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The role of the urinalysis (UA) in the management of
young, febrile infants is controversial. To assess how
frequently infants are treated for urinary tract infection
(UTI) despite having normal UA values and to compare
the characteristics of infants treated for UTI who have
positive versus negative UAs, we reviewed 20,570 well-
appearing febrile infants 7-60 days of age evaluated at
124 hospitals in the United States who were included in
a national quality improvement project. Of 19,922 infants
without bacteremia and meningitis, 2,407 (12.1%) were
treated for UTI, of whom 2,298 (95.5%) had an initial

he sensitivity of the urinalysis (UA) in young infants has

been reported to be in the 75% to 85% range.™ This

suboptimal sensitivity has prevented a widespread

adoption of the UA as a true screening test for uri-
nary tract infection (UTI). Although infants with a positive urine
culture and a negative UA may have asymptomatic bacteriuria
(AB) or contamination,>” they are often treated for UTI.

Due to these concerns, the American Academy of Pediatrics
(AAP) recommended in their 2011 UTI Practice Guidelines that
UA criteria should be incorporated into the definition of UTL.
However, these guidelines were intended for the 2-24 month
age range, leaving a gap in our understanding of the appropri-
ate management of infants <2 months. It is unknown how UA
results influence the current management of UTI in young, fe-
brile infants. Using data from a large, nationally representative
quality improvement project surrounding the management of
febrile infants, this investigation aimed to examine how fre-
quently infants are treated for UTI despite having normal UAs
and to determine whether infant and hospital characteristics
are different in infants treated for UTI with a positive UA as
compared to those treated for UTI with a negative UA.
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UA performed. UAs were negative in 337/2,298 (14.7%)
treated subjects. The proportion of infants treated for
UTI with negative UAs ranged from 0%-35% across
hospitals. UA-negative subjects were more likely to have
respiratory symptoms and less likely to have abnormal
inflammatory markers than UA+ subjects, indicating that
they are mounting less of an inflammatory response to
their underlying illness and/or might have contaminated
specimens or asymptomatic bacteriuria. Journal of
Hospital Medicine 2019;14:101-104. © 2019 Society of
Hospital Medicine

METHODS

Subjects and Setting

This is a secondary analysis of the AAP’s Reducing Excessive
Variability in the Infant Sepsis Evaluation (REVISE) project that
involved 20,570 well-appearing infants 7-60 days of age eval-
uated in the emergency department and/or inpatient setting
for fever 238°C without a source between September 2015
and November 2017 at 124 community- and university-based
hospitals in the United States. Data were collected via chart re-
view and entered into a standardized tool for the project. This
project was deemed exempt by the AAP Institutional Review
Board. Because all data were de-identified, some sites did not
require Institutional Review Board approval while others re-
quired data sharing agreements.

Variables and Definitions

A positive UA was defined as having any leukocyte esterase,
positive nitrites, or >5 white blood cells (WBCs) per high pow-
er field. Treatment for UTI was defined using the question
“Did the urine culture grow an organism that was treated as
a pathogen with a full course of antibiotics?” Subjects treat-
ed for meningitis or bacteremia were excluded in order to
focus on uncomplicated UTI. “Abnormal inflammatory mark-
ers” were defined as having a WBC count <5,000 or >15,000
cells/mm3, an absolute band count > 1,500 cells/mm?3, a band
to neutrophil ratio of >0.2, cerebrospinal fluid (CSF) WBC
count of >8/mm?3, a positive CSF gram stain, or an elevated
C-reactive protein or procalcitonin level, as defined by the in-
stitutional range. Although technically not an “inflammatory
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TABLE. Characteristics of 2,298 Febrile Infants Treated for Urinary Tract Infection

Treated for UTI, UA-Negative

Characteristics (n=337)
Subjects
Age
7 t0 30 days 154 (45.7%)
31 to 60 days 183 (54.3%)
Sex
Boy 222 (65.9%)
Girl 115 (34.1%)
Abnormal inflammatory marker<
Yes 123 (38.4%)
No 197 (61.6%)
Respiratory symptoms
Yes 93 (27.6%)
No 244 (72.4%)
Hospitals
University-affiliated
Yes 219 (65.0%)
No 118(35.1%)
Urban setting
Yes 240(71.2%)
No 97(28.8%)
Annual volume of febrile infants
<50 12 (3.6%)
51-100 84 (24.9%)
101-200 47(14.0%)
201-300 56 (16.6%)
>300 138 (41.0%)
Region
South 137 (40.7%)
Midwest 77 (22.9%)
Northeast 71(21.1%)
West 52 (15.4%)

Treated for UTI, UA-Positive

aoR for Treatment
of UTI with Negative UA

(n=1,961) (95% Confidence Interval) Adjusted P Value

810 (41.3%) 1.3(1.02-1.7) .04
1,151 (58.7%) Referent®
1,193 (60.8%) 1.2(0.9-1.6)
768 (39.2%) Referent® 17
1,242 (65.6%) 0.3(0.3-0.4) <.001
652 (34.4%) Referent®
344 (17.5%) 1.7(1.3-2.3) <.001
1,617 (82.5%) Referent®
1,338 (68.2%) 0.9(0.6-1.3) .63
623 (31.8%) Referent®
1,455 (74.2%) 0.8(0.6-1.2) 32
506 (25.8%) Referent®
115 (5.9%) Referent® 23
442 (22.5%) 1.9(0.9-4.1)
334 (17.0%) 1.4(0.6-3.2)
289 (14.7%) 2.2 (0.9-5.0))
781 (39.8%) 2.0(0.9-4.4)
725 (37.0%) Referent® .002
460 (23.5%) 0.9(0.6-1.4)
280 (14.3%) 1.4(0.9-2.3)
496 (25.3%) 0.5(0.3-0.8)

*Mixed-effects model was used to adjust for clustering by site. Due to missing inflammatory marker data for 84 (3.7% of 2,298) children, the adjusted odds ratios were generated from 2,214

children.

bReferent odds for a 31 to 60-day old girl without elevated inflammatory markers or respiratory symptoms, who was cared for in an urban, university-affiliated hospital in the south with an annual

volume of less than 50 febrile infants was 0.15 (95% CI 0.06 to 0.35).

“Defined as white blood cell count < 5,000 or >15,000 cells/mm?; cerebrospinal fluid white blood cell count >8/mm3; positive cerebrospinal fluid gram stain; or elevated C-reactive protein or
procalcitonin per institutional range. Inflammatory markers were missing for 17 (5.0%) children with UA-negative UTI and 67 (3.4%) children with UA-positive UTI (P-value = 0.14 for difference in

proportion).
Abbreviations: aOR, adjusted odds ratio; UA, urinalysis; UTI, urinary tract infection.

marker,” CSF gram stain was included in this composite
variable because in the rare cases that it is positive, the result
would likely influence risk stratification and immediate man-
agement. Infants’ ages were categorized as either 7-30 days
or 31-60 days. Hospital length-of-stay (LOS) was recorded to
the nearest hour and infants who were not hospitalized were
assigned a LOS of 0 hours. Hospital characteristics were de-
termined through a survey completed by site leads.
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Statistics

Proportions were compared using chi-square test. We used
multilevel mixed-effects logistic regression to determine as-
sociations between patients and hospital characteristics and
UA-positivity in subjects treated for UTI. We accounted for the
hospital clustering effect with a random effect that did not vary
with patient characteristics. We “marginalized” the regression
coefficients to reflect the average effect across hospitals.?? We
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FIG. Proportion of Febrile Infants 7 to 40 Days Old Treated Having a UTI with Negative Urinalysis at 41 Sites with 20 or More UTI Cases

tested the overall importance of the hospital clustering effect
on the treatment by comparing our multilevel model to a sin-
gle-level model without hospital random effects using the like-
lihood ratio test.

RESULTS

A total of 20,570 infants from 124 hospitals were enrolled in
the REVISE project, and 648 (3.2%) were treated for bactere-
mia and/or meningitis. Of the remaining 19,922 infants, 2,407
(12.1%) were treated for UTI, of whom 2,298 (95.5%) had an ini-
tial UA performed. Urine cultures were obtained by catheter-
ization or suprapubic aspirate in 90.3% and “other/unknown”
in 9.7% of these 2,298 subjects.

UAs were negative in 337/2,298 (14.7%) treated subjects.
UA-negative subjects were more likely to be 7-30 days old (ad-
justed odds ratio [aOR] 1.3, 95% Cl 1.02-1.7) and have upper
respiratory symptoms (aOR 1.7, 95% Cl 1.3-2.3) and were less
likely to have abnormal inflammatory markers (@OR 0.3, 95% ClI
0.3-0.4) than UA+ subjects (Table). Even after accounting for
the hospital characteristics depicted in the Table, treatment
of UA-negative UTI was affected by the hospital (P < .001),
and the intraclass correlation coefficient was 6% (95% Cl, 3%
to 14%). The Figure illustrates substantial site variability in the
proportion of infants treated for UTls that were UA-negative,
ranging from 0% to 35% in hospitals with 220 UTI cases.

There was no significant difference in the proportion of cath-
eterized specimens in infants treated for UTls with negative
versus positive UAs (90% vs 92%, P = .26). The median hospital
(interquartile range) LOS in infants treated for UTI with positive
UAs was 58 (45-78) hours, compared to 54 (38-76) hours in infants
treated for UTI with negative UAs and 34 (0-49) hours in infants
who were not treated for UTI, meningitis, or bacteremia.
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DISCUSSION

In this large, nationally representative sample of febrile infants
7-60 days of age, we demonstrate that nearly 15% of young
febrile infants who are treated for UTls have normal UAs. This
proportion varied considerably among hospitals, suggesting
that there are institutional differences in the approach to the
UA. Infants treated for UA-negative UTls were more likely to
have respiratory symptoms and less likely to have abnormal in-
flammatory markers than infants treated for UA-positive UTls,
indicating that these infants are either developing a milder in-
flammatory response to their underlying illness and/or might
not have true UTls (eg due to AB or contamination).

The AAP recently updated their UTI practice parameter to
recommend inclusion of UA results as diagnostic criteria for
UTI." However, the fact that these guidelines do not include
infants <2 months creates a gap in our understanding of the
appropriate diagnostic criteria in this age group, as reflect-
ed by the site variability demonstrated in our investigation.
The fact that up to 35% of infants treated for UTI at these
different sites have normal UAs suggests that many practi-
tioners continue to treat positive urine cultures regardless
of UA values.

Several prior studies provide insight into the clinical signifi-
cance of a positive urine culture in the absence of pyuria. Wet-
tergren et al.%”'° reported growth from suprapubic aspirate in
1.4% of infants who were screened periodically with urine cul-
tures obtained by bag at well-child checks over the course of
the first year (with a point prevalence as high as 1.5% in boys
aged 0.25 to 1.9 months).”® These infants were not more likely
to have subsequent UTIs” or renal damage® than infants with-
out asymptomatic growth, leading the authors to conclude
that this growth likely represented AB. These findings empha-
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size that the probability of a positive urine culture in any infant,
even asymptomatic infants, is not insignificant.

Hoberman et al.! demonstrated that dimercaptosuccinic
acid scans did not reveal signs of pyelonephritis in 14/15 chil-
dren < 2 years of age with urine cultures growing >50,000 CFU/
mL but no pyuria on UA, and concluded that AB was the most
likely explanation for this combination of findings. Schroeder
et al.’> and Tzimenatos et al.’”? examined infants <2-3 months
with UTI and bacteremia caused by the same organism (and
hence a true infection that cannot be explained by AB or con-
tamination) and demonstrated that the UA sensitivity in this
population was 99.5% and 100%, respectively, suggesting that
the prior lower estimates of UA sensitivity in UTI in general,
may have been biased by inclusion of positive urine cultures
that did not represent UTI.

On the other hand, Shaikh et al.® recently demonstrated
that the sensitivity of the UA appears to vary by organism, with
lower reported sensitivity in non-Escherichia coli organisms,
leading the authors to conclude that this variability is evidence
of suboptimal UA sensitivity. However, an alternative explana-
tion for their findings is that non-E coli organisms may be more
likely to cause AB or contamination.™ The fact that follow-up
suprapubic aspirates on infants with untreated catheterized
cultures yielding these organisms are often negative supports
this alternative explanation.™

The median LOS in infants with UA-negative UTI was nearly
one day longer than infants not treated for serious bacterial
infection. These infants may have also undergone urinary im-
aging and possibly prophylactic antibiotics, indicating high re-
source burden created by this subgroup of infants. Expanding
AAP UTI guidelines to infants <2 months of age would likely
reduce resource utilization, but continued research is needed
to assess the safety of this approach. Young infants have im-
mature immune systems and may not develop a timely inflam-
matory response to UTI, which raises concerns about missing
bacterial infections.

Our investigation has several strengths, including the large, na-
tionally representative sample that includes both children’s and
non-children’s hospitals. Similar febrile infant investigations of this
size have previously been possible only using administrative data-
bases, but our investigation required chart review for all enrolled
infants, ensuring that the subjects were febrile, well-appearing,
and were treated for UTI. However, our findings are limited in that
data were collected primarily as part of a quality improvement ini-
tiative, and some of our thresholds for “abnormal” laboratory val-
ues might be controversial. For example, urine WBC thresholds
differ across studies, and our CSF WBC threshold of >8/mm? may
be somewhat low given prior reports that values slightly above
this threshold might be normal in infants under one month of
age.'® The original intent of the inflammatory marker composite
variable was to aid in risk stratification, but we were unable to
collect granular data for all potentially relevant variables. In plan-
ning the REVISE project, we attempted to create straightforward,
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unambiguous variables to facilitate the anticipated high volume
of chart reviews. Although patients categorized as having UTI
might not have had true UTls, by linking the “UTI" variable to
practitioner management (rather than UA and microbiologic defi-
nitions), our data reflect real-world practice.
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