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Urinary tract infections (UTls) are the most common bacterial
infection in young infants. The American Academy of
Pediatrics’ (AAP) clinical practice guideline for UTls focuses
on febrile children age 2-24 months, with no guideline

for infants <2 months of age, an age group commonly
encountered by pediatric hospitalists. In this review, we

rinary tract infections (UTls) are the most common bac-

terial infection and one of the most common reasons

for hospitalization in young infants."? The American

Academy of Pediatrics (AAP) has published several
clinical practice guidelines for the evaluation and management
of febrile children ages 2-24 months with first-time UTls, most
recently in 2011 and affirmed in 2016.% These guidelines do not
provide recommendations for infants aged <2 months, which
leads to uncertainty regarding the diagnosis and management
of UTls for infants in this age group. We assess the applicability
of the AAP UTI Guideline's action statements for infants aged
<2 months presenting with first-time UTls, with an emphasis
on recent evidence. Because the considerations for bacterial
infections differ for febrile infants aged <2 months compared
with older infants, we do not discuss action statements one and
two (determination of the likelihood of UTls and decision to test
urine) and statement seven (medical evaluation for fever after
first UTI).3 Additionally, because concomitant bacteremia and
meningitis are more common in this age group than in older
infants, we review some of the controversies surrounding the di-
agnosis and treatment of these disease entities.

DIAGNOSIS

“Action Statement 3: To establish the diagnosis of UTI, cli-
nicians should require both urinalysis results that suggest in-
fection (pyuria and/or bacteriuria) and the presence of at least
50,000 colony-forming units (CFUs) per mL of a uropathogen
cultured from a urine specimen obtained through catheteriza-
tion or SPA."?
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assess the applicability of the AAP UTI Guideline's action
statements for previously healthy, febrile infants <2 months
of age. We also discuss additional considerations in this age
group, including concurrent bacteremia and routine testing
for meningitis. Journal of Hospital Medicine 2020;15:176-
180. © 2020 Society of Hospital Medicine

To distinguish asymptomatic bacteriuria or contamination
from a true UTI, the AAP Guideline requires both a positive
urinalysis (UA) and culture for a diagnosis of a UTL. Historically,
the UA was considered to be poorly sensitive for infections in
young infants, with older studies reporting sensitivities ranging
from 40% to 82% using urine culture as the gold standard.*’
Thus, infants aged <2 months with positive urine cultures and
negative UAs are often treated as having true UTls, though this
practice varies by institution.® Possible explanations for the low
UA sensitivity in this population include rapid bladder empty-
ing, immature immune systems, and inability to concentrate
urine. However, a negative UA plus a positive urine culture
could also represent a “true negative” UA and a “false pos-
itive” culture, a finding that may be more common in young
infants in whom sterile urine obtainment is often challenging.

Two recent studies have addressed this issue by evaluating
the UA sensitivity in patients with bacteremic UTls, as growth
of the same pathogenic organism from the blood and urine
almost certainly represents true infection.”'® In a retrospective
study of 203 infants aged <3 months with bacteremic UTls, the
presence of any leukocyte esterase (LE) or pyuria (>3 white
blood cells per high-powered field [WBC/HPF]) had a sensi-
tivity of 99.5% (95% Cl: 98.5%-100%) and specificity of 93.9%
(95% CI: 87.8%-93.2%).” In a prospective, multicenter study of
4,147 febrile infants aged <60 days, of whom 27 infants had
bacteremic UTls, a positive UA (any LE, >5 WBC/HPF, or ni-
trite) had a sensitivity and specificity of 1.00 (95% Cl: 0.87-1.00)
and 0.91 (95% ClI: 0.90-0.91), respectively.’® Although screening
tests may appear to have higher sensitivity in more severely
diseased populations (“spectrum bias”)," it is not clear that
infants with bacteremic UTls are definitively sicker than in-
fants with nonbacteremic UTls (see “bacteremic UTI" section
below). Additionally, this study found similarly excellent sen-
sitivity (0.94 [95% Cl: 0.90-0.96]) and specificity (0.91 [95% CI:
0.90-0.91]) of the UA among infants with nonbacteremic UTls,
including infants <28 days old."

UA sensitivity (using urine culture as the gold standard) may

An Official Publication of the Society of Hospital Medicine



be lower for non-Escherichia coli UTIs.?'%'2 |In a retrospective
study that included 90 infants <2 months old with UTls, urine
cultures yielding Pseudomonas aeruginosa, Enterococcus, or
Klebsiella species were significantly less likely (odds ratio [95%
Cl]: 0.19 [0.06-0.60]; 0.14 [0.07-0.28]; 0.34 [0.17-0.68], respec-
tively) to have pyuria (=5 WBC/HPF) or LE (1+ or greater) than
urine cultures yielding E. coli.,'? though an alternative explana-
tion for this finding is that these organisms may be more likely
to cause asymptomatic bacteriuria or contamination.'

The appropriate CFU/mL threshold to define a UTI and the
extent that this threshold should vary by urine collection meth-
ods are still unclear. In the aforementioned bacteremic UTI
study,’ 12 patients with E. coli bacteremia had urine cultures
with <50,000 CFU/mL plus pyuria (WBC or LE) in the UA, indi-
cating that true UTls may occur with <50,000 CFU/mL.

Based on these recent studies, we believe that the rec-
ommendation to incorporate UA results into the diagnoses
of UTls can be applied to infants <2 months old, as well as
consideration for a UT! for colony counts of 210,000 CFU/mL if
the UA is positive. For infants with positive urine cultures and
negative UAs who have not received antibiotics, we suggest
repeating both studies if treatment is being considered. For
those who have started antibiotics, the pretest probability of a
UT, initial illness severity, and risks and benefits of continuing
treatment should be considered.

TREATMENT

“Action Statement 4a: When initiating treatment, the clini-
cian should base the choice of route of administration on prac-
tical considerations. Initiating treatment orally or parenterally
is equally efficacious. The clinician should base the choice of
agent on local antimicrobial sensitivity patterns (if available)
and should adjust the choice according to sensitivity testing of
the isolated uropathogen.”

Most infants <2 months old with UTls are hospitalized ini-
tially because of fever. Therefore, the decision point for most
clinicians is not whether to hospitalize but for how long to
hospitalize and treat with intravenous (IV) antibiotics prior to
discharging home on oral antibiotics. Although all-oral an-
tibiotic regimens are used to treat UTls in older infants and
children,"*"® to our knowledge, there are no randomized con-
trolled trials (RCTs) comparing all-IV vs all-oral antibiotics or a
longer vs shorter initial IV course that include infants <1 month
old. In the trials that do include infants aged 1-2 months,
the number of subjects in this age group is too small to draw
conclusions, a finding supported by a 2014 Cochrane review."
An adequately powered RCT of different IV antibiotic dura-
tions in this age group would be challenging. For example,
nearly 1,000 subjects would be needed to demonstrate a sta-
tistically significant difference between a 5% and 10% relapse
risk between groups, a difference that some may find clinically
important.

The paucity of evidence in this age group may explain the
considerable variability in the approach to IV antibiotic dura-
tion in young infants. Concerns about enteral absorption and
underdeveloped immune systems may prompt some physi-
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cians to treat the youngest patients more aggressively. One
study demonstrated that the proportion of patients <2 months
old receiving prolonged courses (>4 days) of IV antibiotics for
UTls in 46 U.S. children’s hospitals ranged from 0% to 67%.2°
Similar variability across hospitals has been described in other
observational studies??? and across subspecialties in one sur-
vey of pediatricians.?

Several observational studies provide additional evidence
supporting shorter IV courses. In two studies that examined
administrative databases, there was no difference in treat-
ment failure rates between infants aged <2 months® and <é
months?' receiving longer (24 days) vs shorter IV courses. In
a study of 172 infants <1 month old with UTls, the median IV
duration was 4 days (range 2-12 days), and no subjects experi-
enced treatment failure or relapse.?* In a multicenter study of
251 infants <3 months old with bacteremic UTls, mean IV anti-
biotic durations ranged from 5.5-12 days, and no patient had a
relapsed bacteremic UTI. Six infants (2.4%) had a relapsed UTI
without bacteremia, with no association between |V antibiotic
duration and relapse.?

Based on the available data and known risks of hospital-
ization and prolonged IV therapy, a reasonable approach
for infants <1 month old would be to hospitalize for two to
three days while awaiting blood and cerebral spinal fluid (CSF)
culture results. Given the possibility of Enterococcus or En-
terobacteriaceae that are resistant to third-generation ceph-
alosporins, standard therapy of ampicillin and gentamicin for
febrile neonates is reasonable, assuming there is no concemn
for meningitis. Antibiotics should be narrowed when suscep-
tibilities are known. Once culture results return and signs and
symptoms have resolved, discharge home on oral antibiotics is
justifiable based on the available literature. For well-appearing
infants aged 1-2 months with a presumptive UTI (based on UA
results), if hospitalization is not warranted for other reasons,
then we recommend outpatient treatment with oral or intra-
muscular therapy based on local susceptibilities (typically a
cephalosporin) and close follow-up for one to two days while
awaiting culture results. Although empiric cephalosporin ther-
apy may not provide 100% coverage for all potential organ-
isms, clinical deterioration is uncommon in infants and children
receiving discordant therapy.?®

“Action Statement 4b: The clinician should choose 7 to 14
days as the duration of antimicrobial therapy."3

The AAP’s recommendation to provide antibiotics (by oral
or parenteral route) for a minimum of seven days total stems
from a 2002 meta-analysis comparing long (7-14 days) vs short
(<3 days) courses, where the pooled relative risk of treatment
failure with short-course therapy was 1.94 (95% Cl: 1.19-3.15).%
However, in this analysis, the trials that demonstrated inferior-
ity with short courses were all trials that used single doses of
antibiotics, and a similar Cochrane review comparing 2-4 days
with 7-14 days demonstrated no differences in outcomes.?’
Therefore, shorter total courses, but not a single dose, are
probably appropriate for most UTls in children. Although
there are no obvious biologic reasons why longer total cours-
es would be needed in young infants, there are unfortunately
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limited data comparing different total antibiotic durations in
this age group. We believe that 7-14 days of total therapy is
a reasonable recommendation for infants <2 months old, and
that future studies should investigate shorter total courses.

IMAGING
"Action Statement 5: Febrile infants with UTls should under-
go renal and bladder ultrasonography (RBUS)."?

The AAP Guideline acknowledges that the RBUS is a poor
screening test for the detection of genitourinary abnormalities
in infants.® The RBUS can be normal in infants with vesicouret-
eral reflux (VUR) or show nonspecific findings of unclear clinical
significance.?® In a prospective study of 220 infants <3 months
old by Tsai et al, 9/39 infants (23%) with grade IlI-V VUR had
normal RBUS.? Studies that included older infants have found
a similar false-negative rate of 0%-40% for detecting grade V-V
VUR by RBUS.? Nonetheless, since a RBUS is safe and nonin-
vasive, we feel that the benefits of screening for abnormalities
such as hydronephrosis (that could indicate posterior urethral
valves or ureteropelvic junction obstruction) outweigh the risks
(eg, false positives, overdiagnosis, and cost) of performing a
RBUS after a first-time UTI.

“Action Statement 6a: Voiding cystourethrography (VCUG)
should not be performed routinely after the first febrile UTI;
VCUG is indicated if RBUS reveals hydronephrosis, scarring, or
other findings that would suggest either high-grade VUR or
obstructive uropathy, as well as in other atypical or complex
clinical circumstances."?

“Action Statement 6b: Further evaluation should be con-
ducted if there is a recurrence of febrile UTI."3

The RBUS may be normal in infants with VUR. Therefore, the
AAP’s recommendation to perform a VCUG only if the RBUS is
abnormal or after a recurrent UTI concedes that there will be
infants with VUR who are missed after the first UTI.3

The United Kingdom’s National Institute for Health and
Care Excellence guideline recommends a VCUG for infants
<6 months old with a bacteremic or non-E. coli UTI.*¥*Whether
high-grade VUR is more common in young infants with bacte-
remic UTls than nonbacteremic UTls remains inconclusive. In
the Honkinen et al. study that included 87 infants <3 months
old with bacteremic UTls, the prevalence of grade IV-V VUR
(10%) and obstruction (7%) was higher than that of the 88 non-
bacteremic infants (2% grade V-V VUR and 2% with obstruc-
tion). In the multicenter study of 251 infants <3 months old
with bacteremic UTls, the prevalence of grade IV-V VUR was
12.1%.3" This is higher than that of the nonbacteremic infants
in Honkinen et al.’s study® but more similar to the prevalence
of grade IV-V VUR found in Tsai et al. (8.2%) and Ismaili et al.'s
(7.0%) studies of UTls in general .23

There does appear to be a higher prevalence of urinary
tract abnormalities in young infants with non-E. coli vs E. coli
UTls.31323435 The odds of an abnormal VCUG was 8.0 (95% ClI:
2.3-28) times higher for non-E. colithan E. coli UTls in the study
of 251 bacteremic infants.®' In a study of 122 infants <3 months
old, the odds of grade llI-V VUR was 10 (95% Cl 2.6-41) times
higher for non-E. coli than E. coli UTls.%
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However, the need for early detection of VUR is controver-
sial, and VCUGs are invasive, involve ionizing radiation, and
may require sedation. Two recent trials (one which included
only children with VUR and another in which 42% of subjects
had VUR) demonstrated a modest effect of prophylactic anti-
biotics in preventing recurrent UTls (>5,000 doses of antibiot-
ics needed to prevent one UTI recurrence), but the effect size
did not differ by the presence or degree of VUR, and neither
demonstrated any benefit in reducing future renal scarring.%¥
The benefit of surgical interventions for VUR also remains un-
clear, though studies are limited.*®® Overall, there is no evidence
suggesting that infants <2 months old require more vigilance
for VUR detection than the 2-24 month age group.

SPECIAL CONSIDERATIONS
Bacteremic UTI
The prevalence of bacteremia in infants <60 days old with UTls
was 9% in a study conducted from 2008 to 2013 in 26 EDs and
has ranged from 3% to 17% in older studies.’® % Many studies
have described similar clinical and laboratory findings in young
infants with bacteremic and nonbacteremic UTls.¥4! Despite
this, bacteremic UTls have been associated with prolonged
parenteral antibiotic courses, resulting in longer hospitaliza-
tions and increased costs.* Two recent multicenter studies of
infants with bacteremic UTls (251 infants <3 months old® and
115 infants <60 days old*) demonstrated variable IV courses
and no association between IV duration and relapsed UTI. The
latter study showed no risk difference in the adjusted 30-day
UTI recurrence (risk difference 3%, 95% Cl: =5.8 to 12.7) or all-
cause reutilization (risk difference 3%, 95% Cl: —14.5 to 20.6)
between long and short IV groups.®? Neither study had pa-
tients with relapsed bacteremic UTls or reported that patients
suffered clinical deterioration while on oral antibiotics.?>42
Based on these data demonstrating that adverse outcomes
are rare in infants with bacteremic UTls and not associated with
parenteral antibiotic duration, we recommend short parenteral
courses (2-3 days) with conversion to oral therapy once infants
have clinically improved.

Positive Urinalysis and Testing for Meningitis

Multiple risk stratification algorithms for febrile infants aged
<60 days categorize infants with a positive UA (and therefore
likely UTI) as high-risk for having concomitant bacteremia or
meningitis, for which lumbar puncture (LP) is typically recom-
mended.®*% The risk of not testing CSF is the potential to
insufficiently treat meningitis because treatment for UTls and
meningitis differ in dosing, route, and duration. Recent studies
have challenged the practice of routine LPs for infants aged
1-2 months with a suspected UTI due to the low prevalence
(09%-0.3%) of concomitant meningitis.#¢* A meta-analysis of
20 studies reporting rates of concomitant meningitis with UTI
in infants aged 29-90 days found a pooled prevalence of 0.25%
(95% CI: 0.09%-0.70%).# Furthermore, a study of febrile infants
ages 29-60 days found that the prevalence of meningitis did
not differ between those with a positive vs negative UA (3/337
[0.9%] vs 5/498 [1.0%], respectively), suggesting that a positive
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UA alone should not modify the pretest probability of menin-
gitis in this age group.®

Two studies have also examined the risk of delayed menin-
gitis among infants <60 days old treated for UTls without CSF
testing. A northern California study that examined 345 epi-
sodes among 341 UA-positive infants aged 29-60 days found
zero cases (95% Cl: 0%-1.1%) of delayed meningitis within 30
days of evaluation.® A multicenter study of well-appearing fe-
brile infants aged 7-60 days found 0/505 cases (95% Cl: 0%-
0.6%) of delayed meningitis within 7 days of discharge; 407
(81%) were aged 31-60 days.>" In summary, studies have shown
a low rate of concomitant meningitis and a low risk of delayed
meningitis in infants aged 1-2 months treated for UTI without
CSF testing. Given this, clinically targeted (eg, based on ill ap-
pearance and/or lethargy), rather than routine, CSF testing in
this age group can be considered.

CONCLUSION

While the AAP UTI Guideline is directed toward 2-24-month-
old infants, recent evidence suggests that action statements
3-6 apply to infants <2 months old. Incorporation of pyuria as
a diagnostic criterion for UTls, early transition to oral therapy,
and selective VCUG testing are all warranted based on the
available evidence and consideration of known risks and bene-
fits. Future studies with larger sample sizes that include infants
<2 months old would be beneficial to ensure that the available
studies, which have relatively small cohorts, do not suffer from
type Il error. We propose that future studies examine shorter
(<7 days) vs longer total antibiotic duration, shorter vs longer
initial IV antibiotics (especially in infants <1 month old or with
bacteremic UTls), and whether RBUS can be performed in a
targeted manner. RCTs comparing universal vs targeted im-
aging strategies would help ascertain whether the increased
diagnostic yield that accompanies more aggressive imaging
strategies translates into improved outcomes. Application of
these AAP guidelines to the <2-month age group and en-
hancement of the evidence base can promote the high-value
care of young infants with UTls.

Disclosures: Dr. Chang and Dr. Wang have no conflicts of interest disclosures.
Dr. Schroeder has received honoraria for grand rounds presentations on the
subject of urinary tract infections.
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