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A B S T R A C T

Background

Urinary tract infection (UTI) is common in children. Symptoms include fever, lethargy, anorexia, and vomiting. UTI is caused by Escherichia
coli in over 80% of cases and treatment is a course of antibiotics. Due to acute illness caused by UTI and the risk of pyelonephritis-induced
permanent kidney damage, many children are given long-term (several months to 2 years) antibiotics aimed at preventing recurrence.
This is the third update of a review first published in 2001 and updated in 2006, and 2011.

Objectives

To assess whether long-term antibiotic prophylaxis was more eHective than placebo/no treatment in preventing recurrence of UTI in
children, and if so which antibiotic in clinical use was the most eHective. We also assessed the harms of long-term antibiotic treatment.

Search methods

We searched the Cochrane Kidney and Transplant Register of Studies up to 30 July 2018 through contact with the Cochrane Information
Specialist using search terms relevant to this review. Studies in the Register are identified through searches of CENTRAL, MEDLINE, EMBASE,
conference proceedings, the International Clinical Trials Register (ICTRP) Search Portal, and ClinicalTrials.gov.

Selection criteria

Randomised comparisons of antibiotics with other antibiotics, placebo or no treatment to prevent recurrent UTI in children.

Data collection and analysis

Two authors independently assessed and extracted information for the initial and previous updates. A random-eHects model was used to
estimate risk ratio (RR) and risk diHerence (RD) for recurrent UTI with 95% confidence intervals (CI).

Main results

In this update sixteen studies (2036 children randomised, 1977 analysed) were included. Seven studies (612 children) compared two
or more types of antibiotics, six (1088 children) compared antibiotics with placebo or no treatment, one four-armed study compared
circumcision with and without antibiotic treatment, one study compared dose of antibiotic, and one three-armed study compared two
diHerent antibiotics as well as no treatment. Of the sixteen included studies only one study was judged to be at low risk of bias for all
domains, with the majority judged to be at unclear risk of bias due to very poorly reported methodology. The number of studies judged
to be a low risk of bias was: selection bias (7); performance bias (4); detection bias (1); attrition bias (6); reporting bias (7); and other bias
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(2). The number of studies judged to be at high risk of bias was: selection bias (0); performance bias (5); detection bias (1); attrition bias
(4); reporting bias (6); and other bias (1).

Compared to placebo/no treatment, antibiotics lead to a modest decrease in the number of repeat symptomatic UTI in children; however
the estimate from combining all studies was not certain and the confidence interval indicates low precision indicating that antibiotics may
make little or no diHerence to risk of repeat infection (RR 0.75, 95% CI 0.28 to 1.98). When we combined only the data from studies with
concealed treatment allocation, there was a similar reduction in risk of repeat symptomatic UTI in children taking antibiotics (RR 0.68)
and we have greater certainty in this estimate because of the more robust study designs, the confidence interval is smaller and it does not
include the point of no eHect (95% CI 0.48 to 0.95). The estimated reduction in risk of repeat symptomatic UTI for children taking antibiotics
was similar in children with vesicoureteric reflux (VUR) (RR 0.65, 95% CI 0.39 to 1.07) compared to those without VUR (RR 0.56, 95% CI 0.15
to 2.12) however there was considerable uncertainty due to imprecision from fewer events in the smaller group of children with VUR. There
was no consistency in occurrence of adverse events, with one study having more events in the placebo group and a second study having
more events in the antibiotics group. Three studies reported data for antibiotic resistance with the analysis estimating the risk of a UTI
caused by a bacteria resistant to the prophylactic antibiotic being almost 2.5 times greater in children on antibiotics than for children on
placebo or no treatment (RR 2.40, 95% CI 0.62 to 9.26). However the confidence interval is wide, showing imprecision and there may be
little or no diHerence between the two groups.

Eight studies involving 659 children compared one antibiotic with another but few studies compared the same combination for the
same outcome so little data could be pooled. Two studies reported microbial resistance data and analysis showed that treatment
with nitrofurantoin may lead to a lower risk of a UTI caused by a bacteria resistant to the treatment drug compared to children given
trimethoprim-sulphamethoxazole as their prophylactic treatment (RR 0.54, 95% CI 0.31 to 0.92).

Authors' conclusions

Long-term antibiotics may reduce the risk of repeat symptomatic UTI in children who have had one or more previous UTIs but the benefit
may be small and must be considered together with the increased risk of microbial resistance.

P L A I N   L A N G U A G E   S U M M A R Y

Long-term antibiotics for preventing recurrent urinary tract infection in children

What is the issue?

Bladder and kidney infections (urinary tract infection - UTI) are common in children, especially girls. They cause an uncomfortable illness
that can include vomiting, fever and tiredness. In some children kidney damage may occur, as can repeat illnesses. With repeated infections
the risk of kidney damage increases. Some doctors prescribe long-term antibiotics to try to prevent infections recurring, but this may cause
the child to be unwell in other ways, e.g. vomiting

What did we do?

We searched electronic databases and reference lists to identify and summarise findings from all randomised controlled trials that
compared low dose antibiotics given for at least 2 months, with no treatment or a placebo in children at risk of a UTI. We also identified
studies comparing diHerent types and doses of antibiotics.

What did we find?

We included 16 studies (2036 children randomised, 1977 analysed). This review found that long-term antibiotics may reduce the risk of
repeat symptomatic infections but the benefit is probably small and must be weighed against the likelihood that future infections are likely
to be caused by bacteria that are resistant to the antibiotic given.

Conclusions

Long-term, low dose antibiotics to prevent repeat UTI should be reserved for those children at high risk of repeat infection, such as young
infants, and children clinicians would strongly want to reduce the risk of further infections, such as children with renal abnormalities.
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Summary of findings for the main comparison.   Antibiotic treatment versus placebo or no treatment

Antibiotic treatment versus placebo or no treatment

Patient or population: children with previous UTI and most do not have a renal tract abnormality such as VUR
Setting: children in the community presenting to a hospital who have experienced at least one UTI
Intervention: antibiotic treatment
Comparison: placebo/no treatment

Anticipated absolute effects* (95% CI)Outcomes

Risk with
placebo/no
treatment

Risk with antibiotic treat-
ment

Relative effect
(95% CI)

No. of partic-
ipants
(studies)

Quality of the
evidence
(GRADE)

Comments

Recurrence of symptomatic UTI in
children

212 per 1,000 159 per 1,000
(59 to 420)

RR 0.75
(0.28 to 1.98)

1074 (5) ⊕⊕⊝⊝

LOW 1 2 3

All studies comparing
antibiotic treatment
with placebo or no
treatment.

Recurrence of symptomatic UTI in
children without VUR

223 per 1,000 134 per 1,000
(29 to 611)

RR 0.60
(0.13 to 2.74)

541 (4) ⊕⊕⊝⊝

LOW 2 3

-

Recurrence of symptomatic UTI in
children with VUR

180 per 1,000 117 per 1,000
(70 to 192)

RR 0.65
(0.39 to 1.07)

371 (2) ⊕⊕⊝⊝

LOW 2 3

Small sample size be-
cause only two stud-
ies reported separated
data and majority of
children did not have
VUR

Recurrence of symptomatic UTI in
children, in studies with adequate
allocation concealment

161 per 1,000 110 per 1,000
(77 to 153)

RR 0.68
(0.48 to 0.95)

914 (2) ⊕⊕⊕⊝4

MODERATE

-

Repeat positive urine culture 386 per 1,000 120 per 1,000
(31 to 455)

RR 0.31
(0.08 to 1.18)

467 (4) ⊕⊝⊝⊝

VERY LOW 5
-

All adverse events 24 per 1,000 56 per 1,000
(1 to 1,000)

RR 2.31
(0.03 to 170.67)

914 (2) ⊕⊕⊝⊝

LOW 6
-

Microbial resistance to prophylac-
tic drug

164 per 1,000 394 per 1,000
(102 to 1,000)

RR 2.40
(0.62 to 9.26)

118 (2) ⊕⊕⊕⊝ -

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



L
o

n
g

-te
rm

 a
n

tib
io

tics fo
r p

re
v

e
n

tin
g

 re
cu

rre
n

t u
rin

a
ry

 tra
ct in

fe
ctio

n
 in

 ch
ild

re
n

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2019 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4

MODERATE 7

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; RR: Risk ratio; UTI: urinary tract infection; VUR: vesicoureteric reflux

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Two studies were consistent with each other but three others were quite variable in their findings
2 Several studies were small and results variable, making the confidence intervals wide
3 Smaller and older studies were quite variable in their findings, did not use blinding and patient selection was unclear
4One study was open label suggesting interpretation bias
5 Studies which did not include symptoms in the diagnosis of UTI are likely to involve misclassification of UTI and asymptomatic bacteriuria
6 One study was open label and all adverse events were in the active arm, suggesting interpretation bias
7 One study conducted screening cultures and therefore examined more samples that may have been from asymptomatic bacteriuria while also demonstrating the presence of
a drug resistant organism
 
 

Summary of findings 2.   Antibiotic 1 versus antibiotic 2 for preventing repeat UTI in children

Antibiotic 1 versus antibiotic 2 for preventing repeat UTI in children

Patient or population: children with primarily normal renal tracts who have experienced at least one UTI
Setting: children who have experienced a UTI in the community and are considered for preventative treatment to reduce the risk of further UTIs
Intervention: one type of antibiotic
Comparison: second type of antibiotic

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with an-
tibiotic 2

Risk with antibi-
otic 1

Relative effect
(95% CI)

No. of partic-
ipants
(studies)

Quality of the
evidence
(GRADE)

Comments

Recurrence of symptomatic UTI:
nitrofurantoin (1) versus cotri-
moxazole (2)

218 per 1,000 124 per 1,000
(76 to 201)

RR 0.57
(0.35 to 0.92) (favours ni-
trofurantoin)

157 (2) ⊕⊕⊕⊝

MODERATE 1
No events were recorded in one
study, so a single study provided
data on this comparison
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Recurrence of symptomatic UTI:
cotrimoxazole (1) versus ce-
fadroxil (2)

80 per 1,000 143 per 1,000
(26 to 776)

RR 1.79
(0.33 to 9.70) (favours ce-
fadroxil)

46 (1) ⊕⊕⊝⊝

LOW 2
Single study, few methodolo-
gy details, not a highly relevant
comparison

Recurrence of symptomatic UTI:
cotrimoxazole (1) versus cef-
prozil (2)

206 per 1,000 142 per 1,000
(41 to 492)

RR 0.69
(0.20 to 2.39) (favours cot-
rimoxazole)

55 (1) ⊕⊕⊕⊝

MODERATE 2
Single study, few methodolog-
ical details, not a very relevant
comparison

Microbial resistance to prophy-
lactic drugs: nitrofurantoin (1)
versus cotrimoxazole (2)

672 per 1,000 363 per 1,000
(208 to 618)

RR 0.54
(0.31 to 0.92) (favours ni-
trofurantoin)

96 (2) ⊕⊕⊕⊝

MODERATE 1
Both studies had limited
methodology reported, but were
consistent in their findings

Adverse events: cotrimoxazole
(1) versus cefprozil (2)

88 per 1,000 143 per 1,000
(32 to 643)

RR 1.62
(0.36 to 7.29)

55 (1) ⊕⊕⊝⊝

LOW 2
Single study, few methodolo-
gy details, not a highly relevant
comparison

Adverse events: nitrofurantoin
(1) versus trimethoprim (2)

283 per 1,000 618 per 1,000
(394 to 966)

RR 2.18
(1.39 to 3.41) (favours
trimethoprim)

120 (1) ⊕⊕⊝⊝

LOW 2
Single study, poorly reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; RR: Risk ratio; UTI: urinary tract infection

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Both studies reported their methodology very poorly and it was diHicult to be certain of design issues
2 Single study, no missing data but considerable uncertainty and imprecision
 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Acute urinary tract infection (UTI) is common in children. By the
age of seven years, 8.4% of girls and 1.7% of boys will have
suHered at least one episode (Hellstrom 1991). Death is now
a rare complication but hospitalisation is frequently required
(40%), particularly in infancy (Craig 1998). Transient damage
to the kidneys occurs in about 40% of children (Craig 1998),
and permanent damage occurs in about 5% (Coulthard 1997),
sometimes even following a single infection. Symptoms are
systemic rather than localised in early childhood and consist of
fever, lethargy, anorexia, and vomiting. UTI is caused by Escherichia
coli in over 80% of cases (Rushton 1997) and treatment consists of
a course of antibiotics.

Children who have had one infection are at risk of further infections.
Recurrent UTI occurs in up to 30% (Winberg 1975). The risk factors
for recurrent infection are vesicoureteric reflux (VUR), bladder
instability and previous infections (Hellerstein 1982; Rushton 1997).
Recurrence of UTI occurs more commonly in girls than boys
(Bergstrom 1972; Winberg 1975).

Due to the unpleasant acute illness caused by UTI and the risk of
pyelonephritis-induced permanent kidney damage, many children
are given long-term antibiotics aimed at preventing recurrence.
Cotrimoxazole, nitrofurantoin and trimethoprim are commonly
used for this purpose. These medications may cause side eHects
and promote the development of resistant bacteria.

Description of the intervention

Various low dose antibiotics have been used as prophylactic
treatment in children, common options include; trimethoprim/
sulphamethoxazole (2mg/kg/day /10 mg/kg/d) and nitrofurantoin
(1 to 2 mg/kg/d). Other less frequently used antibiotics include
cefadroxil (12.5 to 15 mg/kg/d), nalidixic acid (30 mg/kg/d),
pivmecillinam (100 to 200 mg/d), cefixime (2 mg/kg), and
co-amoxiclav (15 mg/kg/d) and probably others. Durations of
treatment range from one month to several years.

How the intervention might work

Theoretically, maintaining a small amount of antibiotic in the body
could prevent bacteria growing out of control and causing illness.

Why it is important to do this review

Low dose antibiotic prophylaxis has been used to prevent recurring
UTIs in children for many years. Anecdotal evidence and a cohort
study (Craig 1998) has suggested some children on prophylactic
antibiotics experience recurrence despite the treatment and
theoretical concerns over bacterial resistance to such long term use
of antibiotics were also raised.

O B J E C T I V E S

To assess whether long-term antibiotic prophylaxis was more
eHective than placebo/no treatment in preventing recurrence of
UTI in children, and if so which antibiotic in clinical use was the
most eHective. We also assessed the harms of long-term antibiotic
treatment.

M E T H O D S

Criteria for considering studies for this review

Types of studies

• All randomised controlled trials (RCTs) and quasi-RCTs
(allocation based on alternation, date of birth, hospital medical
record number) of antibiotic treatment versus placebo/no
treatment for the prevention of recurrent UTI.

• All RCTs and quasi-RCTs that compared two or more antibiotics
administered daily for a period of at least two months for the
prevention of recurrent UTI were included.

Types of participants

Children less than 18 years of age who were at risk of recurrence
due to prior infection were included. Studies were included if
the majority of participants (> 50%) did not have a predisposing
cause such as a renal tract abnormality, including VUR, or a major
neurological, urological or muscular disease.

Types of interventions

Long-term antibiotic versus placebo/no treatment, and studies
that compared two or more antibiotics with each other. Long-
term prophylaxis was defined as antibiotic administered daily for a
period of at least two months.

Types of outcome measures

Primary outcomes

The primary outcome was the number of repeat symptomatic UTIs,
confirmed by bacterial growth in the urine, in combination with
signs or symptoms of a urine infection while on treatment/placebo.

Secondary outcomes

The secondary outcomes were total number of positive urine
cultures, adverse reactions to treatment, hospitalisation with UTI
and microbial resistance.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Kidney and Transplant Register of
Studies up to 30 July 2018 through contact with the Information
Specialist using search terms relevant to this review. The Register
of Studies contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals and the proceedings
of major kidney conferences

4. Searches of the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Register are identified through search
strategies for CENTRAL, MEDLINE, and EMBASE based on the scope
of Cochrane Kidney and Transplant. Details of these strategies, as

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6

http://kidneyandtransplant.cochrane.org/cochrane-kidney-and-transplant-specialised-register
http://kidneyandtransplant.cochrane.org/cochrane-kidney-and-transplant-specialised-register


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

well as a list of handsearched journals, conference proceedings and
current awareness alerts, are available in the Specialised Register
section of information about Cochrane Kidney and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of review articles, relevant studies and clinical
practice guidelines.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis

Selection of studies

2018 review update

The search results were screened and studies included or excluded
based on the selection criteria listed above. Data extraction and
text were completed by one author. Since both authors on this
review are also authors on an included study (PRIVENT 2009), risk
of bias assessment was independently reviewed by Narelle Willis
(Cochrane Kidney and Transplant).

Initial review (2001) and previous updates (2006, 2011)

The search strategy described above was used independently by
two authors to obtain titles of abstracts relevant to the review. The
titles were independently screened by two authors, who discarded
studies that were irrelevant. The selection was overly inclusive to
ensure no relevant studies were missed. Two authors screened
the resulting list of articles independently to assess whether the
studies met our inclusion criteria. Disagreements were resolved by
discussion with a third author.

Data extraction and management

Full articles of the included studies were examined, under
open conditions to extract the necessary information. Methods
(participant details (numbers, age, gender), type of antibiotic,
frequency and dose regimen, duration of treatment, outcomes
(recurrent UTI, adverse reactions to treatment) were extracted.
Discrepancies in data extraction were resolved by discussion.

Assessment of risk of bias in included studies

Review updates (2011, 2018)

For the 2018 and 2011 updates the risk of bias tables were
completed. The following items were assessed by using the risk of
bias assessment tool (Higgins 2011) (see Appendix 2).

• Was there adequate sequence generation (selection bias)?

• Was allocation adequately concealed (selection bias)?

• Was knowledge of the allocated interventions adequately
prevented during the study?
* Participants and personnel (performance bias)

* Outcome assessors (detection bias)

• Were incomplete outcome data adequately addressed (attrition
bias)?

• Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

• Was the study apparently free of other problems that could put
it at a risk of bias?

Initial review (2001) and 2006 update

The quality of eligible studies was assessed independently, under
open conditions by two of three authors with disagreements
resolved aPer consultation with a third author. Blinding,
losses to follow-up, heterogeneity of study group participants,
standardisation of outcome assessment, and whether intention-
to-treat analysis was conducted, were assessed (Williams 2001;
Williams 2006).

Measures of treatment e8ect

The primary outcome was the proportion of patients experiencing
a recurrence of symptomatic UTI. The results of each study
were calculated as point estimates with their corresponding 95%
confidence intervals (CI). The risk ratio (RR) and risk diHerence
(RD) were used as the measures of summary treatment eHects.
Number needed-to-treat (NNT) and number needed-to-harm
(NNH) estimates (1/RD) were calculated to compare the benefits
and harmful eHects of antibiotics. Analyses were conducted for
studies:

• Comparing antibiotics with placebo/no treatment

• Comparing one type of antibiotic with another type.

Dealing with missing data

Further information was sought from authors where papers did
not contain suHicient information to make an appropriate decision
about inclusion.

Assessment of heterogeneity

We assessed the heterogeneity by visual inspection of the forest

plot. Heterogeneity was analysed using a Chi2 test on N-1 degrees
of freedom, with an alpha of 0.05 used for statistical significance

and with the I2 test (Higgins 2003). A guide to the interpretation of

I2 values is as follows.

• 0% to 40%: might not be important

• 30% to 60%: may represent moderate heterogeneity

• 50% to 90%: may represent substantial heterogeneity

• 75% to 100%: considerable heterogeneity.

The importance of the observed value of I2 depends on the
magnitude and direction of treatment eHects and the strength of

evidence for heterogeneity (e.g. P-value from the Chi2 test, or a CI

for I2) (Higgins 2011).

Assessment of reporting biases

Publication bias was to be assessed using a funnel plot; however
there were insuHicient studies to carry out this assessment.

Data synthesis

Results were pooled using a random eHects model.

Subgroup analysis and investigation of heterogeneity

Univariate analyses were used to explore the antibiotic treatment
eHect on repeat symptomatic UTI. Subgroup analysis was used to
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examine how patients VUR status and study quality (risk of bias
table fields) influenced the summary treatment eHect.

'Summary of findings' tables

We presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning
the quality of the evidence, the magnitude of the eHects of
the interventions examined, and the sum of the available data
for the main outcomes (Schünemann 2011a). The 'Summary of
findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008; GRADE 2011). The GRADE approach defines
the quality of a body of evidence as the extent to which one can be
confident that an estimate of eHect or association is close to the
true quantity of specific interest. The quality of a body of evidence
involves consideration of within-trial risk of bias (methodological
quality), directness of evidence, heterogeneity, precision of eHect
estimates and risk of publication bias (Schünemann 2011b). We
presented the following outcomes in the 'Summary of findings'
tables.

• Recurrence of symptomatic UTI in children

• Recurrence of symptomatic UTI in children without VUR

• Recurrence of symptomatic UTI in children with VUR

• Recurrence of symptomatic UTI in children, in studies with
adequate allocation concealment

• Repeat positive urine culture

• All adverse events

• Microbial resistance to prophylactic drug.

R E S U L T S

Description of studies

Results of the search

2018 review update

The search of the specialised register of the Cochrane Kidney
and Transplant group identified 59 reports of studies. An alert
in Research Gate identified a report of an eligible study (Liern
2011) that was not identified in the Specialised Register and was
not listed in MEDLINE or PubMed and was incorrectly coded in
EMBASE as a journal article instead of a trial. APer title and abstract
review 25 reports underwent full text review (Figure 1). Four new
eligible studies (5 reports) were included (Antachopoulos 2016;
Beiraghi Toosi 2011; Gucuk 2013; Liern 2011), six new reports of
five already included studies were identified (Baciulis 2003; Montini
2008; PRIVENT 2009; Savage 1973; Smellie 1978), and we excluded
49 reports (24 reports of 11 new studies and 25 reports of 2 already
excluded studies).
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Figure 1.   Study flow diagram.

 
2011 review update

The specialised register search identified 30 reports. APer title,
abstract and then full-text review we identified five reports of four
new included studies (Baciulis 2003; Belet 2004; Falakaflaki 2007;
PRIVENT 2009), two reports of an existing included study (Montini
2008), three reports of one ongoing study (RIVUR 2008) and 20
reports of nine new excluded studies.

2006 review update

The search identified three new reports. We identified two new
eligible studies (Lettgen 2002; and an early abstract of Montini 2008)
and tow previously excluded studies were re-assessed and included
in this update (Carlsen 1985; Lohr 1977). One report was excluded.

Initial review (2001)

Of > 900 titles screened, 595 abstracts were reviewed with
578 excluded because they were clearly not RCTs of antibiotic
treatment in children with UTI. Seventeen reports underwent
full text review; four met our inclusion criteria (Brendstrup 1990;
Savage 1973; Smellie 1978; Stansfeld 1975), one study was awaiting
translation, and 12 studies were excluded.

Included studies

Sixteen studies (2036 randomised children, 1977 analysed) were
identified (see Characteristics of included studies)

Thirteen studies used a parallel design while three were cross-
over studies. Thirteen studies compared two treatment groups, two
studies compared three treatments and one study compared four
treatment options. Seven studies (612 children) compared two or
more types of antibiotics only, six studies (1088 children) compared
antibiotics with placebo or not treatment, one four-armed study
(197 children) compared circumcision with and without antibiotic
treatment; one study (33 children) compared dose of antibiotic
(every night versus alternate night) and one three-armed study
(47 children) compared two diHerent antibiotics as well as no
treatment.

Duration of antibiotic prophylaxis varied from 10 weeks to 12
months. Thirteen studies reported the number of children with VUR
(a total of 637) and 15 studies reported numbers of girls and boys
(1246 girls and 669 boys). Seven studies recruited children who
had experienced one or more UTIs, three studies recruited aPer
the child's first UTI and one study included girls without a UTI but
with bacteriuria. In five studies UTI history at enrolment was not
reported.

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)
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Excluded studies

Fourteen studies enrolled > 50% of children with VUR (Espino
Hernandez 2012; Feldman 1975; Habeeb Abid 2015; Hari 2015;
Lee 2007a; Mohseni 2013; Pennesi 2008; Ray 1970; RIVUR 2008;
Roussey-Kesler 2008; Sanchez-Bayle 1983; Swedish Reflux 2010;
Zegers 2011) or other urological abnormality (Madsen 1973). Five
studies didn't compare antibiotics with placebo/no treatment or
with another antibiotic (Bose 1974; Clemente 1994; Craig 2002;
Marild 2009; Montini 2007) and six studies were of short duration
or acute treatment (Bergstrom 1968; Fennell 1980; Fischbach 1989;
Garin 2006; Lindberg 1978; Pisani 1982).

Non-randomised studies were removed from the 2018 review
update.

See Characteristics of excluded studies

Risk of bias in included studies

Prior to the 2011 update, analysed studies were poorly reported
for methodological detail. Montini 2008 was published initially
in abstract form and in the 2011 update a full journal article of
the study was included with much greater methodological detail
(Montini 2008). One large, recent study (PRIVENT 2009) was well
designed, well reported and powered appropriately for the study
question (Figure 2; Figure 3). Three of the four studies added in
the 2018 update (Antachopoulos 2016; Beiraghi Toosi 2011; Gucuk
2013) were very poorly reported with all having the majority of risk
of bias fields designated as unclear because details were missing
from the report. Liern 2011 was reported more completely however
blinding, incomplete outcomes reporting and selective reporting
fields were designated as having a high risk of bias.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Random sequence generation

Five studies (Lettgen 2002; Liern 2011; Montini 2008; PRIVENT 2009;
Stansfeld 1975) reported how the randomisation sequence was
generated and appeared robust. The remaining 11 studies did
not provide suHicient details about the process to understand the
methods used.

Allocation concealment

Six studies (Brendstrup 1990; Liern 2011; Lohr 1977; Montini
2008; PRIVENT 2009; Stansfeld 1975) reported that allocation to
treatment group was concealed and unable to be influenced by the
treating physician. For the remaining 10 studies this was unclear.

Blinding

Four studies stated that they were double-blinded or that patients
and clinicians were blinded to treatment allocation (Brendstrup
1990; Lohr 1977; PRIVENT 2009; Stansfeld 1975). Five studies stated
that there was no blinding (Baciulis 2003; Liern 2011; Montini 2008;
Savage 1973; Smellie 1978) and for seven studies (Antachopoulos
2016; Beiraghi Toosi 2011; Belet 2004; Carlsen 1985; Falakaflaki
2007; Gucuk 2013; Lettgen 2002) blinding of patients and clinicians
was unclear. Only PRIVENT 2009 stated that outcome assessors
were blinded to treatment allocation. Savage 1973 stated no
blinding for outcomes and for the remaining 14 studies this detail
was not reported.

Incomplete outcome data

Six studies provided explanations for changes in numbers of
children reported at the start and finish of the studies (Belet 2004;
Montini 2008; PRIVENT 2009; Savage 1973; Smellie 1978; Stansfeld
1975). For four studies (Brendstrup 1990; Carlsen 1985; Gucuk 2013;
Liern 2011) numbers reported were inconsistent for the start and
finish of the study or varied across the reported outcomes without
explanation, placing the study at high risk of bias. For six studies it

was unclear whether everyone who started the study was included
in the final analysis giving them an assessment of unclear bias.

Selective reporting

Eight studies reported the most appropriate primary outcome,
repeat symptomatic UTI for the question (Antachopoulos 2016;
Belet 2004; Falakaflaki 2007; Gucuk 2013, Montini 2008; PRIVENT
2009; Savage 1973; Smellie 1978), while five studies reported a
less relevant primary outcome of repeat positive urine culture. In
three studies it was not clear whether the reported outcome was
symptomatic or asymptomatic UTI, hence these were classified as
unclear for selective reporting bias (Baciulis 2003; Beiraghi Toosi
2011; Lohr 1977).

Other potential sources of bias

For many studies it was diHicult to determine who the children
were and how many were reviewed for possible inclusion in the
study and therefore the ability to determine the extent of selection
bias was very limited. Only PRIVENT 2009 clearly reported the
number of patients screened and the reasons for exclusion and
non-enrolment.

Definitions and criteria for diagnosis of initial and recurrent UTI
diHered enormously between the studies and were generally poorly
reported. Misclassification was possible in most studies and largely
ignored.

E8ects of interventions

See: Summary of findings for the main comparison Antibiotic
treatment versus placebo or no treatment; Summary of findings 2
Antibiotic 1 versus antibiotic 2 for preventing repeat UTI in children

Antibiotics versus placebo/no treatment

Recurrence of symptomatic UTI

Of the seven studies comparing antibiotic treatment with placebo/
no treatment, five studies, involving 1074 children contained data
for the outcome repeat symptomatic UTI and could be pooled
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and analysed. The resulting estimated risk of repeat symptomatic
UTI suggests a 25% reduction in risk of repeat symptomatic UTI
for children taking antibiotics (RR 0.75, Analysis 1.1). However the
precision of the estimate was low (95% CI 0.28 to 1.98) and includes
no diHerence in risk between the treatment groups. Heterogeneity

was high (I2 = 94%) and this reflects the variability in the early
studies and leads to the level of certainty around this evidence as
being low (Summary of findings for the main comparison). Notable
in this analysis was the diHerence in quality of included studies. A
single study (PRIVENT 2009) used a placebo and blinding and had
a low risk of bias across all other fields while the remaining four
studies were unblinded, did not use a placebo and were unclear or
had design issues putting them at a high risk of bias. Smellie 1978
and PRIVENT 2009 compared trimethoprim-sulphamethoxazole
with no treatment/placebo while the three other studies compared
two or three diHerent antibiotics with no treatment.

One study comparing antibiotics with no treatment was a cross-
over design (Lohr 1977) and did not provide data on the first
phase, thus could not be included in the meta-analyses. Another
study (Stansfeld 1975) could not be included in the pooled analysis
because they did not report the outcome of repeat symptomatic
UTI.

Presence of VUR and recurrence of symptomatic UTI

Four studies reported separate data for children with and without
VUR (Liern 2011; Montini 2008; PRIVENT 2009; Smellie 1978). The
summary point estimate for children without VUR was RR 0.60
(Analysis 1.2.1: 95% CI 0.13 to 2.174; RD -7%, 95% CI -19 to 4)
suggesting a reduced risk of repeat symptomatic UTI in those on
antibiotic prophylaxis compared to those on placebo/no treatment
but with considerable imprecision and leading to a low level of
certainty (Summary of findings for the main comparison). The
two recent and the most robustly designed studies (Montini 2008;
PRIVENT 2009) reported findings for a subset of children who had
VUR with the estimate being RR 0.65 and was more precise, leading
to an assessment of high certainty around this evidence (Summary
of findings for the main comparison) (Analysis 1.2.2: RR 0.65, 95%
CI 0.39 to 1.07; RD 6%, 95% CI -14 to -1). Despite the study design
quality diHerences, the estimates for risk in children with VUR
and those without VUR were remarkably similar (RR 0.60 and RR
0.65) showing little diHerence between antibiotic and placebo/no
treatment in the diHerent groups of children.

Study design and risk of bias

Two studies had adequate allocation concealment (Montini 2008;
PRIVENT 2009) and gave a point estimate with high precision
and a high level of certainty (Analysis 1.3.1: RR 0.68, 95% CI 0.48
to 0.95; RD -5%, 95% CI -9 to 0) (Summary of findings for the
main comparison) while the three studies with unclear allocation
concealment (Savage 1973; Smellie 1978, Liern 2011) showed
considerable imprecision (Analysis 1.3.2: RR 0.58, 95% CI 0.05 to
6.41; RD -10%, 95% CI -40 to 19).

A single study was appropriately blinded (PRIVENT 2009) and the
point estimate is more precise than that of the three unblinded
studies (Analysis 1.3.3: RR 0.65, 95% CI 0.44 to 0.96; RD -7%, 95% CI
-13 to -1 compared to Analysis 1.3.4: RR 0.72, 95% CI 0.18 to 2.84; RD
-7%, 95% CI -20 to 7).

Repeat positive urine culture

Compared to placebo/no treatment, antibiotics appeared to
moderately reduce the risk of repeat positive urine culture (Analysis
1.4.1: RR 0.31, 95% CI 0.08 to 1.18; RD -28% 95% CI -51 to -5)
(Montini 2008; Savage 1973; Smellie 1978; Stansfeld 1975) however
the precision is poor and shows there may be little or no diHerence
in risk between those taking antibiotics and those not treated.

Studies showed substantial heterogeneity (I2 = 91%) and there was
considerable variability in the rates of repeat positive urine cultures
in the control groups of the four studies, ranging from 21% to
85%. This suggests a very low level of certainty in this evidence
(Summary of findings for the main comparison).

Studies with adequate allocation concealment showed a reduced
risk of repeat positive culture (RR of 0.21, 95% CI 0.2 to 2.5; RD
-29%, 95% CI -68 to 11) (Analysis 1.5.1) but precision was poor
and includes the estimate of no diHerence between the groups.
Studies with inadequate or unclear allocation concealment had the
same RR (0.21) but much larger 95% CI, indicating much greater
imprecision (95% CI 0.00 to 32.38; RD -28%, 95% CI -71 to 15)
(Analysis 1.5.2). One study stated that it was blinded and their
results gave a substantially reduced risk of repeat positive culture
in the antibiotic group (RR of 0.05, 95% CI 0.0 to 0.72; RD -50%,
95% CI -71 to -29) (Analysis 1.5.3) while studies that described an
open study or unclear blinding, gave a somewhat reduced risk of
repeat positive culture (RR of 0.48, 95% CI 0.15 to 1.54; RD -21%,
95% CI -44 to 3) (Analysis 1.5.4) but this estimate includes a risk of
no diHerence.

Adverse events

Two studies reported adverse events within each treatment arm
(Montini 2008; PRIVENT 2009), with very diHerent findings. The
unblinded study (Montini 2008) showed no events in the no-
treatment arm and PRIVENT 2009 showed more events in the
placebo arm than the active arm. The risk of adverse events was
estimated as twice as likely in children taking placebo or not treated
compared to those on antibiotics (RR 2.31) but imprecision was very
high and our certainty around this evidence is low (95% CI 0.03 to
170.67; RD 2%, 95% CI 7 to 11) (Analysis 1.6.1) (Summary of findings
for the main comparison).

Microbial resistance

Three studies reported results for microbial resistance (Montini
2008; PRIVENT 2009; Stansfeld 1975). Two of these reported for
repeat symptomatic UTI (Montini 2008; PRIVENT 2009) and showed
a much increased risk of bacterial resistance to the active treatment
in children taking antibiotics (RR of 2.40, 95% CI 0.62 to 9.26; RD
25%, 95% CI -9 to 60) (Analysis 1.7) meaning resistance was more
than twice as likely in the active treatment arms than the non-
treatment or placebo groups. The third study with the outcome
repeat positive urine culture, showed a single positive culture with
resistant bacteria in the placebo group (Stansfeld 1975). Overall
this evidence provides a moderate level of certainty (Summary of
findings for the main comparison).

Comparison between two antibiotics

Five studies provided data to compare one antibiotic with another
antibiotic (Beiraghi Toosi 2011; Belet 2004; Brendstrup 1990;
Falakaflaki 2007; Lettgen 2002), two studies reported their primary
outcome as symptomatic UTI and three reported positive urine
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culture. Almost no data could be combined since studies with the
same outcome used diHerent antibiotic comparisons.

Nitrofurantoin versus other antibiotics

For the outcome symptomatic UTI, Falakaflaki 2007 showed
a reduced risk of repeat symptomatic UTI in children
taking nitrofurantoin compared to those taking trimethoprim-
sulphamethoxazole (Analysis 2.1.1: RR 0.57, 95% CI 0.35 to 0.92; RD
-20%, 95% CI -36 to 4) with no estimate for Smellie 1978 due to
absence of events in both arms. This data provides a moderate level
of certainty (Summary of findings 2). Brendstrup 1990 compared
nitrofurantoin with trimethoprim and showed a reduced risk of
repeat positive urine culture in children taking nitrofurantoin
compared to those on trimethoprim (Analysis 2.2.1: RR 0.32, 95%
CI 0.19 to 0.56; RD -42%, 95% CI -58 to -26). However, patients
receiving nitrofurantoin were twice as likely to experience side
eHects (nausea, vomiting or stomach ache) than patients receiving
trimethoprim (Analysis 2.4.3: RR 2.18, 95% CI 1.39 to 3.41; RD 33%,
95% CI 17 to 50). This suggests that the side eHects of nitrofurantoin
(NNH = 3, 95% CI 2 to 6) are similar to the prophylactic benefit (NNT
= 5, 95% CI 3 to 33) compared with trimethoprim. Lettgen 2002
compared nitrofurantoin with cefixime. For the outcome repeat
positive urine culture the risk estimate suggested nitrofurantoin
gave a slightly increased risk of repeat positive culture compared
to cefixime (Analysis 2.2.2: RR 1.35) however the precision of the
estimate was very poor and includes the possibility of no diHerence
between the treatment options (95% CI 0.24 to 7.48; RD 3%, 95% CI
-12 to 17).

Carlsen 1985, a cross-over study, compared nitrofurantoin with
pivmecillinam in 32 children. Allocation concealment and blinding
were unclear. Ten repeat positive urine cultures occurred during
pivmecillinam treatment and six while taking nitrofurantoin.

Other antibiotic comparisons

Belet 2004 compared three antibiotics (cotrimoxazole, cefadroxil
and cefprozil) with cefadroxil appearing the most eHective (Analysis
2.1.3; Analysis 2.1.4; Analysis 2.1.5). No results showed a diHerence
and the study was underpowered (N = 21, 25 and 34) for the small
diHerences in event rates (8%, 14% and 21%). Beiraghi Toosi 2011
compared nalidixic acid with trimethoprim-sulphamethoxazole for
the outcome repeat positive urine culture with recurrence twice as
likely in children taking nalidixic acid (RR 2.27 95%CI 1.25 to 4.13).

Dose comparisons

Baciulis 2003 compared every night cefadroxil treatment with
alternate evening therapy. No diHerence between the doses was
evident (Analysis 3.1: RR 0.9, 95% CI 0.24 to 3.41; RD -2%, 95% CI -30
to 26). The study was small (N = 33) and methodology was poorly
reported.

Circumcision

Gucuk 2013 randomised boys with VUR and boys without VUR into
diHerent treatment options and therefore the findings across the
VUR group and non-VUR group could not be compared. Boys with
VUR were randomised to antibiotics plus circumcision or antibiotics
alone, while boys without VUR were randomised to circumcision
alone or no treatment. None of the 45 boys with VUR who were
circumcised and treated with antibiotics for 12 months experienced
a repeat symptomatic UTI while 6/46 treated with antibiotics for 12
months experienced a repeat symptomatic UTI. In the boys without

VUR, none of the 47 circumcised boys and none of the 49 not treated
boys experienced a repeat symptomatic UTI during 12 months of
follow-up.

Cross-over studies, excluded from meta-analyses

In none of the cross-over studies was it possible to determine what
outcomes occurred before the cross-over, so none were included in
any meta-analyses.

D I S C U S S I O N

Summary of main results

Long-term, low dose antibiotics were associated with a modest
decrease in the number of repeat symptomatic UTI in children;
however the estimate from combining all studies was not precise or
certain (Summary of findings for the main comparison).

Low dose antibiotics taken for 12 months reduced the risk of
repeat symptomatic UTI in children by around 6%, which means a
baseline risk of recurrence of 20% is reduced to 14%. This treatment
was also associated with a more than doubling of the risk that a
repeat infection was caused by a bacteria resistant to the treatment
antibiotic.

Nitrofurantoin appeared to be the most eHective antibiotic
treatment for UTI prevention; however it was associated with more
adverse events than trimethoprim-sulphamethoxazole

Overall completeness and applicability of evidence

The two largest studies in this review reported data and study
design details with a high degree of completeness. These studies
also included a range of children who are likely to represent the
population of children in whom this treatment may be considered.
Early studies were far more selective in the type of children included
and reported design detail much less thoroughly than later studies.

Two earlier versions of this review (Williams 2001; Williams 2006)
concluded that the evidence to support the use of antibiotics
to prevent recurrent symptomatic UTI was weak. The update in
2011 (Williams 2011) added data from two large and well reported
studies that changed this conclusion (Montini 2008; PRIVENT
2009). PRIVENT 2009 was optimally designed with all features
of good design reported in the article (randomisation process,
allocation concealment, blinding, explanations for incomplete
data, appropriate outcome reporting, and consideration for other
bias). Montini 2008, while somewhat smaller, unblinded and with
no placebo treatment, gave a RR (0.75) that was reasonably
consistent with results from the PRIVENT 2009 (RR 0.65); only the
PRIVENT 2009 reached a degree of precision and certainty for
a benefit to antibiotic treatment. These estimates are the least
biased and therefore likely to reflect the true eHect of prophylactic
antibiotic treatment. In the 2018 update four additional studies
were included but each provided very limited data for analyses
resulting in no change to previous findings.

The estimated absolute risk reduction was 6% and corresponds
to the need to treat between 16 and 17 children for 12 months
to prevent one symptomatic UTI. The absolute treatment eHect
appears consistent in children with and without VUR, a known
risk factor for further UTI. Although antibiotic prophylaxis prevents
UTI overall, the data suggest that prolonged treatment results
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in changes in the susceptibility of pathogenic bacteria with an
increased risk of symptomatic UTI caused by bacteria resistant to
the prophylactic agent.

The smaller and older studies gave highly variable and inconsistent
findings, highlighting the eHect of poor design and chance eHects
on study findings. Earlier studies tended to report repeat positive
urine culture as their primary outcome and large reductions in the
risk of repeat positive urine cultures were found in the antibiotic
groups of these studies. However, the appropriateness of this as
an outcome is questionable given that few doctors would treat
asymptomatic bacteriuria. Further limitations to these studies are
the quality of their design. Only two or four studies used adequate
allocation concealment and one of four reported double blinding.
Our analyses show that the poorly designed studies inflate the
treatment eHect by 49%, and ranging from 100% to 400% (using
Analysis 1.3.2) compared to those with better design.

Only PRIVENT 2009 reported suHicient detail to identify the time
frame for recurrence of symptomatic UTI, in this study 36% of UTIs
in the active arm and 47% in the placebo arm occurred within
three months of randomisation. A further 19% and 29% (active and
placebo arms respectively) of repeat symptomatic UTIs occurred
between three and six months post randomisation. This infers that
the risk of repeat symptomatic infection is highest during the three
months following initial infection and may suggest an initial course
of treatment of three months with possible extension to six months.

The side eHects of active treatment compared to placebo or no
treatment were reported in two studies (Montini 2008; PRIVENT
2009). The unblinded study (Montini 2008) reported 15 events in
the active treatment arm and none in the no-treatment group,
while the blinded study (PRIVENT 2009) showed considerably more
events in the placebo arm compared to active treatment (10 versus
4). This suggests interpretation of adverse events is influenced by
knowledge of treatment group therefore the blinded study is a
more reliable estimate of rates of adverse events.

Three studies reported the numbers of urine cultures causing
symptomatic UTI that grew bacteria resistant to the active
treatment in the studies with placebo comparisons. Two studies
reported that 8% of the cultures in the no treatment arm were
resistant to the active drug but PRIVENT 2009 showed that 18%
of urine infections were caused by bacteria resistant to the active
treatment. This suggests the baseline risk of resistance in the non-
treated group is not zero and is likely to be closer to 18% given
the greater reliability of PRIVENT 2009. PRIVENT 2009 and Montini
2008 reported bacterial resistance in the active treatment arms,
with over half (53%) of UTIs in the active arm in Montini 2008 and
28% of UTIs in the active arm of PRIVENT 2009 being attributed
to bacteria resistant to the active treatment drug. While the RR is
imprecise (2.4), as shown by the large 95% CI (0.62 to 9.26), the risk
appears increased.

Although nitrofurantoin was more eHective than trimethoprim
or cotrimoxazole in preventing repeat symptomatic infection or
repeat positive urine culture, it was associated with a greater
number of side eHects. The harmful eHects of nitrofurantoin
outweigh the prophylactic benefit and suggest that nitrofurantoin
may not be an acceptable therapy. Patient compliance would be an
important factor to consider in deciding on the use of nitrofurantoin
as prophylaxis.

The combined analysis of the studies included in this review
show there is a small benefit in long-term antibiotic treatment to
prevent repeat symptomatic UTI however this should be weighed
up against the likely increased risk of bacterial resistance in
subsequent infections, the baseline risk of repeat symptomatic
infection and how strongly parents and physicians wish to avoid a
possible repeat illness.

Quality of the evidence

Montini 2008 design was less rigorous than PRIVENT 2009
in that there was no placebo treatment, no blinding, and
the antibiotic treatment could be either of two antibiotics.
Awareness of treatment or the absence of treatment may have
led to biased interpretation of possible symptoms of a UTI and
misclassification of asymptomatic bacteriuria as symptomatic UTI.
DiHerent treatment options in the active arm may have led to
heterogeneity in findings within that group if the two antibiotics
diHered in eHicacy.

Early studies had many design limitations and reported highly
variable results.

Potential biases in the review process

The two authors of the 2011 and 2018 updates are authors on the
PRIVENT 2009 which may have led to a more favourable assessment
PRIVENT 2009. To address this an independent person reviewed the
risk of bias data to identify and correct possible biases.

Agreements and disagreements with other studies or
reviews

Several other reviews on this topic have been published (Dai 2010;
Le Saux 2000; Mathew 2010; Mori 2009) with varying conclusions
depending on which studies were included in the analysis. None
of these reviews identified additional studies to those considered
in this review and were oPen missing the complete group. Most
authors included studies in which the majority of children had VUR
making their inclusion criteria diHerent to ours and more similar to
the Cochrane review of Interventions for VUR (Nagler 2011). On the
whole these reviews agreed with the current assessments of study
quality.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Prior to Montini 2008 and PRIVENT 2009, the evidence to support
long-term, low dose antibiotics for the prevention of recurrent
UTI in children without VUR consisted of a small number of
poor quality studies that gave inconsistent and imprecise results.
The addition of data from two much larger and better designed
studies changes this. Analysis of the larger, better designed studies
demonstrates, with considerable consistency, a small benefit of low
dose antibiotics to prevent repeat symptomatic UTI in children.
The data show few adverse eHects from the antibiotic treatment
but demonstrate an increased risk of bacterial resistance to the
treatment drug in subsequent infections. A single study reported
event time periods and showed that the greatest risk of repeat
symptomatic infection occurs in the three to six months following
initial UTI. Nitrofurantoin appeared the most eHective treatment
but led to considerable adverse events.
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Implications for research

These findings suggest a small benefit to treating children who
have had at least one UTI but for many children in the studies,
no further UTIs occurred. Future research could focus on exploring
and identifying which children are most likely to benefit from
treatment.

A C K N O W L E D G E M E N T S

We are grateful to Dr Anna Lee who contributed to the original
iteration and first update of this review (Williams 2001; Williams

2006), contributing to the design, quality assessment, data
collection, entry, analysis and interpretation, and writing.

We are grateful to Lei Wei who contributed to the first review
update (Williams 2006), contributing to the quality assessment,
data collection, entry, analysis and interpretation, and writing.

The authors acknowledge Dr Smellie for her content expertise.

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

R E F E R E N C E S
 

References to studies included in this review

Antachopoulos 2016 {published data only}

Antachopoulos C, Ionnidou M, Tratselas A, Iosifidis E,
Katragkou A, Kadiltzoglou P, et al. Comparison of cotrimoxazole
vs. second-generation cephalosporins for prevention of
urinary tract infections in children. Pediatric Nephrology
2016;31(12):2271-76. [MEDLINE: 27525699]

Baciulis 2003 {published data only}

Baciulis V, Eitutiene G, Baciuliene E, Cerkauskiene R,
Jankauskiene A. Long-term cefadroxil prophylaxis in children
with recurrent urinary tract infections [abstract no: W832].
Nephrology Dialysis Transplantation 2003;18(Suppl 4):816.

Baciulis V, Eitutiene G, Cerkauskiene R, Baciuliene E,
Jankauskiene A, Mieliauskaite E. Long term cefadroxil
prophylaxis in children with recurrent urinary tract infections
[Vaiku pasikartojancios slapimo organu infekcijos ilgalaikis
profilaktinis gydymas cefadroksiliu]. Medicina 2003;39(Suppl
1):59-63. [MEDLINE: 12761422]

Beiraghi Toosi 2011 {published data only}

Beiraghi Toosi M, Ghane-Sharbaf F, Esmalaelli M,
Khajedaluee M. Comparison of nalidixic acid with trimethoprim-
sulfamethoxazole in prophylaxis of recurring urinary tract
infection in children [abstract no: P124]. Iranian Journal of
Kidney Diseases 2011;5(Suppl 1):12-3. [EMBASE: 70539629]

Belet 2004 {published data only}

Belet N, Islek I, Belet U, Sunter AT, Kucukodu S. Comparison of
trimethoprim-sulfamethoxazole, cephadroxil and cefprozil as
prophylaxis for recurrent urinary tract infections in children.
Journal of Chemotherapy 2004;16(1):77-81. [MEDLINE:
15078003]

Brendstrup 1990 {published data only}

Brendstrup L, Hjelt K, Petersen KE, Petersen S, Andersen EA,
Daugbjerg PS, et al. Nitrofurantoin versus trimethoprim
prophylaxis in recurrent urinary tract infection in children: a
randomized, double-blind study. Acta Paediatrica Scandinavica
1990;79(12):1225-34. [MEDLINE: 2085111]

Carlsen 1985 {published data only}

Carlsen NL, Hesselbjerg U, Glenting P. Comparison of long-
term, low dose pivmecillinam and nitrofurantoin in the
control of recurrent urinary tract infection in children: an
open, randomized, cross-over study. Journal of Antimicrobial
Chemotherapy 1985;16(4):509-17. [MEDLINE: 4066562]

Falakaflaki 2007 {published data only}

Falakaflaki B, Fallah R, Jamshidi MR, Moezi F, Torabi Z.
Comparison of nitrofurantoin and trimethoprim-
sulphamethoxazole for long-term prophylaxis in children with
recurrent urinary tract infections. International Journal of
Pharmacology 2007;3(2):179-82. [EMBASE: 2007450479]

Gucuk 2013 {published data only}

Burgu B, Gokce I, Aydogdu O, Soygur T. Do antibiotic
prophylaxis and/or circumcision change periurethral
uropathogen colonization and urinary tract infection rates in
boys with VUR? [abstract no: 574]. Journal of Urology 2011;185(4
Suppl 1):e231. [EMBASE: 70377838]

Gucuk A, Burgu B, Gokce I, Mermerkaya M, Soygur T. Do
antibiotic prophylaxis and/or circumcision change periurethral
uropathogen colonization and urinary tract infection rates
in boys with VUR?. Journal of Pediatric Urology 2013;9(6 Pt
B):1131-6. [MEDLINE: 23721792]

Lettgen 2002 {published data only}

Leggten B, Troster K. Prophylaxis of recurrent urinary tract
infections in children. Results of an open, controlled and
randomized study about the eHicacy and tolerance of
cefixime compared to nitrofurantoin [Reinfektionsprophylaxe
rezidivierender Harnwegsinfektionen im Kindesalter -
Ergebnisse einer oHenen, kontrollierten und randomisierten
Studie zur Wirksamkeit und Vertraglichkeit von Cefixim
im Vergleich zu Nitrofurantoin]. Klinische Padiatrie
2002;214(6):353-8. [MEDLINE: 12424684]

Liern 2011 {published data only}

Liern M, Maldonado L, Jordan P, Vallejo G. Recurrent urinary
tract infections: predisposing factors and antibiotic profilaxis
[Infecciones urinarias recurrentes: Factores predisponentes
y profilaxis antibiotica]. Revista de Nefrología, Diálisis y
Transplante 2011;31(1):22-9. [EMBASE: 2012397309]

Lohr 1977 {published data only}

Lohr JA, Nunley DH, Howards SS, Ford RF. Prevention
of recurrent urinary tract infections in girls. Pediatrics
1977;59(4):562-5. [MEDLINE: 322082]

Montini 2008 {published data only}

Hewitt IK, Tomasi L, Pavanello L, Maschio F, Molinari PP,
ToHolo A, et al. Early treatment of acute pyelonephritis
in children fails to reduce renal scarring [abstract no: SA-
PO1100]. Journal of the American Society of Nephrology
2006;17(Abstracts):804A. [CENTRAL: CN-00653791]

Hewitt IK, Zucchetta P, Rigon L, Maschio F, Molinari PP, Tomasi L,
et al. Early treatment of acute pyelonephritis in children
fails to reduce renal scarring: data from the Italian Renal
Infection Study Trials. Pediatrics 2008;122(3):486-90. [MEDLINE:
18762516]

Montini G. Evaluation of the eHectiveness of antibiotic
prophylaxis in children with a history of upper urinary tract
infections: a multi centre randomised study - Protocol. Personal
communication 2004.

Montini G, Rigon L, Gobber D, Zucchetta P, Murer L, Calderan A,
et al. A randomised controlled trial of antibiotic prophylaxis in
children with a previous documented pyelonephritis [abstract
no: OFC35]. Pediatric Nephrology 2004;19(9):C70. [CENTRAL:
CN-00583479]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

* Montini G, Rigon L, Zucchetta P, Fregonese F, ToHolo A,
Gobber D, et al. Prophylaxis aPer first febrile urinary tract
infection in children? A multicenter, randomized, controlled,
noninferiority trial. Pediatrics 2008;122(5):1064-71. [MEDLINE:
18977988]

PRIVENT 2009 {published data only}

Craig J, Hodson E, Reynolds G, Carapetis J, McTaggart S, Irwig L,
et al. A placebo-controlled randomised trial of antibiotics for
the prevention of urinary tract infection in children [abstract
no: SA-PO3072]. Journal of the American Society of Nephrology
2008;19(Abstracts Issue):808A.

Craig J, Simpson J, Lowe A, Reynolds G, McTaggart S, Hodson E,
et al. A placebo-controlled randomized trial of antibiotics for
the prevention of urinary tract infection in children [abstract
no: 087]. Nephrology 2008;13(Suppl 3):A122. [CENTRAL:
CN-00689116]

* Craig JC, Simpson JM, Williams GJ, Lowe A, Reynolds G,
McTaggart SJ, et al. Antibiotic prophylaxis and recurrent urinary
tract infection in children.[Erratum appears in N Engl J Med.
2010 Apr 1;362(13):1250]. New England Journal of Medicine
2009;361(18):1748-59. [MEDLINE: 19864673]

Savage 1973 {published data only}

Savage DC, Howie G, Adler K, Wilson MI. Controlled trial
of therapy in covert bacteriuria of childhood. Lancet
1975;1(7903):358-61. [MEDLINE: 46511]

Savage DC, Wilson MI, McHardy M, Dewar DA, Fee WM. Covert
bacteriuria of childhood. A clinical and epidemiological study.
Archives of Disease in Childhood 1973;48(1):8-20. [MEDLINE:
4685601]

Smellie 1978 {published data only}

Smellie JM, Katz G, Gruneberg RN. Controlled trial of
prophylactic treatment in childhood urinary tract infection.
Lancet 1978;2(8082):175-8. [MEDLINE: 78382]

Stansfeld 1975 {published data only}

Stansfeld JM. Duration of treatment for urinary tract infections
in children. British Medical Journal 1975;3(5975):65-6.
[MEDLINE: 1095132]

 

References to studies excluded from this review

Bergstrom 1968 {published data only}

Bergstrom T, Lincoln K, Redin B, Winberg J. Studies of
urinary tract infections in infancy and childhood. X. Short
or long term treatment in girls with first or second time
urinary tract infections uncomplicated by obstructive
urological abnormalities. Acta Paediatrica Scandinavica
1968;57(3):186-194. [MEDLINE: 4884133]

Bose 1974 {published data only}

Bose W, Karama A, Linzenmeier G, Olbing H, Wellmann P.
Controlled trial of co-trimoxazole in children with urinary tract
infection: bacteriological eHicacy and haematological toxicity.
Lancet 1974;2(7881):614-6. [MEDLINE: 4137593]

Clemente 1994 {published data only}

Clemente E, Solli R, Mei V, Cera R, Caramia G, Carnelli V, et al.
Therapeutic eHicacy and safety of pidotimod in the treatment
of urinary tract infections in children. Arzneimittel-Forschung
1994;44(12A):1490-4. [MEDLINE: 7857349]

Craig 2002 {published data only}

Craig J, Roy L, Sureshkumar P, Burke J, Powell H. Long-term
antibiotics to prevent urinary tract infection in children with
isolated vesicoureteric reflux: a placebo-controlled randomized
trial [abstract no: F-FC014]. Journal of the American Society
of Nephrology 2002;13(September, Program & Abstracts):3A.
[CENTRAL: CN-00444938]

Craig JC, Roy LP, Sureshkumar P, Burke J, Powell H, Hodson EM.
Long-term antibiotics to prevent urinary tract infection
in children with isolated vesicoureteric reflux: a placebo
controlled randomized trial [abstract no: 44]. American Society
of Nephrology 2002;7(Suppl 3):A55. [CENTRAL: CN-00444937]

Espino Hernandez 2012 {published data only}

Espino Hernandez M, Areses R, Garcia Meseguer C, Pena A,
Melgosa M, Ruperez M, et. Antibiotic prophylaxis in high
degree vesicoureteral reflux. Prospective, randomized and
multicentric study, preliminary results [abstract no: P10].
Pediatric Nephrology 2012;27(9):1648-9.

Hernandez ME, Arcos GB, Hijosa MM, Olondriz BO, Pena A,
Do Forno AR, et al. Antibiotic prophylaxis in high degree
vesicoureteral reflux clinical trial and prospective, observational
and multicentric study [abstract no: O80]. Pediatric Nephrology
2014;29(9):1684. [EMBASE: 71662394]

Feldman 1975 {published data only}

Feldman W, Johnson DM, Newberry P, Weldon A, Naidoo S.
Comparison of trimethoprim-sulfamethoxazole with
sulfamethoxazole in urinary tract infections of children.
Canadian Medical Association Journal 1975;112(13 Spec
No):19-21. [MEDLINE: 1093648]

Fennell 1980 {published data only}

Fennell RS, Luengnaruemitchai M, Iravani A, Garin EH,
Walker RD, Richard GA. Urinary tract infections in children:
eHect of short course antibiotic therapy on recurrence
rate in children with previous infections. Clinical Pediatrics
1980;19(2):121-4. [MEDLINE: 7351102]

Fischbach 1989 {published data only}

Fischbach M, Simeoni U, Mengus L, Jehl F, Monteil H, Geisert J,
et al. Urinary tract infections with tissue penetration in children:
cefotaxime compared with amoxycillin/clavulanate. Journal of
Antimicrobial Chemotherapy 1989;24 Suppl B:177-83. [MEDLINE:
2691478]

Garin 2006 {published data only}

Garin E, Olavaria F, Garcia Nieto V, Valenciano Fuente B. Clinical
significance of primary vesicoureteral reflux and urinary
antibiotic prophylaxis aPer acute pyelonephritis [abstract
no: FP-3-1]. Pediatric Nephrology 2007;22(7):1070. [CENTRAL:
CN-00724967]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

18



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Garin EH, Olavarria F, Garcia Nieto V, Valenciano B, Campos A,
Young L. Clinical significance of primary vesicoureteral reflux
and urinary antibiotic prophylaxis aPer acute pyelonephritis:
a multicenter, randomized, controlled study. Pediatrics
2006;117(3):626-32. [MEDLINE: 16510640]

Habeeb Abid 2015 {published data only}

Habeeb Abid M. Comparative study between the use of
dextranomer hyaluronic acid copolymer (Dexel) versus
polyacrylate polyalcohol copolymer (Vantris) in the endoscopic
treatment of vesicoureteral reflux (VUR) in children. European
Urology, Supplements 2015;14(2):e504. [EMBASE: 71831430]

Hari 2015 {published data only}

Hari P, Hari S, Sinha A, Kumar R, Kapil A, Bagga A. Antibiotic
prophylaxis in management of vesicoureteric reflux: a double-
blind placebo controlled trial [abstract no: O-43]. Pediatric
Nephrology 2013;28(8):1363. [EMBASE: 71126984]

Hari P, Hari S, Sinha A, Kumar R, Kapil A, Pandey RM, et al.
Antibiotic prophylaxis in the management of vesicoureteric
reflux: a randomized double-blind placebo-controlled trial.
Pediatric Nephrology 2015;30(3):479-86. [MEDLINE: 25173357]

Lee 2007a {published data only}

Lee SJ, Kim HJ, Shim YH, Lee JW. The eHect of probiotic
prophylaxis for preventing recurrent urinary tract infection in
children with persistent primary vesicoureteral reflux [abstract
no: COD.PP 81]. Pediatric Nephrology 2006;21(10):1542.
[CENTRAL: CN-00724966]

* Lee SJ, Shim YH, Cho SJ, Lee JW. Probiotics prophylaxis in
children with persistent primary vesicoureteral reflux. Pediatric
Nephrology 2007;22(9):1315-20. [MEDLINE: 17530295]

Lindberg 1978 {published data only}

Lindberg U, Claesson I, Hanson LA, Jodal U. Asymptomatic
bacteriuria in schoolgirls. VIII. Clinical course during a 3 year
follow-up. Journal of Pediatrics 1978;92(2):194-9. [MEDLINE:
340626]

Madsen 1973 {published data only}

Madsen ST. Trimethoprim + sulphamethoxazole in urinary
tract infections. Scandinavian Journal of Urology & Nephrology
1973;7(2):184-6. [MEDLINE: 4586340]

Marild 2009 {published data only}

Marild S, Esbjorner E, Kakobsson B, Linne T, Lubeck P, Sjogren I,
et al. Randomised study of cePibuten vs trimethoprim-
sulfamethoxazole in pyelonephritis in children [abstract no:
P466]. Pediatric Nephrology 2004;19(9):C208.

Marild S, Jodal U, Sandberg T. CePibuten versus trimethoprim-
sulfamethoxazole for oral treatment of febrile urinary tract
infection in children. Pediatric Nephrology 2009;24(3):521-6.
[MEDLINE: 18818954]

Mohseni 2013 {published data only}

Mohseni MJ, Aryan Z, Emamzadeh-Fard S, Paydary K, Mofid V,
Joudaki H, et al. Combination of probiotics and antibiotics in
the prevention of recurrent urinary tract infection in children.

Iranian Journal of Pediatrics 2013;23(4):430-8. [MEDLINE:
24427497]

Montini 2007 {published data only}

Hewitt IK, Tomasi L, Pavanello L, Maschio F, Molinari PP,
ToHolo A, et al. Early treatment of acute pyelonephritis
in children fails to reduce renal scarring [abstract no: SA-
PO1100]. Journal of the American Society of Nephrology
2006;17(Abstracts):804A. [CENTRAL: CN-00653791]

Hewitt IK, Zucchetta P, Rigon L, Maschio F, Molinari PP, Tomasi L,
et al. Early treatment of acute pyelonephritis in children
fails to reduce renal scarring: data from the Italian Renal
Infection Study Trials. Pediatrics 2008;122(3):486-90. [MEDLINE:
18762516]

La Scola C, De Mutiis C, Hewitt IK, Puccio G, ToHolo A,
Zucchetta P, et al. DiHerent guidelines for imaging aPer first
UTI in febrile infants: yield, cost, and radiation. Pediatrics
2013;131(3):e665-71. [MEDLINE: 23439905]

Montini G, Murer L, Gobber D, Comacchio S, ToHolo A,
Dall'Amico R, et al. Oral vs initial intravenous antibiotic
treatment of urinary tract infections in children: a multicentre
study [abstract no: W833]. Nephrology Dialysis Transplantation
2003;18(Suppl 4):816-7. [CENTRAL: CN-00446817]

* Montini G, ToHolo A, Zucchetta P, Dall'Amico R, Gobber D,
Calderan A, et al. Antibiotic treatment for pyelonephritis in
children: multicentre randomised controlled non-inferiority
trial. BMJ 2007;335(7616):386-8. [MEDLINE: 17611232]

Montini G, Zucchetta P, Gobber D, Murer L, Rigon L, ToHolo A,
et al. Usefulness of renal radiology and scintigraphy in children
with a first episode of upper urinary tract infection [abstract].
Nephrology Dialysis Transplantation 2003;18(Suppl 4):813.
[CENTRAL: CN-00446818]

Montini G, Zucchetta P, Tomasi L, Talenti E, Rigamonti W,
Picco G, et al. Value of imaging studies aPer a first febrile
urinary tract infection in young children: data from Italian renal
infection study 1. Pediatrics 2009;123(2):e239-46. [MEDLINE:
19139086]

Pennesi 2008 {published data only}

Pennesi M, Peratoner L, Bordugo A, Saccari A, Minisini S,
Travan L. UneHectiveness of antibiotic prophylaxis in children
with vesicoureteral reflux. Preliminary data from a controlled
study [abstract no: MP239]. Nephrology Dialysis Transplantation
2006;21(Suppl 4):iv378. [CENTRAL: CN-00602044]

Pennesi M, Peratoner L, Giacomini A, Traven L, Bordugo A.
UneHectiveness of antibiotic prophylaxis in children with
VUR. Preliminary data from a controlled study [abstract no:
COD.OC 2]. Pediatric Nephrology 2006;21(10):1502. [CENTRAL:
CN-00602043]

Pennesi M, Travan L, Peratoner L, Bordugo A, Cattaneo A,
Ronfani L, et al. Is antibiotic prophylaxis in children with
vesicoureteral reflux eHective in preventing pyelonephritis
and renal scars? A randomized, controlled trial. Pediatrics
2008;121(6):e1489-94. [MEDLINE: 18490378]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Pisani 1982 {published data only}

Pisani E, Pavone-Macaluso M, Rocco F, Piaia F, Pirozzi F,
Rotolo U, et al. Kelfiprim, a new sulpha-trimethoprim
combination, versus cotrimoxazole, in the treatment of urinary
tract infections: a multicentre, double-blind trial. Urological
Research 1982;10(1):41-4. [MEDLINE: 7041395]

Ray 1970 {published data only}

Ray CG, Ching YC, ShurtleH DB, Hill ML, Ansell JS, Wedgwood RJ.
Chronic urinary tract infections in children: a double-blind
study of medical management. Pediatrics 1970;45(3):456-61.
[MEDLINE: 4910093]

RIVUR 2008 {published data only}

Carpenter MA, Hoberman A, Mattoo TK, Mathews R, Keren R,
Chesney RW, et al. The RIVUR trial: profile and baseline clinical
associations of children with vesicoureteral reflux. Pediatrics
2013;132(1):e34-45. [MEDLINE: 23753091]

Chesney RW, Carpenter MA, Moxey-Mims M, Nyberg L,
Greenfield SP, Hoberman A, et al. Randomized Intervention
for Children With Vesicoureteral Reflux (RIVUR): background
commentary of RIVUR investigators. Pediatrics 2008;122 Suppl
5:S233-9. [MEDLINE: 19018047]

Edmonson MB, EickhoH JC. Weight gain and obesity in
infants and young children exposed to prolonged antibiotic
prophylaxis. JAMA Pediatrics 2017;171(2):150-6. [MEDLINE:
28027334]

Greenfield S, Carpenter M, Hoberman A, Mattoo T, Mathews R,
Keren R, et al. The RIVUR trial: baseline demographic and
clinical characteristics [abstract no: 641]. Journal of Urology
2013;189(4 Suppl 1):e262. [EMBASE: 71031583]

Greenfield SP, Carpenter MA, Chesney RW, Zerin JM, Chow J.
The RIVUR voiding cystourethrogram pilot study: experience
with radiologic reading concordance. Journal of Urology
2012;188(4 Suppl):1608-12. [MEDLINE: 22910235]

Keren R. Pediatrics. RIVUR trial. Introduction. Pediatrics
2008;122 Suppl 5:S231-2. [MEDLINE: 19086141]

Keren R, Carpenter M, Greenfield S, Hoberman A, Mathews R,
Mattoo T, et al. Is antibiotic prophylaxis in children with
vesicoureteral reflux eHective in preventing pyelonephritis
and renal scars? A randomized, controlled trial. Pediatrics
2008;122(6):1409-10. [MEDLINE: 19047267]

Keren R, Carpenter MA, Hoberman A, Shaikh N, Mattoo TK,
Chesney RW, et al. Rationale and design issues of the
Randomized Intervention for Children With Vesicoureteral
Reflux (RIVUR) study. Pediatrics 2008;122 Suppl 5:S240-50.
[MEDLINE: 19018048]

Keren R, Shaikh N, Pohl H, Gravens-Mueller L, Ivanova A,
Zaoutis L, et al. Risk factors for recurrent urinary tract infection
and renal scarring. Pediatrics 2015;136(1):e13-e21. [MEDLINE:
26055855]

Mattoo T, Carpenter M, Chesney R, Greenfield S, Hoberman A,
Keren R, et al. Screening and enrolling children with
vesicoureteral reflux: preliminary data from the RIVUR

trial [abstract no: PS3-SAT-522]. Pediatric Nephrology
2011;26(9):1729-30. [EMBASE: 70530954]

Mattoo TK. Randomized Intervention for Children with
Vesicoureteral Reflux (RIVUR) Trial [abstract]. 2nd Gothenburg
Conference on Vesicoureteral Reflux; 2015 Jun 11-12; Goteborg,
Sweden. 2015:8.

Mattoo TK, Carpenter MA, Moxey-Mims M, Chesney RW, RIVUR
Trial. The RIVUR trial: a factual interpretation of our data.
Pediatric Nephrology 2015;30(5):707-12. [MEDLINE: 25558811]

Mattoo TK, Chesney RW, Greenfield SP, Hoberman A, Keren R,
Mathews R, et al. Renal scarring in the Randomized Intervention
for Children with Vesicoureteral Reflux (RIVUR) Trial. Clinical
Journal of the American Society of Nephrology: CJASN
2016;11(1):54-61. [MEDLINE: 26555605]

Nelson CP, Hoberman A, Shaikh N, Keren R, Mathews R,
Greenfield SP, et al. Antimicrobial resistance and urinary
tract infection recurrence. Pediatrics 2016;137(4):e20152490.
[MEDLINE: 26969273]

Perez-Gaxiola G. Antibiotic prophylaxis reduced symptomatic
urinary tract infection in children with vesicoureteral reflux,
but not scarring. Archives of Disease in Childhood Education &
Practice 2015;100(1):52. [MEDLINE: 25073466]

Pierce K, Hains DS, Creacy S, Schwaderer AL, Becknell B,
Spencer JD. Polymorphisms in antimicrobial peptide,
ribonuclease 7, associate with urinary tract infection risk
[abstract no: FR-OR089]. Journal of the American Society of
Nephrology 2016;27(Abstract Suppl):55A.

* RIVUR Trial Investigators, Hoberman A, Greenfield SP,
Mattoo TK, Keren R, Mathews R, et al. Antimicrobial prophylaxis
for children with vesicoureteral reflux. New England Journal of
Medicine 2014;370(25):2367-76. [MEDLINE: 24795142]

SchaeHer AJ, Chow JS, Ivanova A, Cui G, Greenfield SP,
Zerin JM, et al. Variation in the level of detail in pediatric
voiding cystourethrogram reports. Journal of Pediatric Urology
2017;13(3):257-62. [MEDLINE: 28277235]

SchaeHer AJ, Greenfield SP, Ivanova A, Cui G, Zerin JM, Chow JS,
et al. Reliability of grading of vesicoureteral reflux and other
findings on voiding cystourethrography. Journal of Pediatric
Urology 2017;13(2):192-8. [MEDLINE: 27666144]

Schwaderer AL, Wang H, Kim S, Kline JM, Liang D, Brophy PD,
et al. Polymorphisms in alpha-defensin-Encoding DEFA1A3
associate with urinary tract infection risk in children with
vesicoureteral reflux. Journal of the American Society of
Nephrology 2016;27(10):3175-86. [MEDLINE: 26940096]

Seideman C, Lotan Y, Palmer L. Cost eHectiveness of
antimicrobial prophylaxis for children in the RIVUR trial
[abstract no: MP54-03]. Journal of Urology 2015;193(4 Suppl
1):e665. [EMBASE: 71859344]

Shaikh N, Hoberman A, Keren R, Gotman N, Docimo SG,
Mathews R, et al. Recurrent urinary tract infections in
children with bladder and bowel dysfunction. Pediatrics
2016;137(1):e20152982. [MEDLINE: 26647376]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Shaikh N, Hoberman A, Keren R, Ivanova A, Gotman N,
Chesney RW, et al. Predictors of antimicrobial resistance among
pathogens causing urinary tract infection in children. Journal of
Pediatrics 2016;171:116-21. [MEDLINE: 26794472]

Shaikh N, Hoberman A, Keren R, Ivanova A, Ziessman HA,
Cui G, et al. Utility of sedation for young children undergoing
dimercaptosuccinic acid renal scans. Pediatric Radiology
2016;46(11):1573-8. [MEDLINE: 27287454]

Shaikh N, Mattoo TK, Keren R, Ivanova A, Cui G, Moxey-
Mims M, et al. Early antibiotic treatment for pediatric febrile
urinary tract infection and renal scarring. JAMA Pediatrics
2016;170(9):848-54. [MEDLINE: 27455161]

Williams G, Craig JC. Randomised controlled trial: RIVUR trial
oHers confirmatory evidence for a small but real benefit of
antibiotics for UTI prevention in children. Evidence-Based
Medicine 2014;19(6):229-30. [EMBASE: 2014919971]

Ziessman HA, Majd M. Importance of methodology on
(99m)technetium dimercapto-succinic acid scintigraphic
image quality: imaging pilot study for RIVUR (Randomized
Intervention for Children With Vesicoureteral Reflux)
multicenter investigation. Journal of Urology 2009;182(1):272-9.
[MEDLINE: 19450818]

Roussey-Kesler 2008 {published data only}

De Cunto A, Pennesi M, Salierno P. Re: Antibiotic prophylaxis for
the prevention of recurrent urinary tract infection in children
with low grade vesicoureteral reflux: results from a prospective
randomized study: G. Roussey-Kesler, V. Gadjos, N. Idres, B.
Horen, L. Ichay, M. D. Leclair, F. Raymond, A. Grellier, I. Hazart,
L. De parscau, R. Salomon, G. Champion, V. Leroy, V. Guigonis,
D. Siret, J. B. Palcoux,S. Taque, A. Lemoigne, J. M. Nguyen
and C. Guyot. J Urol 2008; 179: 674-679. Journal of Urology
2008;180(5):2258-9. [MEDLINE: 18804797]

Roussey-Kesler G, Gadjos V, Idres N, Horen B, Guyot C. Antibiotic
prophylaxis for the prevention of urinary tract infection in
children with low grade vesicoureteral reflux: results from a
prospective randomized study [abstract no: 204]. Pediatric
Nephrology 2007;22(9):1450. [CENTRAL: CN-00689078]

* Roussey-Kesler G, Gadjos V, Idres N, Horen B, Ichay L,
Leclair MD, 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. Journal of Urology 2008;179(2):674-9. [MEDLINE:
18082208]

Sanchez-Bayle 1983 {published data only}

Sanchez Bayle M, Barrio Perez ML, Estepa Soto MR, Lopez
Verde YL. Prophylactic treatment of urinary tract infection
in childhood [Eleccion de trattamiento en las infecciones
urinarias recurrentes en la infancia]. Annals Espanola Pediatrica
1984;20(1):28-32. [EMBASE: 14151026]

Swedish Reflux 2010 {published data only}

Brandstrom P. Swedish Reflux Trial: a follow-up [abstract]. 2nd
Gothenburg Conference on Vesicoureteral Reflux; 2015 Jun
11-12; Goteborg, Sweden. 2015:13.

Brandstrom P, Esbjorner E, Herthelius M, Holmdahl G,
Lackgren G, Neveus T, et al. The Swedish reflux trial in children:
I. Study design and study population characteristics.[Erratum
appears in J Urol. 2011 Jan;185(1):365]. Journal of Urology
2010;184(1):274-9. [MEDLINE: 20478580]

* Brandstrom P, Esbjorner E, Herthelius M, Swerkersson S,
Jodal U, Hansson S. The Swedish reflux trial in children:
III. Urinary tract infection pattern. Journal of Urology
2010;184(1):286-91. [MEDLINE: 20488494]

Brandstrom P, Hansson S. Growth in children with dilating VUR
- a follow up of the Swedish Reflux Trial [abstract no: P-SAT044].
Pediatric Nephrology 2013;28(8):1391. [EMBASE: 71127064]

Brandstrom P, Jodal U, Sillen U, Hansson S. The Swedish reflux
trial: review of a randomized, controlled trial in children with
dilating vesicoureteral reflux. Journal of Pediatric Urology
2011;7(6):594-600. [MEDLINE: 21807562]

Brandstrom P, Neveus T, Sixt R, Stokland E, Jodal U, Hansson S.
The Swedish reflux trial in children: IV. Renal damage. Journal of
Urology 2010;184(1):292-7. [MEDLINE: 20494369]

Holmdahl G, Brandstrom P, Lackgren G, Sillen U, Stokland E,
Jodal U, et al. The Swedish reflux trial in children:
II. Vesicoureteral reflux outcome. Journal of Urology
2010;184(1):280-5. [MEDLINE: 20488469]

Neveus T, Brandstrom P, Linner T, Jodal U, Hansson S. Parental
experiences and preferences regarding the treatment of
vesicoureteral reflux. Scandinavian Journal of Urology &
Nephrology 2012;46(1):26-30. [MEDLINE: 22008041]

Sillen U, Brandstrom P, Jodal U, Holmdahl G, Sandin A,
Sjoberg I, et al. The Swedish reflux trial in children: v. Bladder
dysfunction. Journal of Urology 2010;184(1):298-304. [MEDLINE:
20488486]

Zegers 2011 {published data only}

* Zegers B, Uiterwaal C, Kimpen J, van Gool J, de Jong T,
Winkler-Seinstra P, et al. Antibiotic prophylaxis for urinary
tract infections in children with spina bifida on intermittent
catheterization. Journal of Urology 2011;186(6):2365-70.
[MEDLINE: 22019031]

Zegers SH, 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.[Erratum appears in BMC Infect Dis. 2017 Feb 27;17
(1):175; PMID: 28241750]. BMC Infectious Diseases 2017;17(1):63.
[MEDLINE: 28081719]

 

Additional references

Bergstrom 1972

Bergstrom T. Sex diHerences in childhood urinary tract
infection. Archives of Disease in Childhood 1972;47(252):227-32.
[MEDLINE: 4554084]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

21



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Coulthard 1997

Coulthard MG, Lambert HJ, Keir MJ. Occurrence of renal scars in
children aPer their first referral for urinary tract infection. BMJ
1997;315(7113):918-9. [MEDLINE: 9361542]

Craig 1998

Craig JC, Irwig LM, Knight JF, Sureshkumar P, Roy LP.
Symptomatic urinary tract infection in preschool Australian
children. Journal of Paediatrics & Child Health 1998;34(2):154-9.
[MEDLINE: 9588640]

Dai 2010

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. Archives of Diseases in
Childhood 2010;95(7):499-508. [MEDLINE: 20457696]

GRADE 2008

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P, et al. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ
2008;336(7650):924-6. [MEDLINE: 18436948]

GRADE 2011

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al.
GRADE guidelines: 1. Introduction-GRADE evidence profiles and
summary of findings tables. Journal of Clinical Epidemiology
2011;64(4):383-94. [MEDLINE: 22818160]

Hellerstein 1982

Hellerstein S. Recurrent urinary tract infections in children.
Pediatric Infectious Disease 1982;1(4):271-81. [MEDLINE:
6757892]

Hellstrom 1991

Hellstrom A, Hanson E, Hansson S, Hjalmas K, Jodal U.
Association between urinary symptoms at 7 years old and
previous urinary tract infection. Archives of Disease in Childhood
1991;66(2):232-4. [MEDLINE: 2001110]

Higgins 2003

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327(7414):557-60.
[MEDLINE: 12958120]

Higgins 2011

Higgins JP, Green S (editors). Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updated
March 2011]. The Cochrane Collaboration, 2011. Available from
www.cochrane-handbook.org.

Le Saux 2000

Le Saux, Pham B, Moher D. Evaluating the benefits of
antimicrobial prophylaxis to prevent urinary tract infections
in children: a systematic review. CMAJ Canadian Medical
Association Journal 2000;163(5):523-9. [MEDLINE: 11006762]

Mathew 2010

Mathew JL. Antibiotic prophylaxis following urinary tract
infection in children: a systematic review of randomized

controlled trials. Indian Pediatrics 2010;47(7):599-605.
[MEDLINE: 20683113]

Mori 2009

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
Pediatrica 2009;98(11):1781-6. [MEDLINE: 19627258]

Nagler 2011

Nagler EV, Williams G, Hodson EM, Craig JC. Interventions for
primary vesicoureteric reflux. Cochrane Database of Systematic
Reviews 2011, Issue 6. [DOI: 10.1002/14651858.CD001532.pub4]

Rushton 1997

Rushton HG. Urinary tract infections in children. Epidemiology,
evaluation and management. Pediatric Clinics of North America
1997;44(5):1133-69. [MEDLINE: 9326956]

Schünemann 2011a

Schünemann HJ, Oxman AD, Higgins JP, Vist GE, Glasziou P,
Guyatt GH. Chapter 11: Presenting results and 'Summary of
findings' tables. In: Higgins JP, Green S (editors). Cochrane
Handbook for Systematic Reviews of Interventions Version
5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011.
Available from www.cochrane-handbook.org.

Schünemann 2011b

Schünemann HJ, Oxman AD, Higgins JP, Deeks JJ, Glasziou P,
Guyatt GH. Chapter 12: Interpreting results and drawing
conclusions. In: Higgins JP, Green S (editors). Cochrane
Handbook for Systematic Reviews of Interventions Version
5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011.
Available from www.cochrane-handbook.org.

Winberg 1975

Winberg J, Bergstrom T, Jacobsson B. Morbidity, age and sex
distribution, recurrences and renal scarring in symptomatic
urinary tract infection in childhood. Kidney International -
Supplement 1975;4:S101-6. [MEDLINE: 1104973]

 

References to other published versions of this review

Williams 2001

Williams GJ, Lee A, Craig JC. Long-term antibiotics for
preventing recurrent urinary tract infection in children.
Cochrane Database of Systematic Reviews 2001, Issue 4. [DOI:
10.1002/14651858.CD001534]

Williams 2006

Williams G, Wei L, Lee A, Craig JC. Long-term antibiotics
for preventing recurrent urinary tract infection in children.
Cochrane Database of Systematic Reviews 2006, Issue 3. [DOI:
10.1002/14651858.CD001534.pub2]

Williams 2011

Williams G, Craig JC. Long-term antibiotics for preventing
recurrent urinary tract infection in children. Cochrane
Database of Systematic Reviews 2011, Issue 3. [DOI:
10.1002/14651858.CD001534.pub3]

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

22

https://doi.org/10.1002%2F14651858.CD001532.pub4
https://doi.org/10.1002%2F14651858.CD001534
https://doi.org/10.1002%2F14651858.CD001534.pub2
https://doi.org/10.1002%2F14651858.CD001534.pub3


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

  * Indicates the major publication for the study
 

C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods • Study design: cross-over RCT

• Duration of study: not reported

• Duration of follow-up: 1 year

Participants • Country: Greece

• Setting: single centre

• Children aged 1 month to 5 years recruited after hospitalisation for first febrile UTI; indications for
prophylaxis included VUR, anatomical abnormalities of urinary tract and neurogenic bladder

• Mean age (range): 13.6 months (1 to 60 months)

• Sex (M/F) 54/43

• Exclusion criteria: G6PD deficiency; allergy to cotrimoxazole or cephalosporins; congenital or ac-
quired immunodeficiency; already on prophylactic antibiotics

Interventions Treatment group 1

• TMP: 2 mg/kg once daily at night for 6 months

Treatment group 2

• Cefuroxime axetil (10 mg/kg), cefprozil (10 mg/kg), or cefaclor (15 mg/kg) for 6 months

Outcomes • Prevalence of repeat UTI

• Time to break through UTI

• Bacterial sepsis

• Resistance to antibiotics used

Notes • Data could not be included in analyses, not separated into first cross-over

• Data were reported as number of courses of antibiotics, not children

• Funding source: "This study was not funded by any source"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk States "randomized at a ratio of 1:1”, method of randomisation not reported

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 

Unclear risk Unable to determine numbers because reported as courses of antibiotics, not
children

Antachopoulos 2016 
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All outcomes

Selective reporting (re-
porting bias)

High risk Appropriate outcomes but unable to use data as results reported as courses of
antibiotics, not children

Other bias Unclear risk Many details missing and few descriptives of included children

Antachopoulos 2016  (Continued)

 
 

Methods • Study design: parallel open-label RCT

• Duration of study: 2000 to 2002

• Follow-up: 6 months

Participants • Country: Lithuania

• Setting: single centre

• Incidence of acute pyelonephritis acute > 2 times/year, acute or chronic pyelonephritis with urinary
tract obstruction symptoms (e.g. hydronephrosis) or VUR, chronic latent cystitis

• Number: treatment group 1 (15); treatment group 2 (18)

• Mean age ± SD (years): treatment group 1 (8.4 ± 2.3); treatment group 2 (7.8 ± 3.5)

• Sex (M/F): treatment group 1 (0/15); treatment group 2 (1/17)

• Exclusion criteria: acute pyelonephritis without urinary tract obstruction characteristic; acute cysti-
tis; source of infection agent Pseudomonas; cefadroxil allergic children; increased susceptibility to
cephalosporins

Interventions Treatment group 1

• Cefadroxil: 12.5 to 15 mg/kg every night for 6 months

Treatment group 2

• Cefadroxil: 12.5 to 15 mg/kg on alternate nights for 6 months

Outcomes • Repeat positive urine culture

• Adverse effect; nausea

• Day/night time wetting

Notes • Translated from Lithuanian

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label study

Baciulis 2003 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The paper does not clearly state whether more children were enrolled than are
reported, so it is unclear whether there is any missing data

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement

Other bias Unclear risk Insufficient information to permit judgement; funding source not reported

Baciulis 2003  (Continued)

 
 

Methods • Study design: parallel RCT

• Duration of study: not reported

• Duration of follow-up: 6 months

Participants • Country; Iran

• Setting: 2 hospitals

• Children attending a nephrology clinic or ward requiring prophylactic antibiotics

• Number: treatment group 1 (50); treatment group 2 (52)

• Age range: 1 to 15 years

• Sex (M/F): not reported

• Exclusion criteria: not reported

Interventions Treatment group 1

• Nalidixic acid: at night for 6 months (dose not reported)

Treatment group 2

• Cotrimoxazole: at night for 6 months (dose not reported)

Outcomes • Screen detected positive culture, no details provided on microbiological definition or presence of
symptoms

Notes • Abstract only publication very few details

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Beiraghi Toosi 2011 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement

Other bias Unclear risk Insufficient information to permit judgement; funding source not reported

Beiraghi Toosi 2011  (Continued)

 
 

Methods • Study design: parallel RCT

• Duration of study: 1998 to 2000

• Duration of follow-up: 6 months

Participants • Country: Turkey

• Setting: single centre

• Children with recurrent UTI and no underlying urinary pathology; no definitions of UTI; urine samples
screened at visits; no children with VUR

• Number: treatment group 1 (21); treatment group 2 (25); treatment group 3 (34)

• Mean age ± SE (years): treatment group 1 (7.7 ± 0.9); treatment group 2 (4.3 ± 0.7); treatment group
3 (4.4 ± 0.6)

• Sex (M/F): treatment group 1 (4/17); treatment group 2 (7/18); treatment group 3 (2/32)

• Exclusion criteria: not reported

Interventions Treatment group 1

• TMP/SMX: 1 to 2 mg/kg for 3 months

Treatment group 2

• Cefadroxil: 5 mg/kg for 3 months

Treatment group 3

• Cefprozil: 5 mg/kg for 3 months

Outcomes • Repeat symptomatic UTI

• Asymptomatic UTI

• Adverse reactions

Notes • 20 excluded after randomisation: TMP/SMX (12); cefadroxil (8) (did not come to check-ups or did not
use the drug regularly during prophylaxis)

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details of how sequence was generated, states randomised by drawing lots

Belet 2004 
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Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing data evident, no losses during follow-up reported

Selective reporting (re-
porting bias)

Low risk Primary outcome is appropriate

Other bias High risk Age of TMP/SMX group was significantly higher than the other two groups

Belet 2004  (Continued)

 
 

Methods • Study design: parallel RCT

• Duration of study: 1982 to 1986

• Duration of follow-up: 6 months

Participants • Country: Denmark

• Setting: multicentre (7)

• Children with UTI in the previous year were included; stratified by urography
* VUR: 30; abnormal urography: 30

• Number (analysed/randomised): 120/130; treatment group 1 (67/60); treatment group 2 (63/60)

• Mean age (range): 7.5 years (1 to 14)

• Sex (M/F): 4/126

• Exclusion criteria: SCr > 120 μmol/L; myelomeningocele; obstruction to flow; immunodeficiency; al-
lergic reactions to nitrofurantoin or TMP; concomitant antibiotic treatment

Interventions Treatment group 1

• Nitrofurantoin: 1 to 1.5 mg/kg for a mean of 5.6 months

Treatment group 2

• TMP: 2 to 3 mg/kg for a mean of 5.9 months

Outcomes • Number of repeat infections/group

• Number of children who discontinued antibiotics due to adverse reactions

Notes • Urine screened every month and if the child developed symptoms. Discussion states they did not
record symptoms so cannot distinguish between asymptomatic UTI and symptomatic UTI

• Separate outcomes for abnormal urography, reflux and normal children presented in paper

• 10 children withdrew from study prior to 1st urine collection; nitrofurantoin (7); TMP (3)

• Initial UTI defined a clean-catch midstream urine > 100,000 CFU/mL

• Funding source: "The Danish Medical Research Council (no. 5521 11 1 and no. 5521486)"

Brendstrup 1990 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Does not state how sequence was generated

Quote: "randomised by the local hospital"

Allocation concealment
(selection bias)

Low risk Allocation by external group

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Two antibiotics were delivered in indistinguishable mixtures, suggests blind-
ing

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 7/60 in nitrofurantoin group, and 3/60 in trimethoprim group excluded from
analysis, only included in the evaluation of side effects

Selective reporting (re-
porting bias)

High risk Primary outcome is positive culture rather than symptomatic UTI

Other bias Unclear risk Insufficient information to permit judgement

Brendstrup 1990  (Continued)

 
 

Methods • Study design: cross-over RCT

• Duration of study: not reported

• Duration of follow-up: 12 to 14 months

Participants • Country: Denmark

• Setting: single centre

• Children with either VUR (17 children) or a history of recurrent UTI defines as ≥ 3 episodes in 12 months
or 2 episodes in 6 months (18 children)

• Number: 35

• Age: 1 to 13 years

• Sex (M/F): 4/31

• Exclusion criteria: previous intolerance to nitrofurantoin; VUR > grade 3

Interventions Treatment group 1

• Pivmecillinam
* 100 mg/d for children < 6 years

* 200 mg/d for children > 6 years

Treatment group 2

• Nitrofurantoin: 1.5 mg/kg/d

Cross-over

Carlsen 1985 
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• 6 to 10 months for 1st antibiotic, crossed over to 2nd antibiotic for 6 months

Outcomes • Number of repeat positive urine cultures

• Tolerance/side effects

• Changes in faecal flora

Notes • Urine samples screened each visit

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details reported

Allocation concealment
(selection bias)

Unclear risk States "randomly allocated' but no other details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Withdrawals detailed, 11/35 did not complete the study and were not analysed

Selective reporting (re-
porting bias)

High risk Primary outcome is positive culture, not symptomatic UTI

Other bias Unclear risk Many details missing

Carlsen 1985  (Continued)

 
 

Methods • Study design: parallel RCT

• Recruitment period; 2004 to 2006

• Duration of follow-up: 6 months

Participants • Country: Iran

• Setting: single centre

• Previous UTI, no previous prophylaxis; aged 3 months to 12 years; normal kidney function, at least one
of the following: > 3 UTI/year, VUR grades 1 to 4, obstructive lesions, other anatomical abnormalities,
or aged < 1 year

• Number/VUR: treatment group 1 (66/31); treatment group 2 (66/26)

• Mean age, range: treatment group 1 (3.8 years, 3 months to 12 years); treatment group 2 (4.4 years,
4 months to 11 years)

• Sex (M/F): treatment group 1 (23/43); treatment group 2 (13/53)

• Exclusion criteria: Impaired kidney function; contraindication for nitrofurantoin or TMP/SMX (e.g.
G6PD deficiency); any side effects of drugs

Falakaflaki 2007 
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Interventions Treatment group 1

• TMP/SMX: 2 mg/kg/d for 6 months

Treatment group 2

• Nitrofurantoin: 1 to 2mg/kg/d for 6 months

Outcomes • Repeat symptomatic UTI (culture + fever or other symptoms)

Notes • Included bag samples

• Patients kept on the study after a recurrence, and changed prophylaxis type if recurrence was with a
bacterial agent resistant to their allocated treatment

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No withdrawals or loss to follow up stated, unsure of completeness of report-
ing

Selective reporting (re-
porting bias)

Low risk Primary outcome symptomatic UTI

Other bias Unclear risk Many details not reported, difficult to determine

Falakaflaki 2007  (Continued)

 
 

Methods • Study design: 4-arm RCT

• Duration of study: May 2006 to January 2010

• Duration of follow-up: 12 months

Participants • Country: Turkey

• Setting: single centre

• Uncircumcised boys < 3 years with grade 1-3 VUR after 1st febrile UTI

• Number: group 1 (46); group 2 (45); group 3 (47); group 4 (59)
* VUR: 99

* Healthy boys: 117

Gucuk 2013 
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• Mean age ± SD (months): group 1 (19.10 ± 9.4); group 2 (19.77 ± 9.12); group 3 (20.55 ± 9.47); group 4
(18.76 ± 8.76)

• Exclusion criteria: recently received antibiotic treatment for any reason; phimosis; balanitis; urinary
tract pathology (neurogenic bladder, bladder diverticula, ureterocele); high grade VUR (III to V); allergy
to sulphonamide

Interventions Group 1 (with VUR)

• TMP/SMX: 2/10 mg/kg once/day for 12 months

Group 2 (with VUR)

• Antibiotics: 2/10 mg/kg TMP/SMX once/day for 12 months

• Circumcision

Group 2 (healthy boys)

• Circumcision

Group 2 (healthy boys)

• Observation only (no antibiotics and no circumcision)

Outcomes • Repeat symptomatic UTI

• Repeat positive culture

• Peri-urerethral colonization

• No data on microbial resistance

Notes • Circumcision was performed using the dorsal-ventral slit technique in the operating room with ade-
quate analgesia or sedation

• Funding source: not reported

• Boys with VUR were randomised into 2 groups; boys without VUR randomised into 2 groups so can't
use data across all 4 groups. Boys without VUR were not given antibiotics so no data available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 19 boys lost to follow-up and no data reported

Selective reporting (re-
porting bias)

Low risk Clinically relevant outcome of repeat symptomatic UTI was reported

Gucuk 2013  (Continued)
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Other bias Unclear risk Uncertain generalisability because uncertain of the selection process for the
study

Gucuk 2013  (Continued)

 
 

Methods • Study design: parallel, open-label RCT

• Duration of study: not reported

• Duration of follow-up: 6 to 12 months

Participants • Country: Germany

• Setting: single centre

• Girls with at least 2 UTIs in the last 12 months

• Number (analysed/randomised): treatment group 1 (27/29); treatment group 2 (30/31)

• Age range: 1 to 11 years

• VUR: not reported

• Exclusion criteria: existing UTI or < 2 UTIs within the previous year; pyelonephritis; urolithiasis; neu-
rogenic bladder; urinary tract obstruction

Interventions Treatment group 1

• Cefixime: 2 mg/kg for 6 to 12 months

Treatment group 2

• Nitrofurantoin: 1 mg/kg for 6 to 12 months

Outcomes • Number of repeat clinical infections (not all culture verified)

• Number of children who experienced adverse reactions of treatment

Notes • Initial UTI diagnosed by MSU > 100,000 CFU/mL

• Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk External to investigators, managed by department of statistics university clinic

Allocation concealment
(selection bias)

Unclear risk Allocation managed by department and examining physician

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 2/60 lost to follow-up accounted for

Lettgen 2002 
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Selective reporting (re-
porting bias)

High risk Primary outcome is clinical diagnosis, not all were culture verified

Other bias Unclear risk Many methodological details missing, uncertain of other biases

Lettgen 2002  (Continued)

 
 

Methods • Study design: open-label parallel RCT

• Duration of study: not reported

• Duration of follow-up: 12 months

Participants • Country: Argentina

• Setting: single centre

• Children > 3 years; history of recurrent UTI; toilet trained with no uropathy; normal creatinine; normal
renal ultrasound; no antibiotic prophylaxis in past 6 months

• Number: treatment group (26); control group (24)

• Mean age (range): 4.6 years (3 to 7 years)

• Sex (M/F): treatment group (8/18); control group (11/13)

• Exclusion criteria: pyelonephritis with scarring; VUR; synechiae phimosis; non-corrected labia minora

Interventions Treatment group (one of 3 antibiotics)

• TMP/SMX: 2 mg/kg once/night OR

• Nitrofurantoin: 2 mg/kg once/night OR

• Cephalexin: 25 mg/kg once/night

Control group

• No treatment, monthly urine sample tests

Outcomes • Incidence rate of UTI

• Month of UTI episode

• Correlation coefficients with predisposing factors

• No data on adverse events or microbial resistance

Notes • Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed using the statistical program EPIDAT.3.0, creat-
ing two groups

Allocation concealment
(selection bias)

Low risk Allocation was unlikely to be manipulated but treatment arm was known

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Insufficient information to permit judgement

Liern 2011 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 8/58 lost to follow-up, no data given

Selective reporting (re-
porting bias)

High risk Unclear reporting of repeat symptomatic UTIs

Other bias Unclear risk Translation is imperfect and might contribute to uncertainty in details

Liern 2011  (Continued)

 
 

Methods • Study design: cross-over RCT

• Duration of study: not reported

• Duration of follow-up: 12 months

Participants • Country: USA

• Setting: single centre

• Girls with at least 3 culture-proven episodes of bacteriuria in the previous year; no evidence of
parenchymal damage or gross structural abnormality requiring surgery

• Number: 18

• Mean age (range): 6.4 years (3 to 13 years)

• VUR: 1

• Previously undergone urinary tract surgery for urethral dilatation: 4

• Exclusion criteria: G6PD deficiency

Interventions Treatment group

• Nitrofurantoin
* 50 mg/d for children > 20 kg

* 25 mg/d for children < 20 kg

Control group

• Placebo tablets matched to both tablet sizes

Cross-over

• Antibiotic or placebo for 6 months then crossed over to alternate for 6 further months

Outcomes • Number of repeat symptomatic and asymptomatic infections/group

Notes • Funding source: "Supported in part by a grant from Eaton Laboratories"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Low risk States the code was unknown to investigators

Lohr 1977 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Matching placebo used so couldn't tell which drug the child was taking

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No missing data apparent

Selective reporting (re-
porting bias)

Unclear risk Single outcome of bacteriuria, appears to have included symptomatic and
asymptomatic events

Other bias Unclear risk Methodology details poorly reported

Lohr 1977  (Continued)

 
 

Methods • Study design: open-label parallel RCT

• Duration of study: May 2000 to August 2006

• Duration of follow-up: 12 months

Participants • Country: Italy

• Setting: multicentre (22 sites)

• Children with normal kidney function and 1st febrile UTI, pyuria ≥ 25 cells/µL on 2 consecutive urine

samples and urine culture 1 organism ≥ 108 CFU/L on 2 consecutive bag samples; 2 urinalysis results
had to be concordant; symptoms had to at least 2 of: fever > 38°C, ESR > 30 mm in 1 standard hour or
CRP ≥ 3 times upper limit of normal and neutrophil count above normal

• Number: treatment group (127); control group (211)

• Mean age ± SD (months): treatment group (14.7 ± 15.5); control group (14.7 ± 15.5)

• Sex (M/F): treatment group (37/90); control group (67/144)

• Exclusion criteria: complex urologic malformations, and/or severe renal damage (DMSA < 30% relative
function).

Interventions Treatment group 1

• Cotrimoxazole or co-amoxiclav: 15 mg/kg/d for 12 months

Control group

• No treatment

Outcomes • Repeat febrile UTI

• Repeat positive urine culture

Notes • Funding source: "This study was supported by Region of Veneto (research project 40/01) and associ-
ation Il Sogno di Stefano (Stephen’s Dream)."

Risk of bias

Bias Authors' judgement Support for judgement

Montini 2008 
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Random sequence genera-
tion (selection bias)

Low risk Computer generated by the coordinating centre

Allocation concealment
(selection bias)

Low risk Allocation unable to be manipulated

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded, open label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Unsure for UTI, DMSA scans read blind to treatment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Lost to follow-up accounted for (10/127 and 16/211)

Selective reporting (re-
porting bias)

Low risk Primary outcome appropriate

Other bias Low risk Well reported study

Montini 2008  (Continued)

 
 

Methods • Study design: parallel RCT

• Duration of study: December 1998 to March 2007

• Duration of follow-up:

Participants • Country: Australia

• Setting: multicentre (4 sites)

• Children from birth to 18 years with one or more symptomatic and microbiologically proven UTI; any
grade of VUR (243 with VUR)

• Number: treatment group (288); control group (288)

• Median age (months): treatment group (13.1); control group (14.5)

• Sex (M/F): treatment group (105/183); control group (102/186)

• Exclusion criteria: known neurologic, skeletal, or urologic predisposing cause or known contraindica-
tion to TMP/SMX

Interventions Treatment group

• TMP/SMX: 2/10 mg/kg/day for 12 months

Control group

• Colour and taste matched placebo in the same volume for 12 months

Outcomes • Symptomatic UTI within 12 months

• Febrile UTI

• Hospitalisation for UTI

• Hospitalisation for non-UTI illnesses

• Deterioration of parenchyma, detected by DMSA

PRIVENT 2009 
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Notes • Review authors are investigators and authors on this trial - data was extracted by an independent
person

• Funding source: "Supported by grants from the National Health and Medical Research Council of Aus-
tralia (990735, 301999, and 402764) and from the Financial Markets Foundation for Children of Aus-
tralia (058-2003) and by a private donation by J.T. Honan of the Manildra Group"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generated by external, independent facility

Allocation concealment
(selection bias)

Low risk Externally managed without the possibility of interference from patients, par-
ents, health care providers or researchers

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Patients, carers, clinicians and research staH blind to treatment allocation

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Clinical symptoms, urine culture and DMSA results read blind to treatment al-
location. Statistical analysis completed blind to treatment group

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All patients accounted for and detailed, 4/288 in antibiotic arm and 8/288 in
placebo arm lost to follow-up. Included in denominator of analyses

Selective reporting (re-
porting bias)

Low risk Primary outcome appropriate, secondary outcomes detailed

Other bias Low risk Methods and patient descriptors reported in good detail

PRIVENT 2009  (Continued)

 
 

Methods • Study design: parallel RCT

• Recruitment period: 1969 to 1970

• Duration of follow-up: mean of 44 months (treatment cessation 10 weeks)

Participants • Country: UK

• Setting: single centre

• Girls with a criteria for initial UTI diagnosis was > 100,000 CFU/mL on 3 consecutive occasions

• VUR: 19

• Number: treatment group (29); control group (34)

• Mean age: treatment group (6 years 3 months); control group (5 years 10 months)

• Sex: all girls

• Exclusion criteria: past history of UTI or "unwell"

Interventions Treatment group

Savage 1973 
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• Antibiotic treatment according to sensitivities
* Nitrofurantoin: 4 mg/kg/d for 10 weeks after 2 weeks acute treatment OR

* Cotrimoxazole: 20 to 40 mg TMP; 100 to 200 mg SMX twice daily for 10 weeks after 2 weeks acute
treatment

Control group

• No treatment for 10 weeks after 2 weeks of acute treatment with ampicillin

Outcomes • Number of symptomatic UTI

• Number of repeat positive cultures

Notes • Funding source: "This work was supported by a grant from the Secretary of State for Scotland"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk States allocated by random numbers except for those with history of past UTI

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding used

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding used

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up accounted for and described

Selective reporting (re-
porting bias)

Low risk Appropriate primary outcome (symptomatic UTI)

Other bias Unclear risk Many methodology details missing

Savage 1973  (Continued)

 
 

Methods • Study design: open-label, parallel RCT

• Duration of study: not reported

• Duration of follow-up: 2 years

Participants • Country: UK

• Setting: single centre

• Children with bacteriologically proven symptomatic UTIs; initial UTI defined by urine culture, but no
CFU given

• Number: treatment group 1 (13); treatment group 2 (12); control group (22)

• Age range: 2 to 12 years

• Sex (M/F): treatment group 1 (2/11); treatment group 2 (2/10); control group (1/21)

Smellie 1978 
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• VUR: none

• Exclusion criteria: not reported

Interventions Treatment group 1

• Low dose cotrimoxazole
* SMX: 10 mg/kg/d for 6 to 12 months

* TMP: 2 mg/kg/d for 6 to 12 months

Treatment group 2

• Nitrofurantoin: 1 to 2 mg/kg/d for 6 to 12 months

Control group

• No treatment

Outcomes • Number of repeat infection per group, asymptomatic reported as well as symptomatic

Notes • Use events within 10 months since treatment was 6 to 12 months and on average 10 months.

• Follow-up extended after treatment, ignore events in post-treatment period. Assume 1 asymptomatic
UTI occurred by 6 months

• Funding source: "This study was supported by a grant from the Medical Research Council"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was described as randomised, method of randomisation was not report-
ed

Allocation concealment
(selection bias)

Unclear risk Treatment allocation know to clinician, possibly manipulatable more children
with a history of prior UTIs received prophylaxis

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Treatment allocation was known to clinician

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Losses to follow-up detailed

Selective reporting (re-
porting bias)

Low risk Reports asymptomatic and symptomatic UTI just can't tell in what time frame
the single asymptomatic UTI occurred

Other bias Unclear risk Many methods details are not detailed

Smellie 1978  (Continued)

 
 

Methods • Study design: RCT

• Study recruitment period; 1969

Stansfeld 1975 
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• Follow-up: to 6 months

Participants • Country: UK

• Setting: single centre

• Children with active UTI (first or recurrent) Initial UTI defined as two or more consecutive, significant
and consistent urine cultures accompanied by pyuria

• Number: treatment group (21); control group (24)

• Age range: 6 months to 14 years

• Sex (M/F): 3/42

• VUR: 10

• Exclusion criteria: neonates; children with impaired drainage due to obstruction or bladder paralysis

Interventions Cotrimoxazole given for 2 weeks and then randomised to treatment or control

Treatment group

• Cotrimoxazole: given for 6 months, no dosage stated

Control group

• Placebo tablets for 6 months

Outcomes • Number of repeat positive cultures

Notes • Urine samples screened at each visit

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generated and held in pharmacy, independent to investigators

Allocation concealment
(selection bias)

Low risk Clinician unable to manipulate allocation

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk States double blinding and used a placebo

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up detailed

Selective reporting (re-
porting bias)

High risk Primary outcome positive culture, not symptomatic UTI

Other bias Unclear risk Many methods poorly reported

Stansfeld 1975  (Continued)

CFU - colony forming units; CRP - C-reactive protein; ESR- erythrocyte sedimentation rate; DMSA - 99Tc-dimercaptosuccinic acid; G6PD
- glucose-6-phosphate dehydrogenase; M/F - male/female; MSU - midstream urine; RCT - randomised controlled trial; SD - standard
deviation; SE - standard error; SMX - sulfamethoxazole; TMP - trimethoprim; UTI - urinary tract infection; VUR - vesicoureteric reflux
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bergstrom 1968 Short duration: antibiotic treatment after randomisation was only 50 days

Bose 1974 Wrong intervention: acute treatment of two types of antibiotics followed by nitrofurantoin prophy-
laxis i.e. no prophylactic control group

Clemente 1994 Wrong intervention: pidotimod, an immunostimulant agent, plus antibiotics versus placebo for 60
days

Craig 2002 Wrong population: > 50% of children had VUR

Espino Hernandez 2012 Wrong population: > 50% of children had VUR

Feldman 1975 Short duration: 4 week "short term" TMP/SMX versus SMX

Fennell 1980 Short duration: 10 day treatment of ampicillin versus cotrimoxazole versus cephalexin

Fischbach 1989 Short duration: acute treatment for 2 weeks

Garin 2006 Wrong population: 52% of participants had VUR, our inclusion criteria is < 50% with VUR

Habeeb Abid 2015 Wrong population: > 50% children had VUR

Hari 2015 Wrong population: > 50% children had VUR

Lee 2007a Wrong population: all children had VUR

Lindberg 1978 Short duration: acute treatment study; treatment consisted of nitrofurantoin for 10 days, only re-
ceived 6 month treatment if they had 2 recurrences

Madsen 1973 Wrong population/short duration: cotrimoxazole versus methacycline for 14 days in mostly adults

Marild 2009 Short duration: acute treatment study

Mohseni 2013 Wrong population: > 50% of children had VUR

Montini 2007 Short duration: acute treatment study

Pennesi 2008 Wrong population: all children have VUR

Pisani 1982 Short duration: acute treatment for 10 days

Ray 1970 Wrong population: > 50% of participants had neurogenic/renal abnormalities

RIVUR 2008 Wrong population: > 50% of participants had VUR

Roussey-Kesler 2008 Wrong population: all children have VUR

Sanchez-Bayle 1983 Wrong population: > 50% of participants had VUR

Swedish Reflux 2010 Wrong population: > 50% of participants had VUR

Zegers 2011 Wrong population: children with urological and urological abnormality, spina bifida
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SMX - sulphamethoxazole; TMP - trimethoprim; VUR - vesicoureteric reflux
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Antibiotic treatment versus placebo/no treatment

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Recurrence of symptomatic
UTI

5   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 All studies 5 1074 Risk Ratio (M-H, Random, 95% CI) 0.75 [0.28, 1.98]

2 Recurrence of symptomatic
UTI: VUR status

4 912 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.24, 1.75]

2.1 Children without VUR 4 541 Risk Ratio (M-H, Random, 95% CI) 0.60 [0.13, 2.74]

2.2 Children with VUR 2 371 Risk Ratio (M-H, Random, 95% CI) 0.65 [0.39, 1.07]

3 Recurrence of symptomatic
UTI: risk of bias fields

5   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.1 Adequate allocation con-
cealment studies

2 914 Risk Ratio (M-H, Random, 95% CI) 0.68 [0.48, 0.95]

3.2 Unclear allocation con-
cealment studies

3 160 Risk Ratio (M-H, Random, 95% CI) 0.58 [0.05, 6.41]

3.3 Double-blinded studies 1 576 Risk Ratio (M-H, Random, 95% CI) 0.65 [0.44, 0.96]

3.4 Open label, unblinded
studies

4 498 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.18, 2.84]

4 Repeat positive urine cul-
ture

4   Risk Ratio (M-H, Random, 95% CI) Subtotals only

4.1 All studies 4 467 Risk Ratio (M-H, Random, 95% CI) 0.31 [0.08, 1.18]

5 Repeat positive urine cul-
ture: risk of bias fields

4   Risk Ratio (M-H, Random, 95% CI) Subtotals only

5.1 Adequate allocation con-
cealment studies

2 383 Risk Ratio (M-H, Random, 95% CI) 0.21 [0.02, 2.50]

5.2 Unclear allocation con-
cealment

2 110 Risk Ratio (M-H, Random, 95% CI) 0.21 [0.00, 32.38]

5.3 Double-blinded studies 1 45 Risk Ratio (M-H, Random, 95% CI) 0.05 [0.00, 0.72]

5.4 Open label, unblinded
studies

3 448 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.15, 1.54]

6 Adverse events 2   Risk Ratio (M-H, Random, 95% CI) Subtotals only
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

6.1 All adverse events 2 914 Risk Ratio (M-H, Random, 95% CI) 2.31 [0.03, 170.67]

6.2 Discontinuation of treat-
ment due to adverse events

1 576 Risk Ratio (M-H, Random, 95% CI) 0.4 [0.13, 1.26]

7 Microbial resistance to pro-
phylactic drug

2 118 Risk Ratio (M-H, Random, 95% CI) 2.40 [0.62, 9.26]

 
 

Analysis 1.1.   Comparison 1 Antibiotic treatment versus placebo/
no treatment, Outcome 1 Recurrence of symptomatic UTI.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 All studies  

Smellie 1978 0/25 10/22 8.31% 0.04[0,0.68]

Savage 1973 7/29 4/34 19.1% 2.05[0.67,6.31]

Montini 2008 15/211 12/127 22.42% 0.75[0.36,1.56]

PRIVENT 2009 36/288 55/288 24.61% 0.65[0.44,0.96]

Liern 2011 26/26 24/24 25.56% 1[0.93,1.08]

Subtotal (95% CI) 579 495 100% 0.75[0.28,1.98]

Total events: 84 (Antibiotic), 105 (Placebo/no treatment)  

Heterogeneity: Tau2=0.97; Chi2=71.66, df=4(P<0.0001); I2=94.42%  

Test for overall effect: Z=0.59(P=0.55)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.2.   Comparison 1 Antibiotic treatment versus placebo/
no treatment, Outcome 2 Recurrence of symptomatic UTI: VUR status.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Children without VUR  

Smellie 1978 0/25 10/22 7.98% 0.04[0,0.68]

Montini 2008 5/129 3/81 14.75% 1.05[0.26,4.26]

PRIVENT 2009 15/119 17/115 19.12% 0.85[0.45,1.63]

Liern 2011 26/26 24/24 20.74% 1[0.93,1.08]

Subtotal (95% CI) 299 242 62.6% 0.6[0.13,2.74]

Total events: 46 (Antibiotic), 54 (Placebo/no treatment)  

Heterogeneity: Tau2=1.96; Chi2=48.09, df=3(P<0.0001); I2=93.76%  

Test for overall effect: Z=0.67(P=0.51)  

   

1.2.2 Children with VUR  

Montini 2008 10/82 9/46 18.2% 0.62[0.27,1.42]

PRIVENT 2009 14/122 21/121 19.2% 0.66[0.35,1.24]

Subtotal (95% CI) 204 167 37.4% 0.65[0.39,1.07]

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment
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Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 24 (Antibiotic), 30 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.91); I2=0%  

Test for overall effect: Z=1.71(P=0.09)  

   

Total (95% CI) 503 409 100% 0.64[0.24,1.75]

Total events: 70 (Antibiotic), 84 (Placebo/no treatment)  

Heterogeneity: Tau2=1.26; Chi2=71.31, df=5(P<0.0001); I2=92.99%  

Test for overall effect: Z=0.87(P=0.39)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.92), I2=0%  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.3.   Comparison 1 Antibiotic treatment versus placebo/no
treatment, Outcome 3 Recurrence of symptomatic UTI: risk of bias fields.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Adequate allocation concealment studies  

Montini 2008 15/211 12/127 22.12% 0.75[0.36,1.56]

PRIVENT 2009 36/288 55/288 77.88% 0.65[0.44,0.96]

Subtotal (95% CI) 499 415 100% 0.68[0.48,0.95]

Total events: 51 (Antibiotic), 67 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=2.25(P=0.02)  

   

1.3.2 Unclear allocation concealment studies  

Smellie 1978 0/25 10/22 25.56% 0.04[0,0.68]

Savage 1973 7/29 4/34 35.72% 2.05[0.67,6.31]

Liern 2011 26/26 24/24 38.72% 1[0.93,1.08]

Subtotal (95% CI) 80 80 100% 0.58[0.05,6.41]

Total events: 33 (Antibiotic), 38 (Placebo/no treatment)  

Heterogeneity: Tau2=3.9; Chi2=29.48, df=2(P<0.0001); I2=93.22%  

Test for overall effect: Z=0.45(P=0.65)  

   

1.3.3 Double-blinded studies  

PRIVENT 2009 36/288 55/288 100% 0.65[0.44,0.96]

Subtotal (95% CI) 288 288 100% 0.65[0.44,0.96]

Total events: 36 (Antibiotic), 55 (Placebo/no treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.15(P=0.03)  

   

1.3.4 Open label, unblinded studies  

Smellie 1978 0/25 10/22 13.74% 0.04[0,0.68]

Savage 1973 7/29 4/34 25.97% 2.05[0.67,6.31]

Montini 2008 15/211 12/127 28.89% 0.75[0.36,1.56]

Liern 2011 26/26 24/24 31.4% 1[0.93,1.08]

Subtotal (95% CI) 291 207 100% 0.72[0.18,2.84]

Total events: 48 (Antibiotic), 50 (Placebo/no treatment)  

Heterogeneity: Tau2=1.56; Chi2=36.39, df=3(P<0.0001); I2=91.76%  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment
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Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.47(P=0.64)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.4.   Comparison 1 Antibiotic treatment versus placebo/
no treatment, Outcome 4 Repeat positive urine culture.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 All studies  

Smellie 1978 0/25 11/22 14.26% 0.04[0,0.62]

Stansfeld 1975 0/21 12/24 14.3% 0.05[0,0.72]

Montini 2008 20/195 24/117 34.84% 0.5[0.29,0.86]

Savage 1973 23/29 29/34 36.6% 0.93[0.74,1.17]

Subtotal (95% CI) 270 197 100% 0.31[0.08,1.18]

Total events: 43 (Antibiotic), 76 (Placebo/no treatment)  

Heterogeneity: Tau2=1.26; Chi2=32.47, df=3(P<0.0001); I2=90.76%  

Test for overall effect: Z=1.72(P=0.08)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.5.   Comparison 1 Antibiotic treatment versus placebo/no
treatment, Outcome 5 Repeat positive urine culture: risk of bias fields.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 Adequate allocation concealment studies  

Stansfeld 1975 0/21 12/24 36.11% 0.05[0,0.72]

Montini 2008 20/211 24/127 63.89% 0.5[0.29,0.87]

Subtotal (95% CI) 232 151 100% 0.21[0.02,2.5]

Total events: 20 (Antibiotic), 36 (Placebo/no treatment)  

Heterogeneity: Tau2=2.41; Chi2=3.32, df=1(P=0.07); I2=69.92%  

Test for overall effect: Z=1.23(P=0.22)  

   

1.5.2 Unclear allocation concealment  

Smellie 1978 0/25 11/22 46.23% 0.04[0,0.62]

Savage 1973 23/29 29/34 53.77% 0.93[0.74,1.17]

Subtotal (95% CI) 54 56 100% 0.21[0,32.38]

Total events: 23 (Antibiotic), 40 (Placebo/no treatment)  

Heterogeneity: Tau2=12.2; Chi2=13.08, df=1(P=0); I2=92.36%  

Test for overall effect: Z=0.6(P=0.55)  

   

1.5.3 Double-blinded studies  

Stansfeld 1975 0/21 12/24 100% 0.05[0,0.72]

Subtotal (95% CI) 21 24 100% 0.05[0,0.72]

Total events: 0 (Antibiotic), 12 (Placebo/no treatment)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment
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Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.19(P=0.03)  

   

1.5.4 Open label, unblinded studies  

Smellie 1978 0/25 11/22 12.81% 0.04[0,0.62]

Montini 2008 20/211 24/127 41.86% 0.5[0.29,0.87]

Savage 1973 23/29 29/34 45.33% 0.93[0.74,1.17]

Subtotal (95% CI) 265 183 100% 0.48[0.15,1.54]

Total events: 43 (Antibiotic), 64 (Placebo/no treatment)  

Heterogeneity: Tau2=0.77; Chi2=19.21, df=2(P<0.0001); I2=89.59%  

Test for overall effect: Z=1.24(P=0.22)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.6.   Comparison 1 Antibiotic treatment versus placebo/no treatment, Outcome 6 Adverse events.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 All adverse events  

Montini 2008 15/211 0/127 45.6% 18.72[1.13,310.14]

PRIVENT 2009 4/288 10/288 54.4% 0.4[0.13,1.26]

Subtotal (95% CI) 499 415 100% 2.31[0.03,170.67]

Total events: 19 (Antibiotic), 10 (Placebo/no treatment)  

Heterogeneity: Tau2=8.51; Chi2=8.11, df=1(P=0); I2=87.67%  

Test for overall effect: Z=0.38(P=0.7)  

   

1.6.2 Discontinuation of treatment due to adverse events  

PRIVENT 2009 4/288 10/288 100% 0.4[0.13,1.26]

Subtotal (95% CI) 288 288 100% 0.4[0.13,1.26]

Total events: 4 (Antibiotic), 10 (Placebo/no treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.56(P=0.12)  

Less with antibiotic 5000.002 100.1 1 Less with placebo/no treatment

 
 

Analysis 1.7.   Comparison 1 Antibiotic treatment versus placebo/
no treatment, Outcome 7 Microbial resistance to prophylactic drug.

Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Montini 2008 8/15 1/12 31.41% 6.4[0.92,44.33]

PRIVENT 2009 10/36 10/55 68.59% 1.53[0.71,3.3]

   

Total (95% CI) 51 67 100% 2.4[0.62,9.26]

Total events: 18 (Antibiotic), 11 (Placebo/no treatment)  

Heterogeneity: Tau2=0.54; Chi2=1.96, df=1(P=0.16); I2=48.88%  

Less with antibiotic 500.02 100.1 1 Less with placebo/no treatment
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Study or subgroup Antibiotic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=1.27(P=0.21)  

Less with antibiotic 500.02 100.1 1 Less with placebo/no treatment

 
 

Comparison 2.   Comparison between two types of antibiotics

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Recurrence of symptomatic
UTI

3 317 Risk Ratio (M-H, Random, 95% CI) 0.60 [0.40, 0.92]

1.1 Nitrofurantoin versus cotri-
moxazole

2 157 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.35, 0.92]

1.2 Cotrimoxazole versus ce-
fadroxil

1 46 Risk Ratio (M-H, Random, 95% CI) 1.79 [0.33, 9.70]

1.3 Cotrimoxazole versus cef-
prozil

1 55 Risk Ratio (M-H, Random, 95% CI) 0.69 [0.20, 2.39]

1.4 Cefadroxil versus cefprozil 1 59 Risk Ratio (M-H, Random, 95% CI) 0.39 [0.09, 1.71]

2 Repeat positive urine culture 3 279 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.21, 4.34]

2.1 Nitrofurantoin versus
trimethoprim

1 120 Risk Ratio (M-H, Random, 95% CI) 0.32 [0.19, 0.56]

2.2 Nitrofurantoin versus ce-
fixime

1 57 Risk Ratio (M-H, Random, 95% CI) 1.35 [0.24, 7.48]

2.3 Nalidixic acid versus cotri-
moxazole

1 102 Risk Ratio (M-H, Random, 95% CI) 2.27 [1.25, 4.13]

3 Microbial resistance to pro-
phylactic drugs

2   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.1 Nitrofurantoin versus cotri-
moxazole

2 96 Risk Ratio (M-H, Random, 95% CI) 0.54 [0.31, 0.92]

4 Adverse events 3   Risk Ratio (M-H, Random, 95% CI) Totals not selected

4.1 Cotrimoxazole versus cef-
prozil

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

4.2 Nitrofurantoin versus ce-
fixime

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

4.3 Nitrofurantoin versus
trimethoprim

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

4.4 Discontinuation of treat-
ment due to adverse events

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 Comparison between two types
of antibiotics, Outcome 1 Recurrence of symptomatic UTI.

Study or subgroup Antibiotic 1 Antibiotic 2 Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Nitrofurantoin versus cotrimoxazole  

Smellie 1978 0/12 0/13   Not estimable

Falakaflaki 2007 17/66 30/66 74.31% 0.57[0.35,0.92]

Subtotal (95% CI) 78 79 74.31% 0.57[0.35,0.92]

Total events: 17 (Antibiotic 1), 30 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.28(P=0.02)  

   

2.1.2 Cotrimoxazole versus cefadroxil  

Belet 2004 3/21 2/25 6.16% 1.79[0.33,9.7]

Subtotal (95% CI) 21 25 6.16% 1.79[0.33,9.7]

Total events: 3 (Antibiotic 1), 2 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.67(P=0.5)  

   

2.1.3 Cotrimoxazole versus cefprozil  

Belet 2004 3/21 7/34 11.51% 0.69[0.2,2.39]

Subtotal (95% CI) 21 34 11.51% 0.69[0.2,2.39]

Total events: 3 (Antibiotic 1), 7 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

2.1.4 Cefadroxil versus cefprozil  

Belet 2004 2/25 7/34 8.02% 0.39[0.09,1.71]

Subtotal (95% CI) 25 34 8.02% 0.39[0.09,1.71]

Total events: 2 (Antibiotic 1), 7 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

   

Total (95% CI) 145 172 100% 0.6[0.4,0.92]

Total events: 25 (Antibiotic 1), 46 (Antibiotic 2)  

Heterogeneity: Tau2=0; Chi2=2.03, df=3(P=0.57); I2=0%  

Test for overall effect: Z=2.35(P=0.02)  

Test for subgroup differences: Chi2=2.03, df=1 (P=0.57), I2=0%  

Less with antibiotic 1 200.05 50.2 1 Less with antibiotic 2

 
 

Long-term antibiotics for preventing recurrent urinary tract infection in children (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.2.   Comparison 2 Comparison between two types of antibiotics, Outcome 2 Repeat positive urine culture.

Study or subgroup Antibiotic 1 Antibiotic 2 Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.2.1 Nitrofurantoin versus trimethoprim  

Brendstrup 1990 12/60 37/60 37.2% 0.32[0.19,0.56]

Subtotal (95% CI) 60 60 37.2% 0.32[0.19,0.56]

Total events: 12 (Antibiotic 1), 37 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.06(P<0.0001)  

   

2.2.2 Nitrofurantoin versus cefixime  

Lettgen 2002 3/30 2/27 25.99% 1.35[0.24,7.48]

Subtotal (95% CI) 30 27 25.99% 1.35[0.24,7.48]

Total events: 3 (Antibiotic 1), 2 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.34(P=0.73)  

   

2.2.3 Nalidixic acid versus cotrimoxazole  

Beiraghi Toosi 2011 24/50 11/52 36.82% 2.27[1.25,4.13]

Subtotal (95% CI) 50 52 36.82% 2.27[1.25,4.13]

Total events: 24 (Antibiotic 1), 11 (Antibiotic 2)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.68(P=0.01)  

   

Total (95% CI) 140 139 100% 0.96[0.21,4.34]

Total events: 39 (Antibiotic 1), 50 (Antibiotic 2)  

Heterogeneity: Tau2=1.51; Chi2=22.59, df=2(P<0.0001); I2=91.15%  

Test for overall effect: Z=0.05(P=0.96)  

Test for subgroup differences: Chi2=22.58, df=1 (P<0.0001), I2=91.14%  

Less with antibiotic 1 100.1 50.2 20.5 1 Less with antibiotic 2

 
 

Analysis 2.3.   Comparison 2 Comparison between two types of
antibiotics, Outcome 3 Microbial resistance to prophylactic drugs.

Study or subgroup Antibiotic 1 Antibiotic 2 Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.3.1 Nitrofurantoin versus cotrimoxazole  

Brendstrup 1990 4/12 28/37 43.19% 0.44[0.19,1]

Falakaflaki 2007 6/17 17/30 56.81% 0.62[0.3,1.27]

Subtotal (95% CI) 29 67 100% 0.54[0.31,0.92]

Total events: 10 (Antibiotic 1), 45 (Antibiotic 2)  

Heterogeneity: Tau2=0; Chi2=0.39, df=1(P=0.53); I2=0%  

Test for overall effect: Z=2.26(P=0.02)  

Less with antibiotic 1 100.1 50.2 20.5 1 Less with antibiotic 2
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Analysis 2.4.   Comparison 2 Comparison between two types of antibiotics, Outcome 4 Adverse events.

Study or subgroup Antibiotic 1 Antibiotic 2 Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.4.1 Cotrimoxazole versus cefprozil  

Belet 2004 3/21 3/34 1.62[0.36,7.29]

   

2.4.2 Nitrofurantoin versus cefixime  

Lettgen 2002 8/31 18/29 0.42[0.21,0.81]

   

2.4.3 Nitrofurantoin versus trimethoprim  

Brendstrup 1990 37/60 17/60 2.18[1.39,3.41]

   

2.4.4 Discontinuation of treatment due to adverse events  

Brendstrup 1990 19/60 6/60 3.17[1.36,7.37]

Less with antibiotic 1 100.1 50.2 20.5 1 Less with antibiotic 2

 
 

Comparison 3.   Dose comparison

Outcome or subgroup title No. of
studies

No. of par-
ticipants

Statistical method Effect size

1 Repeat positive urine culture 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

 
 

Analysis 3.1.   Comparison 3 Dose comparison, Outcome 1 Repeat positive urine culture.

Study or subgroup Dose 1 Dose 2 Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Baciulis 2003 3/15 4/18 0.9[0.24,3.41]

Less with dose 1 100.1 50.2 20.5 1 Less with dose 2

 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL #1 Urinary Tract Infections explode all trees in MeSH
#2 Schistosomiasis haematobia, this term only in MeSH
#3 (#1 AND NOT #2)
#4 (urin* next tract next infect*) or (urin* next infect*) in All Fields
#5 uti
#6 bacteriuria
#7 pyuria
#8 Urine explode all trees in MeSH
#9 (#8 AND bacter*)
#10 urin* near bacter* in All Fields
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#11 (#9 OR #10)
#12 (#3 OR #4 OR #5 OR #6 OR #7 OR #11)
#13 Child explode all trees in MeSH
#14 child*
#15 girl*
#16 boy*
#17 Pediatrics explode all trees in MeSH
#18 pediatric*
#19 paediatric*
#20 (#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19)
#21 Antibiotic Prophylaxis explode all trees in MeSH
#22 antibio* near prophyla*
#23 Anti-Bacterial Agents explode all trees in MeSH
#24 Anti-Infective Agents, Urinary explode all trees in MeSH
#25 "long term" and (antibiot* or prophylax*)
#26 (#21 OR #22 OR #23 OR #24 OR #25)
#27 (#12 AND #20 AND #26)
#28 Recurrence explode all trees in MeSH
#29 recurren*
#30 prevent*
#31 (#28 OR #29 OR #30)
#32 (#12 AND #20 AND #31)
#33 (#32 OR #27)

MEDLINE 1. urinary tract infections/ or bacteriuria/ or pyuria/
2. UTI.tw.
3. urinary tract infection$.tw.
4. bacteriuria.tw.
5. pyuria.tw.
6. bacterial infection$.tw.
7. or/1-6
8. exp child/
9. child$.tw.
10. girl$.tw.
11. boy$.tw.
12. exp pediatrics/
13. pediatric$.tw.
14. paediatric$.tw.
15. or/8-14
16. and/7,15
17. Antibiotic Prophylaxis/
18. (antibiotic$ adj5 prophyla$).tw.
19. exp ANTIBIOTICS/
20. exp Bacterial Infections/
21. anti-infective agents,urinary/
22. (long term adj25 antibiotic$).tw.
23. (long term adj25 prophyla$).tw.
24. recurrence/
25. recurren$.tw.
26. prevent$.tw.
27. or/17-26
28. and/16,27

EMBASE 1. exp Urinary Tract Infection/
2. asymptomatic bacteriuria/ or bacteriuria/
3. Pyuria/
4. UTI.tw.
5. urinary tract infection$.tw.
6. bacteriuria.tw.
7. pyuria.tw.

  (Continued)
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8. or/1-7
9. exp child/
10. exp Pediatrics/
11. child$.tw.
12. girl$.tw.
13. boy$.tw.
14. or/9-13
15. and/8,14
16. exp antibiotic prophylaxis/
17. exp antibiotics/
18. exp urinary tract antiinfective agent/
19. urinary tract antiinfective agent$.tw.
20. (long term adj10 antibiotic$).tw.
21. (long term adj25 prophylaxis).tw.
22. (antibiotic adj10 prophylaxis).tw.
23. prophylaxis.tw.
24. recurrent disease/
25. recurren$.tw.
26. prevent$.tw.
27. or/16-26
28. and/15,27

  (Continued)

 

Appendix 2. Risk of bias assessment tool

 

Potential source of bias Assessment criteria

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimisation (minimisation may be imple-
mented without a random element, and this is considered to be equivalent to being random).

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

Unclear: Insufficient information about the sequence generation process to permit judgement.

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes).

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Unclear: Randomisation stated but no information on method used is available.

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.
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High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

and personnel during the
study

Unclear: Insufficient information to permit judgement

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Unclear: Insufficient information to permit judgement

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardised dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Unclear: Insufficient information to permit judgement

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. sub-scales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Selective reporting

Reporting bias due to selective
outcome reporting

Unclear: Insufficient information to permit judgement

Low risk of bias: The study appears to be free of other sources of bias.Other bias

Bias due to problems not cov-
ered elsewhere in the table

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.
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Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.

  (Continued)

 

F E E D B A C K

Long-term antibiotics for preventing recurrent urinary tract infection in children, 18 June 2019

Summary

I was surprised to see that this review had this statement in the implications for practice "The analysis now demonstrates, with considerable
consistency, a small benefit of low dose antibiotics to prevent repeat symptomatic UTI in children." When in analysis 1.1 there is a clear non
significant result, with a large amount of heterogeneity. I do not believe that this is a case of low sample numbers causing true significance
to be obscured as one old study at high risk of bias was one of the only significant studies. In fact if this study is removed in a sensitivity
analysis the RR almost reverts to 1. Given the problem of increased risk of microbial resistance also highlighted by the current authors I
think it is unwise to say any more than with current evidence we are unsure of the true eHect.

Lastly given the three reasons footnoted in the summary of findings table for outcome 1.1 I struggle to see how this was graded as low
quality of evidence rather than very low.

Kind regards, Vanessa Jordan

Reply

1. We have clarified our text to state; “Analysis of the larger, better designed studies” instead of “The analysis now”……. demonstrates with
considerable conistsency..
This text relates to the analysis in 1.3.1 which gave a risk ratio of 0.68(95%CI 0.48 to 0.95) I2=0%

2. It is somewhat subjective in deciding whether results from a group of studies is low quality or very low quality, we selected low based
on the quality of the individual studies in combination with 4 of 5 studies having the same direction of eHect and somewhat overlapping
confidence intervals.

Contributors

Gabrielle Williams

W H A T ' S   N E W

 

Date Event Description

16 September 2019 Feedback has been incorporated Feedback comment and amendment incorporated

 

H I S T O R Y

Protocol first published: Issue 2, 1998
Review first published: Issue 4, 2001

 

Date Event Description

1 April 2019 New citation required but conclusions
have not changed

Small studies added, no change to conclusions

30 July 2018 New search has been performed Four new studies added

9 March 2011 New citation required and conclusions
have changed

Four new studies added
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Date Event Description

9 October 2008 Amended Converted to new review format.

22 May 2006 New citation required and conclusions
have changed

Substantive amendment

 

C O N T R I B U T I O N S   O F   A U T H O R S

• Issue 4 2001, The search strategy, title review, inclusion assessment, data extraction, quality assessment AL and GW; disagreements
were resolved by consultation with JC

• Issue 3 2006: Titles and abstracts were reviewed for inclusion by WL and GW; data was extracted and text updated by GW; text review
by JC

• Issue 3 2011: Titles and abstract review, data extraction and text revisions GW; text review JC

• Issue 11 2018: Titles and abstract review, data extraction and text revisions GW; data review of PRIVENT 2009 by Narelle Willis; text
review JC

D E C L A R A T I O N S   O F   I N T E R E S T

Authors of this review are also authors of the PRIVENT 2009..No authors have any financial interest in the subject matter
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• National Health and Medical Research Council, Australia.

• Australian Kidney Foundation, Australia.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

2011 - Risk of bias assessment tool replaced the quality assessment of allocation concealment, blinding, losses to follow-up, heterogeneity
of study group participants, standardisation of outcome assessment, and intention-to-treat analysis.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anti-Infective Agents, Urinary  [*therapeutic use];  Antibiotic Prophylaxis;  Drug Therapy, Combination;  Randomized Controlled Trials
as Topic;  Recurrence;  Secondary Prevention;  Urinary Tract Infections  [drug therapy]  [*prevention & control];  Vesico-Ureteral Reflux
 [prevention & control]

MeSH check words

Child; Female; Humans; Male
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