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IMPORTANCE There is a paucity of pediatric-specific comparative data to guide duration of
therapy recommendations in children with urinary tract infection (UTI).

OBJECTIVE To compare the efficacy of standard-course and short-course therapy for children
with UTI.

DESIGN, SETTING, PARTICIPANTS The Short Course Therapy for Urinary Tract Infections
(SCOUT) randomized clinical noninferiority trial took place at outpatient clinics and
emergency departments at 2 children’s hospitals from May 2012, through, August 2019. Data
were analyzed from January 2020, through, February 2023. Participants included children
aged 2 months to 10 years with UTI exhibiting clinical improvement after 5 days of
antimicrobials.

INTERVENTION Another 5 days of antimicrobials (standard-course therapy) or 5 days of
placebo (short-course therapy).

MAIN OUTCOME MEASURES The primary outcome, treatment failure, was defined as
symptomatic UTI at or before the first follow-up visit (day 11 to 14). Secondary outcomes
included UTI after the first follow-up visit, asymptomatic bacteriuria, positive urine culture,
and gastrointestinal colonization with resistant organisms.

RESULTS Analysis for the primary outcome included 664 randomized children (639 female
[96%]; median age, 4 years). Among children evaluable for the primary outcome, 2 of 328
assigned to standard-course (0.6%) and 14 of 336 assigned to short-course (4.2%) had a
treatment failure (absolute difference of 3.6% with upper bound 95% CI of 5.5.%). Children
receiving short-course therapy were more likely to have asymptomatic bacteriuria or a
positive urine culture at or by the first follow-up visit. There were no differences between
groups in rates of UTI after the first follow-up visit, incidence of adverse events, or incidence
of gastrointestinal colonization with resistant organisms.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, children assigned to
standard-course therapy had lower rates of treatment failure than children assigned to
short-course therapy. However, the low failure rate of short-course therapy suggests that it
could be considered as a reasonable option for children exhibiting clinical improvement after
5 days of antimicrobial treatment.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01595529

JAMA Pediatr. 2023;177(8):782-789. doi:10.1001/jamapediatrics.2023.1979
Published online June 26, 2023. Corrected on April 15, 2024.

Visual Abstract

Editorial page 756

Multimedia

Supplemental content

Author Affiliations: Department of
Pediatrics, Perelman School of
Medicine at the University of
Pennsylvania, Children’s Hospital of
Philadelphia, Philadelphia (Zaoutis,
Fisher, Coffin, Downes, Gerber,
Myers, Mistry, O’Connor, Faig, Liston);
Department of Pediatrics, University
of Pittsburgh School of Medicine,
Children’s Hospital of Pittsburgh of
UPMC, Pittsburgh, Pennsylvania
(Shaikh, Bhatnagar, Shope, Martin,
Muniz, Green, Nagg, Hoberman);
Westat-Biostatistics and Data
Management Core, Philadelphia,
Pennsylvania (Black, Rowley).

Corresponding Author: Nader
Shaikh, MD, MPH, Children’s Hospital
of Pittsburgh of UPMC,
One Children’s Hospital Drive,
4401 Penn Ave, Pittsburgh, PA 15224
(nader.shaikh@chp.edu).

Research

JAMA Pediatrics | Original Investigation

782 (Reprinted) jamapediatrics.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by NYC Health and Hospital Corporation user on 05/13/2024

https://clinicaltrials.gov/ct2/show/NCT01595529
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1979?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1979?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1976?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979
https://jamanetwork.com/journals/ped/fullarticle/10.1001/jamapediatrics.2023.1979?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979
https://jamanetwork.com/journals/ped/fullarticle/10.1001/jamapediatrics.2023.1979?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979
mailto:nader.shaikh@chp.edu
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1979


I n adult patients with urinary tract infection (UTI), short
courses of antimicrobial therapy (3 to 7 days) have long been
the standard of care.1 Although some pediatric data sug-

gest that shorter durations of antimicrobials are effective in
children,2-5 these data are limited and contradictory. Longer
durations of antimicrobial therapy are still endorsed by the
American Academy of Pediatrics UTI guidelines for children
younger than 24 months.6 Additional pediatric-specific com-
parative data are needed to guide recommendations for opti-
mal durations of therapy.

We aimed to determine if, among children exhibiting clini-
cal improvement 5 days after starting antimicrobial therapy,
halting antimicrobial therapy (short-course therapy) resulted
in the similar rates of treatment failure (symptomatic UTI) as
continuing antimicrobial therapy for another 5 days (standard-
course therapy). We also aimed to evaluate the impact of treat-
ment duration on several secondary outcomes, including UTI
after the first follow-up visit, asymptomatic bacteriuria, posi-
tive urine culture, presence of adverse events, and gastroin-
testinal colonization with resistant organisms.

Methods
Eligibility and Enrollment
This multicenter, randomized, double-blind, placebo-
controlled, noninferiority clinical trial evaluated short-
course (5 days) vs standard-course (10 days) oral antimicro-
bial therapy for children exhibiting clinical improvement after
the first 5 days of antimicrobial therapy. Children 2 months to
10 years of age diagnosed with a UTI (defined below) and pre-
scribed 1 of 5 frequently used antimicrobials (amoxicillin-
clavulanate, cefixime, cefdinir, cephalexin, or trimethoprim-
sulfamethoxazole) by a health care professional associated with
Children’s Hospital of Philadelphia or the UPMC Children’s Hos-
pital of Pittsburgh were eligible for enrollment. Children were
recruited from primary care offices, emergency depart-
ments, and inpatient wards. The institutional review boards
at both institutions approved the study. Interested parents pro-
vided written consent for their child to participate in the study.
Assent was obtained from developmentally capable chil-
dren.

We excluded children with any of the following: recovery
of a second uropathogen (more than 104 colony forming units
[CFU] per mL for samples collected by suprapubic aspiration
or catheterization or more than 5 × 104 CFU per mL for samples
collected by clean catch) at the time of diagnosis, hospitaliza-
tion for bacteremia, admission to the intensive care unit; urine
culture yielding a pathogen resistant to the initially pre-
scribed antimicrobial, catheter-associated UTI, history of UTI
within 30 days, phenylketonuria; congenital or anatomic ab-
normalities of the genitourinary tract other than known grade
I to II vesicoureteral reflux, duplicated collecting systems, or
hydronephrosis; previous genitourinary tract surgery (ex-
cept circumcision), inability to tolerate oral medications; pres-
ence of an immunocompromising condition; type I hypersen-
sitivity or anaphylactic reaction to study products; previous
enrollment in the study; enrollment in another therapeutic

drug study (excluding vaccine studies); gestational age of less
than 36 weeks (only for children younger than 2 years of age
at enrollment); or not available for follow-up visits.

Study Procedures
We contacted potentially eligible families between 2 and 5 days
after the patient was diagnosed with a UTI (day 1) to deter-
mine interest in participation in the study and to assess if the
patient was improving clinically. For children that appeared
to be improving and whose caregiver was interested in par-
ticipation, we arranged an in-person visit (at the child’s home
or at an affiliated clinic) on days 2 to 5 (enrollment visit). Chil-
dren were considered to have clinical improvement if they were
afebrile (no documented temperature 38 °C or higher within
24 hours of the visit) and free of any symptoms of UTI (see defi-
nition of UTI below). At the enrollment visit, we adminis-
tered a symptom questionnaire, measured the child’s tem-
perature, and performed a targeted assessment for suprapubic,
abdominal, or flank tenderness, and confirmed that the child
met all eligibility criteria. When feasible, a stool sample for the
assessment of bacterial colonization was collected at the en-
rollment visit. For children who had their enrollment visits on
days 2 to 4, clinical improvement was reconfirmed on day 5
or on the morning of day 6 by telephone.

After consent, participants were randomized (1:1) to re-
ceive either an additional 5 days of the prescribed antimicro-
bial (standard-course therapy) or 5 days of matching placebo
(short-course therapy). Randomization was stratified accord-
ing to the presence or absence of fever and according to the
antimicrobial initially prescribed. All children started their ran-
domized study therapy on day 6 and continued through day
10; those starting study therapy in the evening of day 6 were
advised to complete their last dose of study product on the
morning of day 11.

To evaluate clinical outcomes, we performed 2 in-person
visits on days 11 to 14 and days 24 to 30. At each visit, we ad-
ministered a symptom questionnaire, asked if there was any
interim diagnostic testing for a UTI, measured the child’s tem-
perature, performed a targeted assessment for suprapubic, ab-
dominal, or flank tenderness, and collected stool samples. A
urine sample was also collected at the day 11 to 14 visit. Urine
was only collected at the day 24 to 30 visit if symptoms of UTI
were reported at the time of the visit or when urine collection
had failed on the day 11 to 14 visit. During follow-up visits, we
used perineal bags to collect samples from non–toilet-trained

Key Points
Question What is the efficacy of short-course vs standard-course
therapy for children with urinary tract infection?

Finding In this randomized clinical trial of 664 children, those
children assigned to standard-course therapy had lower rates of
treatment failure than children assigned to short-course therapy,
but the rate in both treatment groups was low.

Meaning The low failure rate in children receiving short-course
therapy suggests that it could be considered as a reasonable
treatment option.
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asymptomatic children, bladder catheterization or clean catch
for non–toilet-trained symptomatic children, or clean catch for
toilet-trained children. We called families on day 38 to 44 to
determine whether UTI or adverse events had occurred since
the day 24 to 30 visit.

Outcomes
The primary outcome, treatment failure, was defined as oc-
currence of UTI (defined below) between day 6 and the day 11
to 14 visit. Secondary outcomes included: (1) UTI at any time
after the day 11 to 14 visit, (2) asymptomatic bacteriuria (de-
fined below) at the day 11 to 14 visit, (3) gastrointestinal colo-
nization at or before the day 24 to 30 visit with antimicrobial-
resistant Escherichia coli or Klebsiella pneumoniae (eTable in
Supplement 1) not present at the enrollment visit, (4) clinical
symptoms of UTI between day 6 and the day 11 to 14 visit, and
(5) positive urine culture (defined below) between day 6 and
the day 11 to 14 visit. We also compared the proportion of chil-
dren with any reported adverse events in each group be-
tween days 6 and 38 to 44.

Definitions
We defined UTI by the presence of all the following 3 criteria:
(1) 1 or more of the following signs or symptoms of UTI: fever
(defined as temperature of at least 38 °C); pain in the supra-
pubic, abdominal, or flank area; urinary urgency, frequency,
or hesitancy; dysuria in children 2 years or older or in chil-
dren younger than 2 years of age; and poor feeding or vomit-
ing; (2) pyuria, defined as 10 or more white blood cells per cu-
bic millimeter (uncentrifuged specimen) or 5 or more white
blood cells/high-powered field (centrifuged specimen) or leu-
kocyte esterase more than or equal to trace on dipstick uri-
nalysis; and (3) a positive urine culture defined by growth of
a single uropathogen at counts 5 × 104 or higher CFU per mL
(suprapubic aspiration or catheterized specimen) or 105 or
higher CFU per mL (clean voided specimen).7

The outcome of asymptomatic bacteriuria was defined as
presence of a positive urine culture for a uropathogen, using
the same colony count thresholds above and without regard
to pyuria, but in the absence of symptoms attributable to UTI.
The outcome of positive urine culture was defined as pres-
ence of a uropathogen, using the same colony count thresh-
olds above, in a child not meeting criteria for a UTI (either due
the lack of symptoms or pyuria).

Antimicrobials and Placebos
Participants were randomized to receive 5 more days of the an-
timicrobial agent they were prescribed by their health care pro-
fessional or a matching placebo. Patients that were pre-
scribed cefdinir by their health care professional received either
cefixime or placebo during the days 6 to 10 intervention pe-
riod. Amoxicillin-clavulanate was dosed by amoxicillin com-
ponent at 80 to 100 mg/kg per day divided twice daily, tri-
methoprim-sulfamethoxazole at 8 mg /kg per day,
trimethoprim divided twice daily, cefixime at 8 mg/kg per day
in 1 dose, and cephalexin at 50 mg/kg per day in 3 divided doses.
For each antimicrobial, a matching placebo was dosed at the
same volume calculated for active treatment. For conceal-

ment, liquid placebo was formulated for the same appear-
ance (color and texture), flavor, and consistency as active study
drug and provided in matching bottles. Trial participants and
their parents, investigators, and trial personnel remained un-
aware of treatment assignment.

Statistical Methods
Anticipating that short-course therapy was not likely to be su-
perior to a standard-course therapy, we designed this study as
a noninferiority trial.8 We decided a priori that a difference in
absolute rates of treatment failure of more than 5% would be
clinically meaningful and thus used this as our noninferiority
margin. Our power and sample estimates were based on the
assumption that treatment failure would be observed in 5% of
children receiving standard-course therapy9 and no more than
10% of children receiving short-course therapy. Based on these
assumptions, this 1-sided noninferiority analysis would re-
quire 326 evaluable participants per treatment group to achieve
90% power with significance level of 0.05.

Primary analysis followed intent-to-treat principles and in-
cluded all children who received at least 1 dose of study prod-
uct and were evaluated for treatment failure at or before the
day 11 to 14 visit. Specifically, the primary noninferiority analy-
sis evaluated whether there was greater than a 5% increase in
the absolute risk of treatment failure in children assigned to
short-course therapy compared with children assigned to stan-
dard-course therapy.

For the primary analysis, we used a 1-sided Fisher exact
test to evaluate whether the upper bound of the CI for the ab-
solute risk difference exceeded 5%. For secondary outcomes,
we used 2-sided Fisher exact tests to assess whether these out-
comes differed in the treatment groups. We compared the pro-
portion of adverse events between treatment groups using a
2-sided χ2 test. For the primary outcome, we tested treatment-
by-subpopulation interactions using likelihood ratio tests. For
the primary outcome, we also present results of a per-
protocol analysis (eMethods 1 in Supplement 1). For all analy-
ses, we used a significance level of .05.

Post Hoc Analyses
We calculated the number needed to treat for each signifi-
cant outcome. While the primary outcome, treatment fail-
ure, was defined as occurrence of UTI between day 6 and the
day 11 to 14 visit, children in the standard-course group were
potentially receiving antibiotics during 5 of the 9 days during
which the outcome could occur. To assess whether detection
bias10 could have affected our results, we conducted a post hoc
analysis in which both groups had 9 days after cessation of an-
tibiotics during which the primary outcome could occur (days
6 to 14 for short course and days 11 to 18 for standard course).

Results
Study Population
A total of 32 271 children were screened, 1679 were eligible and
693 were randomized (Figure). Of note, only 103 children were
excluded because their symptoms had not improved by day 5
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(Figure). Of the 693 children randomized, 16 did not receive
at least 1 dose of the allocated treatment and an additional 13
did not contribute data toward the primary outcome; as such,
the analysis for the primary outcome includes 664 children.

Most randomized participants were White (64%), non-
Hispanic (91%), and afebrile at the time of initial diagnosis
(62%). The median age of children enrolled was 4 years. Demo-
graphic and clinical characteristics were similar between treat-
ment groups (Table 1).

Primary Outcome
A total of 2 children assigned to standard-course therapy (0.6%)
and 14 children assigned to short-course therapy (4.2%)
(Table 2) met criteria for treatment failure. The upper limit of
the CI for the absolute difference (ie, 5.5%) exceeded the pre-
specified 5% margin we had required for noninferiority. Treat-
ment failure was not related to age, fever, prescribed antimi-
crobial therapy, or study site. A total of 1 child assigned to
standard-course therapy (0.3%) and 6 children assigned to
short-course therapy (1.8%) had a febrile UTI between day 6
and the day 11 to 14 visit. In the per protocol analysis (eMethods
2 in Supplement 1), differences in the proportion of children
with treatment failure between treatment groups were smaller.

Secondary Outcomes
Children receiving short-course therapy were more likely to
have asymptomatic bacteriuria (absolute risk difference, 6.2%;
95% CI, 2.5%-9.9%) or a positive urine culture (absolute risk
difference, 7.9%; 95% CI, 3.7%-12.1%) at or before the day 11

to 14 visit (Table 2). No other statistically significant differ-
ences were apparent between treatment groups for the other
secondary outcomes assessed (Table 2). Rates of adverse events
were similar in the 2 treatment groups (Table 3).

Post Hoc Analyses
The number needed to treat for standard-course therapy was
28, meaning that 28 children would need to be treated with
an additional 5 days of antimicrobials to prevent 1 treatment
failure (Table 2). The number needed to treat to prevent 1 fe-
brile treatment failure was 67. A total of 9 of 328 children as-
signed to standard-course therapy (2.7%) and 14 of 336 chil-
dren assigned to short-course therapy (4.2%) had a UTI within
9 days of study product discontinuation (difference in pro-
portions of 1.4% with upper bound of the 95% CI of 4.2; P = .32).

Discussion
In this noninferiority trial involving children aged 2 months
to 10 years diagnosed with symptomatic UTI who had exhib-
ited clinical improvement after the first 5 days of antimicro-
bials, standard-course therapy was associated with lower rates
of treatment failure compared with short-course therapy (0.6%
vs 4.2%, respectively). Among secondary outcomes, standard-
course therapy was associated with lower rates of asymptom-
atic bacteriuria and positive urine culture at the day 11 to 14
visit. No differences between treatment groups were appar-
ent with regards to rates of UTI after the day 11 to 14 visit, symp-

Figure. Enrollment, Randomization, and Follow-up of Children in the Trial

32 271 Patients assessed for eligibility

986 Declined participation

348 Allocated to standard-course therapy

328 Analyzed for primary end point
20 Excluded

11 Did not receive allocated intervention
7 Screening failure
2 Consent withdrawn
2 Missing enrollment visit

9 Data on primary end point missing

336 Analyzed for primary end point
9 Excluded

5 Did not receive allocated intervention
3 Screening failure
1 Consent withdrawn
1 Missing enrollment visit

4 Data on primary end point missing

345 Allocated to short-course therapy

30 592 Not eligible 
20 391 Negative culture

933  Not receiving 1 of the accepted antimicrobials

4391 Other
1175 Could not be reached

929 Genitourinary abnormality

543 Organism not sensitive to antimicrobial prescribed

847 Complex medical history
754 History of UTI within 30 d

479 Concomitant infection
103 Symptoms not improved by day 5

47 Bacteremia or critical illness

693 Randomized

UTI indicates urinary tract infection.
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toms of UTI, adverse events, or the emergence of antimicro-
bial resistance in gastrointestinal strains of Es coli or K
pneumoniae.

To our knowledge, our study represents the largest trial to
date comparing outcomes in children randomized to standard-
course vs short-course antimicrobial therapy. While previous

Table 1. Selected Demographic and Clinical Characteristics of Children With Data on Primary Outcome
According to Treatment Groupa

Characteristic

Children, No. (%)
Standard-course therapy
(n = 328)

Short-course therapy
(n = 336)

All children
(n = 664)

Age group

2-23 mo 60 (18) 64 (19) 124 (19)

2-6 y 183 (46) 202 (60) 385 (58)

7-10 y 85 (26) 70 (21) 155 (23)

Sex

Female 316 (96) 323 (96) 639 (96)

Male 12 (4) 13 (4) 25 (4)

Raceb

Black 73 (22) 83 (25) 156 (23)

Multiracial 23 (7) 25 (7) 48 (7)

White 217 (66) 210 (63) 427 (64)

Otherc 14 (4) 18 (5) 32 (5)

Unknown 1 (0) 0 (0) 1 (0)

Ethnicityb

Hispanic 33 (10) 27 (8) 60 (9)

Non-Hispanic 295 (90) 309 (92) 604 (91)

Febrile at presentation

Yes 122 (37) 128 (38) 250 (38)d

No 206 (63) 208 (62) 414 (62)

Medication

Amoxicillin-clavulanate 4 (1) 2 (1) 6 (1)

Cefdinir 183 (56) 185 (55) 368 (55)

Cefixime 2 (1) 1 (0) 3 (0)

Cephalexin 103 (31) 112 (33) 215 (32)

Trimethoprim-sulfamethoxazole 36 (11) 36 (11) 72 (11)

Study site

Children’s Hospital of Philadelphia 143 (44) 152 (45) 295 (44)

UPMC Children’s Hospital of Pittsburgh 185 (56) 184 (55) 369 (56)

Infecting organism

Escherichia coli 296 (90) 301 (90) 597 (90)

Proteus mirabilis 20 (6) 22 (7) 42 (6)

Klebsiella pneumoniae 5 (2) 4 (1) 9 (1)

Other 7 (2) 9 (3) 16 (2)

Method of urine collection

Clean voided 257 (78) 268 (80) 525 (79)

Catheterization 70 (21) 65 (19) 135 (20)

Unknown 1 (0) 3 (1) 4 (1)

Received 1-time dose of intravenous
or intramuscular antimicrobial

Yes 3 (1) 3 (1) 6 (1)

No 325 (99) 333 (99) 658 (99)

Symptoms at presentation (age >2 y)

Suprapubic pain/tenderness 11 (3) 22 (7) 33 (5)

Abdominal pain/tenderness 93 (28) 95 (28) 188 (28)

Flank pain/tenderness 22 (7) 16 (5) 38 (6)

Urinary urgency 74 (23) 73 (22) 147 (22)

Urinary frequency 108 (33) 109 (32) 217 (33)

Urinary hesitancy 25 (8) 21 (6) 46 (7)

Symptoms at presentation (age <2 y)

Poor feeding 21 (6) 22 (7) 43 (6)

Vomiting 22 (7) 22 (7) 44 (7)

a There were no significant
differences in characteristics
between the 2 treatment groups.

b Race and ethnicity were reported by
the parents.

c Includes American Indian or Alaska
native, Asian, Native Hawaiian, or
other Pacific Islander.

d A total of 94% of children aged 2 to
23 months were febrile.
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trials, taken together, suggest that 1 day of antimicrobial
therapy is not as effective as standard-course therapy for UTI,2

there is limited pediatric evidence from previously com-
pleted trials that compare other shorter durations of therapy
(ie, 2 to 4 days) vs standard-course therapy. Of the 10 random-
ized trials performed to date comparing 2 to 4 days of antimi-
crobials to longer durations,3 most (9 of 10) included less than
100 evaluable children and many suffered from methodologi-
cal limitations. For example, the 1 study11 that included more
than 100 children (174 evaluable girls) and compared 3 vs 10
days of sulfamethizole was limited by the inclusion of chil-
dren with asymptomatic bacteriuria, use of a positive culture
as the only outcome of interest, and lack of blinding.

We had expected that children with fever at the time of the
initial diagnosis would be more likely to have short-course
therapy fail. Instead, we found that the absolute difference in
treatment failure between study arms was similar in the sub-

groups of children with and without fever at the time of diag-
nosis; however, since the trial was not powered to detect treat-
ment effect heterogeneity within subgroups, the results of the
subgroup analysis should be not considered as definitive.

Children randomized to short-course therapy were more
likely to have asymptomatic bacteriuria or a positive urine cul-
ture at or before the day 11 to 14 visit. The importance of these
findings is unclear. The presence of bacteria in the urine is not
necessarily clinically relevant if the child continues to im-
prove and does not go on to have a recurrent infection. The
fact that rates of UTI after day 11 to 14 visit were similar sug-
gests that differences in bacteriuria or a positive urine culture
at or before the day 11 to 14 visit did not contribute to devel-
opment of UTIs after the first follow-up visit. Children in the
antimicrobial group may have been less likely to have these
outcomes simply because the day 11 to 14 visit was so close to
the last dose of antimicrobial (ie, last dose of study product

Table 2. Primary and Secondary Outcomes

Characteristics

Children, No./total No. (%)

P value

Difference of
proportions,
% (95% CI)

No. needed
to treata

Standard-course
therapy

Short-course
therapy All children

Primary outcome—treatment failure

UTI between day 6 and day 11-14 visit 2/328 (0.6) 14/336 (4.2) 16/664 (2.4) <.01 3.6 (≤5.5)b 28

Secondary outcomes

UTI after day 11-14 visit 12/326 (3.7) 13/322 (4.0) 25/648 (3.9) .97 0.4 (−2.6 to 3.3) c

Asymptomatic bacteriuria at day 11-14 visit 11/328 (3.4) 32/336 (9.5) 40/664 (6.0) <.01 6.2 (2.5-9.9) 17

UTI symptoms day 6 through day 11-14 visit 30/328 (9.1) 41/336 (12.2) 71/664 (10.7) .25 3.1 (−1.6 to 7.7) c

Positive urine culture day 6 though day 11-14
visitd

15/328 (4.6) 42/336 (12.5) 47/664 (7.1) <.01 7.9 (3.7-12.1) 13

Stool antimicrobial resistance at day 24-30 visite 23/298 (7.7) 28/310 (9.0) 51/608 (8.4) .66 1.3 (−3.1 to 5.7) c

Abbreviation: UTI, urinary tract infection.
a Number of children that would need to be treated with standard-course

therapy to prevent 1 treatment failure. Confidence interval not presented
because, for some outcomes, upper bound is unbounded. This analysis was
added post hoc.

b One-sided confidence interval, therefore only upper bound of is shown; by
definition, lower bound is −100.

c Number needed to treat not presented because difference in proportions was
not significant.

d With or without symptoms.
e Defined by recovery of antimicrobial-resistant Escherichia coli or Klebsiella

pneumoniae from the stool of children in whom these resistant organisms
were not present at enrollment.

Table 3. Adverse Events According to Study Group

Characteristic

Children, No. (%)

P value
Standard-course therapy
(n = 328)

Short-course therapy
(n = 336)

All children
(n = 664)

Participants with adverse
events

155 (47.3) 147 (43.8) 302 (45.5) .10

Most frequently reported
adverse events

Diarrhea 43 (13.1) 34 (10.1) 77 (11.6) .41

Cough 21 (6.4) 26 (7.7) 47 (7.1) .28

Pyrexia 17 (5.2) 18 (5.4) 35 (5.3) .60

Vomiting 11 (3.4) 20 (6.0) 31 (4.7) 1.00

Rhinorrhea 13 (4.0) 16 (4.8) 29 (4.4) .16

Other 115 (35.1) 111 (33.0) 226 (34.0) .75

Severity of adverse event

Mild 107 (32.6) 117 (34.8) 224 (33.7) .64

Moderate 47 (14.3) 26 (7.7) 73 (11.0) .61

Severe 1 (0.3) 4 (1.2) 5 (0.8) .37

Serious 2 (0.6) 4 (1.2) 6 (0.9)a .69

a Of these, only 1 (pyelonephritis in
the short-course group on day 12)
was deemed possibly associated
with study treatment.
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could have been taken on the same day as the day 11 visit). A
longer period between the last dose of study product and the
first follow-up visit might have mitigated the between-group
differences observed in these secondary outcomes. Of note,
the protocol allowed us to use perineal bags to collect urine
from asymptomatic children presenting for follow-up. If the
culture from a bag sample was positive, we categorized these
as cases of asymptomatic bacteriuria. While this may have in-
flated the number of children with asymptomatic bacteri-
uria, it likely did not bias our results given that the treatment
groups were balanced with regards to age.

Most children whose therapy failed were afebrile and, ac-
cordingly, are not at risk for kidney scarring. Given that 67 chil-
dren need to be treated with standard-course therapy to pre-
vent 1 febrile UTI and given that scarring occurs in
approximately 1 in 7 children with febrile UTI,12-14 approxi-
mately 469 children would need to be treated to prevent 1 child
from developing kidney scarring.15

Strengths and Limitations
Our trial has several strengths: a large, diverse population of
children; enrollment of a sizeable proportion of children with
fever at presentation (38%); use of stringent diagnostic crite-
ria for UTI; enrollment of children treated with various anti-
microbials; monitoring for targeted antimicrobial resistance in
stool commensals; and modest attrition. Limitations stem from

slight imbalance between treatment groups in number of chil-
dren excluded from the primary analysis, reduced power for
subgroup analyses, assessment of emergence of antimicro-
bial resistance only for E coli and K pneumoniae strains, lack
of detailed data on the societal costs and benefits of each treat-
ment strategy, absence of data on adherence to the originally
prescribed antimicrobials on days 1 to 5, lack of strain-level data
on recovered uropathogens, and lack of data on outcomes, such
as kidney scarring.

Conclusion
This trial failed to show that short-course therapy was statis-
tically noninferior to standard-course therapy using a 5% non-
inferiority margin. However, given that (1) treatment failure
occurred infrequently in the short-course group (4.2%), (2) in
a post hoc analysis, rates of UTI within 9 days of stopping an-
timicrobial therapy in those receiving short-course and stan-
dard-course therapy were similar (4.2% vs 2.7%, respec-
tively, P = .32), and (3) a large number of children needed to
be treated with standard-course therapy to prevent 1 child from
developing kidney scarring, all suggest that short-course
therapy could be considered as a reasonable option for chil-
dren exhibiting clinical improvement after 5 days of antimi-
crobial treatment.
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