough UTI in children already on
prophylaxis.

Weak recommendation.
Evidence quality: D

Which dosage should be preferred for
continuous antibiotic prophylaxis?

There is insufficient evidence to recommend
a specific dose for continuous antibiotic
prophylaxis.
Doses from one-quarter to one-third of the
standard treatment dosage may be
appropriate

Weak recommendation.
Expert opinion

Should antibiotic prophylaxis be
continued in children undergoing
pyeloplasty?

In the absence of other persistent risk factors,
antibiotic prophylaxis may be discontinued
after pyeloplasty.

Weak recommendation against the
intervention.
Evidence quality: C

How long should antibiotic prophylaxis
be continued in children undergoing
ablation of posterior urethral valves?

There is insufficient evidence to recommend
how long antibiotic prophylaxis should be
continued after ablation of posterior urethral
valves.
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Table 12. Cont.

Clinical Questions Recommendations Strength and Quality

How long should antibiotic prophylaxis
be continued in children undergoing
ureteral reimplantation?

There is insufficient evidence to recommend
how long antibiotic prophylaxis should be
continued after ureteral reimplantation.

How long should antibiotic prophylaxis
be continued in children undergoing
endoscopic treatment of VUR?

There is insufficient evidence to recommend
how long antibiotic prophylaxis should be
continued in children undergoing endoscopic
treatment of VUR.
According to recommendations 3 and 4,
antibiotic prophylaxis is not routinely
recommended in children with VUR of any
grade.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antibiotics12061040/s1, Supplementary Material S1: Clinical
questions and PICO items.
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12. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [CrossRef] [PubMed]

13. Wells, G.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomised Studies in Meta-Analyses. 2013. Available online: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp (accessed on 30 May 2023).

14. McGuinness, L.A.; Higgins, J.P.T. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res. Synth. Methods 2020, 12, 55–61. [CrossRef]

15. Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al.
AMSTAR 2: A critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare
interventions, or both. BMJ 2017, 358, j4008. [CrossRef] [PubMed]

16. Brouwers, M.C.; Kho, M.E.; Browman, G.P.; Burgers, J.; Cluzeau, F.; Feder, G.; Fervers, B.; Graham, I.D.; Hanna, S.E.; Makarski, J.;
et al. Development of the AGREE II, part 1: Performance, usefulness and areas for improvement. Can. Med. Assoc. J. 2010, 182,
1045–1052. [CrossRef] [PubMed]

17. Brouwers, M.C.; Kho, M.E.; Browman, G.P.; Burgers, J.; Cluzeau, F.; Feder, G.; Fervers, B.; Graham, I.D.; Hanna, S.E.; Makarski, J.;
et al. Development of the AGREE II, part 2: Assessment of validity of items and tools to support application. Can. Med. Assoc. J.
2010, 182, E472–E478. [CrossRef]

18. GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. McMaster University and Evidence Prime. 2022. Available
online: gradepro.org (accessed on 30 May 2023).

19. Guyatt, G.H.; Oxman, A.D.; Kunz, R.; Brozek, J.; Alonso-Coello, P.; Rind, D.; Devereaux, P.J.; Montori, V.M.; Freyschuss, B.; Vist,
G.; et al. GRADE guidelines 6. Rating the quality of evidence–imprecision. J. Clin. Epidemiol. 2011, 64, 1283–1293. [CrossRef]

20. Craig, J.C.; Simpson, J.M.; Williams, G.J.; Lowe, A.; Reynolds, G.J.; McTaggart, S.J.; Hodson, E.M.; Carapetis, J.R.; Cranswick, N.E.;
Smith, G.; et al. Prevention of Recurrent Urinary Tract Infection in Children with Vesicoureteric Reflux and Normal Renal Tracts
(PRIVENT) Investigators. Antibiotic prophylaxis and recurrent urinary tract infection in children. N. Engl. J. Med. 2009, 361,
1748–1759. [CrossRef]

21. Montini, G.; Rigon, L.; Zucchetta, P.; Fregonese, F.; Toffolo, A.; Gobber, D.; Cecchin, D.; Pavanello, L.; Molinari, P.P.; Maschio, F.;
et al. Prophylaxis after first febrile urinary tract infection in children? A multicenter, randomized, controlled, noninferiority trial.
Pediatrics 2008, 122, 1064–1071. [CrossRef]

22. Garin, E.H.; Olavarria, F.; Garcia Nieto, V.; Valenciano, B.; Campos, A.; Young, L. Clinical significance of primary vesicoureteral
reflux and urinary antibiotic prophylaxis after acute pyelonephritis: A multicenter, randomized, controlled study. Pediatrics 2006,
117, 626–632. [CrossRef]

https://doi.org/10.1007/s00467-010-1625-8
https://doi.org/10.1097/01.ju.0000152092.03931.9a
https://www.ncbi.nlm.nih.gov/pubmed/15711347
https://doi.org/10.1056/NEJMra1007755
https://www.ncbi.nlm.nih.gov/pubmed/21774712
https://doi.org/10.1542/peds.2010-0685
https://www.ncbi.nlm.nih.gov/pubmed/21059720
https://doi.org/10.1542/peds.2007-2894
https://www.ncbi.nlm.nih.gov/pubmed/18762516
https://doi.org/10.1002/14651858.CD001534.pub4
https://www.ncbi.nlm.nih.gov/pubmed/30932167
https://doi.org/10.1007/s00431-014-2459-3
https://doi.org/10.1542/peds.2019-1608
https://doi.org/10.3390/antibiotics10101207
https://doi.org/10.3390/antibiotics11081122
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1136/bmj.j4008
https://www.ncbi.nlm.nih.gov/pubmed/28935701
https://doi.org/10.1503/cmaj.091714
https://www.ncbi.nlm.nih.gov/pubmed/20513780
https://doi.org/10.1503/cmaj.091716
gradepro.org
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1056/NEJMoa0902295
https://doi.org/10.1542/peds.2007-3770
https://doi.org/10.1542/peds.2005-1362


Antibiotics 2023, 12, 1040 22 of 24

23. Conway, P.H.; Cnaan, A.; Zaoutis, T.; Henry, B.V.; Grundmeier, R.W.; Keren, R. Recurrent urinary tract infections in children: Risk
factors and association with prophylactic antimicrobials. JAMA 2007, 298, 179–186. [CrossRef] [PubMed]

24. Bitsori, M.; Maraki, S.; Galanakis, E. Long-term resistance trends of uropathogens and association with antimicrobial prophylaxis.
Pediatr. Nephrol. 2014, 29, 1053–1058. [CrossRef] [PubMed]

25. Mathew, J.L. Antibiotic prophylaxis following urinary tract infection in children: A systematic review of randomized controlled
trials. Indian Pediatr. 2010, 47, 599–605. [CrossRef] [PubMed]

26. Mori, R.; Fitzgerald, A.; Williams, C.; Tullus, K.; Verrier-Jones, K.; Lakhanpaul, M. Antibiotic prophylaxis for children at risk of
developing urinary tract infection: A systematic review. Acta Paediatr. 2009, 98, 1781–1786. [CrossRef]

27. Dai, B.; Liu, Y.; Jia, J.; Mei, C. Long-term antibiotics for the prevention of recurrent urinary tract infection in children: A systematic
review and meta-analysis. Arch. Dis. Child. 2010, 95, 499–508. [CrossRef]

28. Finnell, S.M.; Carroll, A.E.; Downs, S.M. Subcommittee on Urinary Tract Infection. Technical report—Diagnosis and management
of an initial UTI in febrile infants and young children. Pediatrics 2011, 128, e749–e770. [CrossRef]

29. Larcombe, J. Urinary tract infection in children: Recurrent infections. BMJ Clin. Evid. 2015, 2015, 0306.
30. Hewitt, I.K.; Pennesi, M.; Morello, W.; Ronfani, L.; Montini, G. Antibiotic Prophylaxis for Urinary Tract Infection-Related Renal

Scarring: A Systematic Review. Pediatrics 2017, 139, e20163145. [CrossRef]
31. Le Saux, N.; Pham, B.; Moher, D. Evaluating the benefits of antimicrobial prophylaxis to prevent urinary tract infections in

children: A systematic review. Can. Med Assoc. J. 2000, 163, 523–529.
32. Ammenti, A.; Alberici, I.; Brugnara, M.; Chimenz, R.; Guarino, S.; La Manna, A.; La Scola, C.; Maringhini, S.; Marra, G.; Materassi,

M.; et al. Italian Society of Pediatric Nephrology. Updated Italian recommendations for the diagnosis, treatment and follow-up of
the first febrile urinary tract infection in young children. Acta Paediatr. 2020, 109, 236–247. [CrossRef]

33. Buettcher, M.; Trueck, J.; Niederer-Loher, A.; Heininger, U.; Agyeman, P.; Asner, S.; Berger, C.; Bielicki, J.; Kahlert, C.; Kottanattu,
L.; et al. Swiss consensus recommendations on urinary tract infections in children. Eur. J. Pediatr. 2021, 180, 663–674. [CrossRef]
[PubMed]

34. McTaggart, S.; Danchin, M.; Ditchfield, M.; Hewitt, I.; Kausman, J.; Kennedy, S.; Trnka, P.; Williams, G. Kidney Health Australia—
Caring for Australasians with Renal Impairment. KHA-CARI guideline: Diagnosis and treatment of urinary tract infection in
children. Nephrology 2015, 20, 55–60. [CrossRef] [PubMed]

35. Nomura, T.; Hisata, K.; Toyama, Y.; Sakaguchi, K.; Igarashi, N.; Nakao, A.; Matsunaga, N.; Komatsu, M.; Obinata, K.; Shimizu, T.
Antimicrobial Resistance of Breakthrough-Urinary Tract Infections in Children under Antimicrobial Prophylaxis. Hiroshima J.
Med. Sci. 2018, 66, 39–44. [CrossRef]

36. Alsubaie, S.S.; Barry, M.A. Current status of long-term antibiotic prophylaxis for urinary tract infections in children: An antibiotic
stewardship challenge. Kidney Res. Clin. Pract. 2019, 38, 441–454. [CrossRef] [PubMed]

37. National Institute for Health and Clinical Excellence (NICE). Clinical Guideline. Urinary Tract Infection (Recurrent): Antimicrobial
Prescribing. October 2018. Available online: https://www.nice.org.uk/guidance/ng112 (accessed on 1 November 2022).

38. ‘t Hoen, L.A.; Bogaert, G.; Radmayr, C.; Dogan, H.S.; Nijman, R.J.M.; Quaedackers, J.; Rawashdeh, Y.F.; Silay, M.S.; Tekgul, S.;
Bhatt, N.R.; et al. Update of the EAU/ESPU guidelines on urinary tract infections in children. J. Pediatr. Urol. 2021, 17, 200–207.
[CrossRef] [PubMed]

39. American Urology Association (AUA). Management and Screening of Primary Vesicoureteral Reflux in Children. Published: 2010.
Amended: 2017. Available online: https://www.auanet.org/guidelines-and-quality/guidelines/vesicoureteral-reflux-guideline
(accessed on 1 November 2022).

40. Roussey-Kesler, G.; Gadjos, V.; Idres, N.; Horen, B.; Ichay, L.; Leclair, M.D.; Raymond, F.; Grellier, A.; Hazart, I.; de Parscau, L.;
et al. Antibiotic prophylaxis for the prevention of recurrent urinary tract infection in children with low grade vesicoureteral
reflux: Results from a prospective randomized study. J. Urol. 2008, 179, 674–679, discussion 679. [CrossRef] [PubMed]

41. RIVUR Trial Investigators; Hoberman, A.; Greenfield, S.P.; Mattoo, T.K.; Keren, R.; Mathews, R.; Pohl, H.G.; Kropp, B.P.; Skoog,
S.J.; Nelson, C.P.; et al. Antimicrobial prophylaxis for children with vesicoureteral reflux. N. Engl. J. Med. 2014, 370, 2367–2376.
[CrossRef]

42. Pennesi, M.; Travan, L.; Peratoner, L.; Bordugo, A.; Cattaneo, A.; Ronfani, L.; Minisini, S.; Ventura, A. North East Italy Prophylaxis
in VUR study group. Is antibiotic prophylaxis in children with vesicoureteral reflux effective in preventing pyelonephritis and
renal scars? A randomized, controlled trial. Pediatrics 2008, 121, e1489–e1494. [CrossRef]

43. Drzewiecki, B.A.; Thomas, J.C.; Pope, J.C., 4th; Adams, M.C.; Brock, J.W., 3rd; Tanaka, S.T. Observation of patients with
vesicoureteral reflux off antibiotic prophylaxis: Physician bias on patient selection and risk factors for recurrent febrile urinary
tract infection. J. Urol. 2012, 188, 1480–1484. [CrossRef]

44. Nakamura, M.; Moriya, K.; Kon, M.; Nishimura, Y.; Chiba, H.; Kitta, T.; Shinohara, N. Girls and renal scarring as risk factors for
febrile urinary tract infection after stopping antibiotic prophylaxis in children with vesicoureteral reflux. World J. Urol. 2021, 39,
2587–2595. [CrossRef]

45. Selekman, R.E.; Shapiro, D.J.; Boscardin, J.; Williams, G.; Craig, J.C.; Brandström, P.; Pennesi, M.; Roussey-Kesler, G.; Hari, P.;
Copp, H.L. Uropathogen Resistance and Antibiotic Prophylaxis: A Meta-analysis. Pediatrics 2018, 142, e20180119. [CrossRef]
[PubMed]

https://doi.org/10.1001/jama.298.2.179
https://www.ncbi.nlm.nih.gov/pubmed/17622599
https://doi.org/10.1007/s00467-013-2719-x
https://www.ncbi.nlm.nih.gov/pubmed/24362645
https://doi.org/10.1007/s13312-010-0127-x
https://www.ncbi.nlm.nih.gov/pubmed/20683113
https://doi.org/10.1111/j.1651-2227.2009.01433.x
https://doi.org/10.1136/adc.2009.173112
https://doi.org/10.1542/peds.2011-1332
https://doi.org/10.1542/peds.2016-3145
https://doi.org/10.1111/apa.14988
https://doi.org/10.1007/s00431-020-03714-4
https://www.ncbi.nlm.nih.gov/pubmed/32621135
https://doi.org/10.1111/nep.12349
https://www.ncbi.nlm.nih.gov/pubmed/25307259
https://doi.org/10.24811/hjms.66.2_39
https://doi.org/10.23876/j.krcp.19.091
https://www.ncbi.nlm.nih.gov/pubmed/31739385
https://www.nice.org.uk/guidance/ng112
https://doi.org/10.1016/j.jpurol.2021.01.037
https://www.ncbi.nlm.nih.gov/pubmed/33589366
https://www.auanet.org/guidelines-and-quality/guidelines/vesicoureteral-reflux-guideline
https://doi.org/10.1016/j.juro.2007.09.090
https://www.ncbi.nlm.nih.gov/pubmed/18082208
https://doi.org/10.1056/NEJMoa1401811
https://doi.org/10.1542/peds.2007-2652
https://doi.org/10.1016/j.juro.2012.02.033
https://doi.org/10.1007/s00345-020-03524-1
https://doi.org/10.1542/peds.2018-0119
https://www.ncbi.nlm.nih.gov/pubmed/29954832


Antibiotics 2023, 12, 1040 23 of 24

46. Wang, H.H.; Gbadegesin, R.A.; Foreman, J.W.; Nagaraj, S.K.; Wigfall, D.R.; Wiener, J.S.; Routh, J.C. Efficacy of antibiotic
prophylaxis in children with vesicoureteral reflux: Systematic review and meta-analysis. J. Urol. 2015, 193, 963–969. [CrossRef]
[PubMed]

47. Williams, G.; Hodson, E.M.; Craig, J.C. Interventions for primary vesicoureteric reflux. Cochrane Database Syst. Rev. 2019, 2,
CD001532. [CrossRef] [PubMed]

48. de Bessa, J., Jr.; de Carvalho Mrad, F.C.; Mendes, E.F.; Bessa, M.C.; Paschoalin, V.P.; Tiraboschi, R.B.; Sammour, Z.M.; Gomes,
C.M.; Braga, L.H.; Bastos Netto, J.M. Antibiotic prophylaxis for prevention of febrile urinary tract infections in children with
vesicoureteral reflux: A meta-analysis of randomized, controlled trials comparing dilated to nondilated vesicoureteral reflux. J.
Urol. 2015, 193, 1772–1777. [CrossRef]

49. Subcommittee on Urinary Tract Infection, Steering Committee on Quality Improvement and Management; Roberts, K.B. Urinary
tract infection: Clinical practice guideline for the diagnosis and management of the initial UTI in febrile infants and children 2 to
24 months. Pediatrics 2011, 128, 595–610. [CrossRef]

50. Brandström, P.; Esbjörner, E.; Herthelius, M.; Swerkersson, S.; Jodal, U.; Hansson, S. The Swedish reflux trial in children: III.
Urinary tract infection pattern. J. Urol. 2010, 184, 286–291. [CrossRef]

51. Brandström, P.; Nevéus, T.; Sixt, R.; Stokland, E.; Jodal, U.; Hansson, S. The Swedish reflux trial in children: IV. Renal damage. J.
Urol. 2010, 184, 292–297. [CrossRef]

52. Yang, S.S.; Tsai, J.D.; Kanematsu, A.; Han, C.H. Asian guidelines for urinary tract infection in children. J. Infect. Chemother. 2021,
27, 1543–1554. [CrossRef]

53. Varda, B.K.; Finkelstein, J.B.; Wang, H.H.; Logvinenko, T.; Nelson, C.P. The association between continuous antibiotic prophylaxis
and UTI from birth until initial postnatal imaging evaluation among newborns with antenatal hydronephrosis. J. Pediatr. Urol.
2018, 14, 539-e1–539-e6. [CrossRef]

54. Herz, D.; Merguerian, P.; McQuiston, L. Continuous antibiotic prophylaxis reduces the risk of febrile UTI in children with
asymptomatic antenatal hydronephrosis with either ureteral dilation, high-grade vesicoureteral reflux, or ureterovesical junction
obstruction. J. Pediatr. Urol. 2014, 10, 650–654. [CrossRef]

55. Silay, M.S.; Undre, S.; Nambiar, A.K.; Dogan, H.S.; Kocvara, R.; Nijman, R.J.M.; Stein, R.; Tekgul, S.; Radmayr, C. Role of antibiotic
prophylaxis in antenatal hydronephrosis: A systematic review from the European Association of Urology/European Society for
Paediatric Urology Guidelines Panel. J. Pediatr. Urol. 2017, 13, 306–315. [CrossRef] [PubMed]

56. Gimpel, C.; Masioniene, L.; Djakovic, N.; Schenk, J.P.; Haberkorn, U.; Tönshoff, B.; Schaefer, F. Complications and long-term
outcome of primary obstructive megaureter in childhood. Pediatr. Nephrol. 2010, 25, 1679–1686. [CrossRef] [PubMed]

57. Holzman, S.A.; Braga, L.H.; Zee, R.S.; Herndon, C.D.A.; Davis-Dao, C.A.; Kern, N.G.; Chamberlin, J.D.; McGrath, M.; Chuang,
K.-W.; Stephany, H.A.; et al. Risk of urinary tract infection in patients with hydroureter: An analysis from the Society of Fetal
Urology Prenatal Hydronephrosis Registry. J. Pediatr. Urol. 2021, 17, 775–781. [CrossRef] [PubMed]

58. Braga, L.H.; D’Cruz, J.; Rickard, M.; Jegatheeswaran, K.; Lorenzo, A.J. The Fate of Primary Nonrefluxing Megaureter: A
Prospective Outcome Analysis of the Rate of Urinary Tract Infections, Surgical Indications and Time to Resolution. J. Urol. 2016,
195 Pt 2, 1300–1305. [CrossRef] [PubMed]

59. Rohner, K.; Mazzi, S.; Buder, K.; Weitz, M. Febrile Urinary Tract Infections in Children with Primary Non-Refluxing Megaureter:
A Systematic Review and Meta-Analysis. Klin. Padiatr. 2022, 234, 5–13. [CrossRef]

60. Clarke, S.A.; Samuel, M.; Boddy, S.A. Are prophylactic antibiotics necessary with clean intermittent catheterization? A randomized
controlled trial. J. Pediatr. Surg. 2005, 40, 568–571. [CrossRef]

61. Zegers, B.; Uiterwaal, C.; Kimpen, J.; van Gool, J.; de Jong, T.; Winkler-Seinstra, P.; Houterman, S.; Verpoorten, C.; de Jong-de Vos
van Steenwijk, C. Antibiotic prophylaxis for urinary tract infections in children with spina bifida on intermittent catheterization.
J. Urol. 2011, 186, 2365–2370. [CrossRef]

62. Schlager, T.A.; Anderson, S.; Trudell, J.; Hendley, J.O. Nitrofurantoin prophylaxis for bacteriuria and urinary tract infection in
children with neurogenic bladder on intermittent catheterization. J. Pediatr. 1998, 132, 704–708. [CrossRef]

63. Mariani, F.; Ausili, E.; Zona, M.; Grotti, G.; Curatola, A.; Gatto, A.; Rendeli, C. The impact of constant antibiotic prophylaxis
in children affected by spinal dysraphism performing clean intermittent catheterization: A 2-year monocentric retrospective
analysis. Childs Nerv. Syst. 2022, 38, 605–610. [CrossRef]

64. Zegers, S.H.; Dieleman, J.; van der Bruggen, T.; Kimpen, J.; de Jong-de Vos van Steenwijk, C. The influence of antibiotic prophylaxis
on bacterial resistance in urinary tract infections in children with spina bifida. BMC Infect. Dis. 2017, 17, 63. [CrossRef]

65. Antachopoulos, C.; Ioannidou, M.; Tratselas, A.; Iosifidis, E.; Katragkou, A.; Kadiltzoglou, P.; Kollios, K.; Roilides, E. Comparison
of cotrimoxazole vs. second-generation cephalosporins for prevention of urinary tract infections in children. Pediatr. Nephrol.
2016, 31, 2271–2276. [CrossRef] [PubMed]

66. Cheng, C.H.; Tsai, M.H.; Huang, Y.C.; Su, L.H.; Tsau, Y.K.; Lin, C.J.; Chiu, C.H.; Lin, T.Y. Antibiotic resistance patterns of
community-acquired urinary tract infections in children with vesicoureteral reflux receiving prophylactic antibiotic therapy.
Pediatrics 2008, 122, 1212–1217. [CrossRef]

67. Lloyd, J.C.; Hornik, C.P.; Benjamin, D.K.; Clark, R.H.; Routh, J.C.; Smith, P.B. Incidence of Breakthrough Urinary Tract Infection in
Hospitalized Infants Receiving Antibiotic Prophylaxis. Clin. Pediatr. 2017, 56, 65–70. [CrossRef] [PubMed]

68. Shish, L.; Kieran, K. Optimal management of continuous antibiotic prophylaxis after initial breakthrough uti in children with
vesicoureteral reflux. J. Urol. 2021, 206, e460–e461. [CrossRef]

https://doi.org/10.1016/j.juro.2014.08.112
https://www.ncbi.nlm.nih.gov/pubmed/25196653
https://doi.org/10.1002/14651858.CD001532.pub5
https://www.ncbi.nlm.nih.gov/pubmed/30784039
https://doi.org/10.1016/j.juro.2014.10.092
https://doi.org/10.1542/peds.2011-1330
https://doi.org/10.1016/j.juro.2010.01.061
https://doi.org/10.1016/j.juro.2010.01.060
https://doi.org/10.1016/j.jiac.2021.07.014
https://doi.org/10.1016/j.jpurol.2018.04.022
https://doi.org/10.1016/j.jpurol.2014.06.009
https://doi.org/10.1016/j.jpurol.2017.02.023
https://www.ncbi.nlm.nih.gov/pubmed/28462806
https://doi.org/10.1007/s00467-010-1523-0
https://www.ncbi.nlm.nih.gov/pubmed/20424865
https://doi.org/10.1016/j.jpurol.2021.09.001
https://www.ncbi.nlm.nih.gov/pubmed/34556410
https://doi.org/10.1016/j.juro.2015.11.049
https://www.ncbi.nlm.nih.gov/pubmed/26926548
https://doi.org/10.1055/a-1303-4695
https://doi.org/10.1016/j.jpedsurg.2004.11.027
https://doi.org/10.1016/j.juro.2011.07.108
https://doi.org/10.1016/S0022-3476(98)70364-6
https://doi.org/10.1007/s00381-021-05337-y
https://doi.org/10.1186/s12879-016-2166-y
https://doi.org/10.1007/s00467-016-3476-4
https://www.ncbi.nlm.nih.gov/pubmed/27525699
https://doi.org/10.1542/peds.2007-2926
https://doi.org/10.1177/0009922816638664
https://www.ncbi.nlm.nih.gov/pubmed/27006413
https://doi.org/10.1097/JU.0000000000002022.18


Antibiotics 2023, 12, 1040 24 of 24

69. Vidovic, S.; Hayes, T.; Fowke, J.; Cline, J.K.; Cannon, G.M.; Colaco, M.A.; Swords, K.A.; Cornwell, L.B.; Villanueva, C.; Corbett,
S.T.; et al. Pyeloplasty with ureteral stent placement in children: Do prophylactic antibiotics serve a purpose? J. Pediatr. Urol.
2022, 18, 804–811. [CrossRef]

70. Ferroni, M.C.; Lyon, T.D.; Rycyna, K.J.; Dwyer, M.E.; Schneck, F.X.; Ost, M.C.; Cannon, G.M.; Stephany, H.A. The Role of
Prophylactic Antibiotics after Minimally Invasive Pyeloplasty with Ureteral Stent Placement in Children. Urology 2016, 89,
107–111. [CrossRef] [PubMed]

71. Cha, Y.Y.; Rosoklija, I.; Shannon, R.; Singal, A.; D’Oro, A.; Meade, P.; Gong, E.M.; Lindgren, B.W.; Johnson, E.K. Urinary Tract
Infection after Robot-assisted Laparoscopic Pyeloplasty: Are Urine Cultures and Antibiotics Helpful? Urology 2021, 148, 235–242.
[CrossRef]

72. Shaikh, N.; Haralam, M.A.; Kurs-Lasky, M.; Hoberman, A. Association of Renal Scarring with Number of Febrile Urinary Tract
Infections in Children. JAMA Pediatr. 2019, 173, 949–952. [CrossRef]

73. Damm, T.; Mathews, R. The RiVUR Study Outcomes and Implications on the Management of Vesicoureteral Reflux. Arch. Nephrol.
Ren. Stud. 2022, 2, 1–5.

74. Bandari, B.; Sindgikar, S.P.; Kumar, S.S.; Vijaya, M.S.; Shankar, R. Renal scarring following urinary tract infections in children.
Sudan J. Paediatr. 2019, 19, 25–30. [CrossRef]

75. Lutter, S.A.; Currie, M.L.; Mitz, L.B.; Greenbaum, L.A. Antibiotic resistance patterns in children hospitalized for urinary tract
infections. Arch. Pediatr. Adolesc. Med. 2005, 159, 924–928. [CrossRef] [PubMed]

76. Fanelli, U.; Chiné, V.; Pappalardo, M.; Gismondi, P.; Esposito, S. Improving the Quality of Hospital Antibiotic Use: Impact on
Multidrug-Resistant Bacterial Infections in Children. Front. Pharmacol. 2020, 11, 745. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jpurol.2022.03.022
https://doi.org/10.1016/j.urology.2015.11.035
https://www.ncbi.nlm.nih.gov/pubmed/26683754
https://doi.org/10.1016/j.urology.2020.09.054
https://doi.org/10.1001/jamapediatrics.2019.2504
https://doi.org/10.24911/SJP.106-1554791193
https://doi.org/10.1001/archpedi.159.10.924
https://www.ncbi.nlm.nih.gov/pubmed/16203936
https://doi.org/10.3389/fphar.2020.00745
https://www.ncbi.nlm.nih.gov/pubmed/32499712

	Introduction 
	Materials and Methods 
	Clinical Question 
	Search Strategy and Eligibility Criteria 
	Risk of Bias and Methodological Quality Assessment 
	Data Extraction and Synthesis 

	Results 
	Should Continuous Antibiotic Prophylaxis Be Used in All Children with a Previous UTI? 
	Should Continuous Antibiotic Prophylaxis Be Used in All Children with a History of Recurrent UTIs? 
	Should Continuous Antibiotic Prophylaxis Be Used in All Children with VUR of Any Grade? 
	Should Continuous Antibiotic Prophylaxis Be Used in All Children with High-Grade VUR (III–V)? 
	Should Antibiotic Prophylaxis Be Used in Children with Isolated Hydronephrosis? 
	Should Antibiotic Prophylaxis Be Used in Children with Intravesical Obstructions (i.e., Urethral Valves)? 
	Should Antibiotic Prophylaxis Be Used in Children with Hydroureteronephrosis (i.e., Primary Obstructive Megaureter)? 
	Should Antibiotic Prophylaxis Be Used in Children with Neurogenic Bladder? 
	Which Antibiotic Should Be Preferred for Long-Term Prophylaxis of UTI in Children? 
	Should the Prophylactic Antibiotic Be Changed after a Breakthrough UTI in Children already on Prophylaxis? 
	Which Dosage Should Be Preferred for Continuous Antibiotic Prophylaxis? 
	Should Antibiotic Prophylaxis Be Continued in Children Undergoing Pyeloplasty? 
	How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing Ablation of Posterior Urethral Valves? 
	How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing Ureteral Reimplantation? 
	How Long Should Antibiotic Prophylaxis Be Continued in Children Undergoing Endoscopic Treatment of VUR? 

	Discussion 
	Conclusions 
	References

