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Randomized trials have played
a pivotal role in shaping the
management of pediatric urinary tract
infections (UTIs). In important recent
trials, authors have demonstrated
that oral antibiotics are as effective
as intravenous (IV) antibiotics1 and
that prophylactic antibiotics do
not prevent renal scarring.2 Given
multiple ongoing controversies in
the diagnosis and management of
UTIs, however, still more trials are
needed. In this issue of Pediatrics,
Basmaci et al3 report a systematic
review of 40 trials published between
1990 and 2016 involving 4381 UTI
cases. They highlight the numerous
inconsistencies in inclusion criteria
and choice of end points in published
UTI antibiotic trials and suggest that
more uniformity is required.

Inconsistent UTI-Defining Inclusion
Criteria
The lack of uniform inclusion criteria
across trials reflects an ongoing
controversy over the definition of
UTI.4 Because of fear that some UTIs
will be missed,5 there is reluctance
to incorporate pyuria as a diagnostic
criterion,6 despite the latest
recommendation from the American
Academy of Pediatrics UTI clinical
practice guideline7 and subsequent
supportive data that the urinalysis
is more reliable than previously
estimated.8 Additionally, there is
uncertainty over appropriate colonycount thresholds, interpretation of
multiple organisms on urine culture,
how the method of urine collection
impacts results, and whether cystitis
can and should be differentiated from

pyelonephritis. Until consensus can
be reached in these areas, uniform
inclusion criteria may be an elusive
goal. Published guidelines such as
those from the American Academy
of Pediatrics can be used as a guide,
although the narrow age range
(2 months–2 years) of this guideline
limits its utility for all children.

These ambiguities in disease definition
are not unique to UTIs. In pneumonia,
for example, chest radiograph results,
lung examination findings, clinical
symptoms, inflammatory markers,
and sputum analyses are all used
to define disease. Even when there
is near-certainty that pneumonia
exists, most cases are caused by
viruses,9 and differentiating viral
from bacterial pneumonia remains
a challenge. Similarly, there is
substantial variability in the diagnosis
of acute otitis media (in which viral
etiologies are also common), and
streptococcal pharyngitis, which is
clouded by asymptomatic bacterial
carriage. Inclusion of patients without
bacterial disease is likely to attenuate
differences in outcomes between
groups in any antibiotic trial.

Variability of Clinical End Points
Variability in choice of clinical end
points in UTI trials is expected given
the heterogeneity of the clinical
questions at hand. For example,
time to resolution is a reasonable
outcome when comparing oral and
IV antibiotics, or comparing 1 oral
antibiotic to another. In contrast,
symptomatic relapse is a more
appropriate outcome for a trial
comparing 7 versus 14 days of the
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same oral antibiotic because it
is rare for clinical resolution to
take longer than 7 days, and the
importance of asymptomatic
microbiologic relapse is unclear.
Although Basmaci et al3 reference
adult Food and Drug Administration
and European Medicines Agency
guidelines suggesting microbiologic
cure as an end point, this end point
is less well-suited to pediatric UTIs
given the challenges of obtaining a
clean sample in children. Similarly,
radiographic outcomes are of
unclear diagnostic utility because
abnormalities of questionable
clinical relevance are common.
Therefore, time to improvement and
symptomatic relapse may be the best
candidate end points depending on
the clinical question being studied.
A validated tool to assess clinical
improvement is needed.

The Next Frontier of UTI Trials
Basmaci et al3 call for the
harmonization of future pediatric
UTI trial design methodologies. What
questions remain to be answered in
future trials? From our perspective,
several knowledge gaps exist that
could be informed by well-designed
trials. The first surrounds young
infants (<2 months), in which there
is evidence of substantial variability
in duration of parenteral antibiotic
durations.10– 12
 Further evidence
that short IV or all oral courses are
safe even in the youngest infants
could have a meaningful impact on
harms and costs associated with
long IV courses (including adverse
effects of central catheters) and
extended hospitalizations. The
second gap involves the approach
to highly resistant UTIs, which
are often treated with prolonged
parenteral courses of broad spectrum
antibiotics, despite evidence from
small studies that most patients
improve despite receiving antibiotics
to which their organisms are
resistant.13,14

2

A third potentially impactful UTI
trial would compare antibiotics
to a placebo, at least for low-risk,
uncomplicated cases. Resolution
of bacterial infections without
antibiotics is well-described in 2 of
the most common bacterial infections
in children: acute otitis media15 and
streptococcal pharyngitis.16 Data
from the Pediatric Research in the
Office Setting Febrile Infant Study
suggest that the vast majority of UTIs
in young infants resolve without
treatment.17 This finding, coupled
with the limited data suggesting that
many patients with highly resistant
UTIs improve despite receiving
discordant antibiotics,13,14 further
supports the notion that the immune
system can successfully combat
bacterial infections in many cases.
Given the current global antibiotic
resistance crisis, and the decreasing
affordability of health care, strategies
for safely doing less18 must be a
priority.

Abbreviations
IV: i ntravenous
UTI: urinary tract infection
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