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determine factors associated with cerebrospinal ﬂuid (CSF) testing
in febrile young infants with a positive urinalysis and assess the probability of delayed
diagnosis of bacterial meningitis in infants treated for urinary tract infection (UTI) without
CSF testing.

BACKGROUND AND OBJECTIVES: To

abstract

We performed a retrospective cohort study using data from the Reducing Excessive
Variability in Infant Sepsis Evaluation quality improvement project. A total of 20 570 wellappearing febrile infants 7 to 60 days old presenting to 124 hospitals from 2015 to 2017 were
included. A mixed-effects logistic regression was conducted to determine factors associated
with CSF testing. Delayed meningitis was deﬁned as a new diagnosis of bacterial meningitis
within 7 days of discharge.
METHODS:

RESULTS: Overall, 3572 infants had a positive urinalysis; 2511 (70.3%) underwent CSF testing.
There was wide variation by site, with CSF testing rates ranging from 64% to 100% for infants
7 to 30 days old and 10% to 100% for infants 31 to 60 days old. Factors associated with CSF
testing included: age 7 to 30 days (adjusted odds ratio [aOR]: 4.6; 95% conﬁdence interval
[CI]: 3.8–5.5), abnormal inﬂammatory markers (aOR: 2.2; 95% CI: 1.8–2.5), and site volume
.300 febrile infants per year (aOR: 1.8; 95% CI: 1.2–2.6). Among 505 infants treated for UTI
without CSF testing, there were 0 (95% CI: 0%–0.6%) cases of delayed meningitis.
CONCLUSIONS: There was wide variation in CSF testing in febrile infants with a positive urinalysis.
Among infants treated for UTI without CSF testing (mostly 31 to 60-day-old infants), there
were no cases of delayed meningitis within 7 days of discharge, suggesting that routine CSF
testing of infants 31 to 60 days old with a positive urinalysis may not be necessary.
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WHAT’S KNOWN ON THIS SUBJECT: A positive urinalysis places a febrile infant in
the high-risk group in many risk stratiﬁcation algorithms. Little is known about
cerebrospinal ﬂuid (CSF) testing practices and the risk of not performing CSF
testing in infants with a positive urinalysis.
WHAT THIS STUDY ADDS: There is wide variation in CSF testing in febrile young
infants with a positive urinalysis. Among infants with a positive urinalysis treated
for urinary tract infection without CSF testing, none were diagnosed with
meningitis within 7 days of discharge.
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Fever is a common presenting
complaint in the young infant, with
urinary tract infection (UTI) being the
most common serious bacterial
infection in this population.1
Commonly used risk stratiﬁcation
criteria place infants with a positive
urinalysis in the high-risk category,
with cerebrospinal ﬂuid (CSF) testing
recommended in this group if not
already part of routine evaluation.2–4
Despite these criteria, there continues
to be wide variation in the diagnostic
workup performed for febrile
infants,5,6 although less is known
speciﬁcally about CSF testing
practices in infants with a positive
urinalysis.
The need for CSF testing in infants in
the second month of life who are
diagnosed with UTI has been
controversial. Authors of studies to
date that have attempted to analyze
this question have focused on the
overall prevalence of concomitant
meningitis in patients with UTI,
under the assumption that this
prevalence should drive decisionmaking. Recent estimates of
prevalence have ranged from 0.8%
to 1.2% in the ﬁrst month of life to
0% to 0.3% in the second month of
life.7–11 The risk of not performing
CSF testing in febrile young infants
diagnosed with UTI is the potential
for inadequate treatment of
a concomitant meningitis because
the recommended route, dosing, and
duration of antibiotics is different for
UTI than for meningitis.12,13 The
probability of delayed diagnosis of
meningitis in febrile young infants
treated for UTI who did not undergo
initial CSF testing is largely
unknown, with only 1 published
study to date examining this
question in a northern California
population.14 Therefore, our
objectives in this study were to (1)
determine factors associated with
CSF testing in infants with a positive
urinalysis and (2) assess the
probability of delayed diagnosis of
bacterial meningitis in infants

treated for UTI who did not receive
CSF testing.

METHODS
We conducted a secondary analysis of
data collected by the Reducing
Excessive Variability in Infant Sepsis
Evaluation (REVISE) quality
improvement project led by the
American Academy of Pediatrics
(AAP) Value in Inpatient Pediatrics
Network, which has led many
national quality improvement
projects.15,16 The goal of REVISE was
to increase the rate of appropriate
evaluation, hospitalization, and length
of stay (LOS) for well-appearing
febrile infants aged 7 to 60 days
presenting to the emergency
department (ED) or inpatient
setting.17 Of note, there were no
speciﬁc recommendations on when to
obtain CSF testing included as part of
the intervention package for this
project. A total of 124 universityafﬁliated and community hospitals
participated, and deidentiﬁed data
were collected retrospectively on
eligible patients evaluated from
September 2015 to November 2017.
This study was considered exempt by
the institutional review board of the
AAP. Sites obtained institutional
review board approval and data
sharing agreements as required by
their own site.

Inclusion and Exclusion Criteria
Well-appearing infants 7 to 60 days
old were included if they were
evaluated for fever without a source
(temperature $38.0°C) in the site’s
ED or admitted to the site’s inpatient
setting and discharged from the site’s
ED or inpatient unit. Patients were
excluded if they were not wellappearing on presentation (deﬁned as
having documented terms in the
chart such as “toxic,” “ill-appearing,”
“lethargic,” “sick-appearing”), had
comorbidities predisposing to severe
or recurrent bacterial illness
(including genetic, congenital,
chromosomal, neuromuscular, or

neurodevelopmental abnormalities),
had a discharge diagnosis of
bronchiolitis, or transferred to or
from another inpatient setting.
Eligible patients were identiﬁed by
investigators at each site, and only
patients who met inclusion criteria
without any exclusion criteria based
on manual chart review were entered
into the database. The number of
excluded patients and reasons for
exclusion were not collected.

Variables and Deﬁnitions
Age was recorded dichotomously as
either 7 to 30 days or 31 to 60 days. A
positive urinalysis result was deﬁned
as the presence of a positive
leukocyte esterase result (including
trace), a positive nitrite result, or .5
white blood cells (WBCs) per highpower ﬁeld. Presence of abnormal
inﬂammatory markers was recorded
as a dichotomous variable and
deﬁned as the presence of $1 of the
following: (1) WBC count ,5000 or
.15 000/mm3; (2) absolute band
count $1500 cells per mm3; (3)
bands-to-total neutrophil ratio $0.2;
(4) elevated C-reactive protein or
procalcitonin as deﬁned by the
institutional range; or (5) CSF WBC
count .8/mm3 or positive Gramstain result (if CSF obtained).
Although these CSF studies do not
necessarily constitute systemic
inﬂammatory markers, these
parameters were included to riskstratify infants regarding appropriate
hospitalization. Data on individual
inﬂammatory marker results were
not collected. Receipt of empiric
antibiotics was deﬁned as receipt of
antibiotics within 24 hours of arrival
to the ED or direct admission. LOS
was deﬁned as time between the ﬁrst
vital sign and placement of the
discharge order (inclusive of the ED
visit if at the same institution).
The REVISE data tool was designed to
capture physician practice regarding
treatment of infection; therefore,
patients were categorized as
receiving treatment for UTI if there
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was a “yes” answer to the question,
“Did the urine culture grow an
organism that was treated as
a pathogen with a full course of
antibiotics?” Similarly, patients were
categorized as receiving treatment for
meningitis if there was a “yes” answer
to the question, “Did the CSF culture
grow an organism that was treated as
a pathogen with a full course of
antibiotics?” A full course of
antibiotics was deﬁned as the patient
receiving an antibiotic treatment
course for the speciﬁed infection as
determined by physician chart
review. Deﬁnitions of bacterial
infection were based on deﬁnitions
used in previous multisite
observational studies in this age
group.18,19 A delayed diagnosis of
meningitis was 1 of the balancing
measures of the quality improvement
project and was deﬁned as a “yes”
answer to the question, “Did the
patient return to the ED or get
readmitted to the hospital for new
diagnosis of bacterial meningitis
within 7 days of the date of treat and
release or hospital discharge?”
Determination of a new diagnosis of
bacterial meningitis was made
through physician chart review.
Detailed data on infecting organism
and treatment regimen were not
collected. Information on hospital
characteristics was collected through
a survey completed by the site lead at
the beginning of the project. Team
members were trained on data
deﬁnitions and data entry into
a standardized online tool via
webinars.

Statistical Analysis
We refer to cumulative incidence
proportions as rates. When examining
rates of CSF testing by individual
hospital site, we limited the sample to
sites with $10 patients with
a positive urinalysis in the respective
age groups. To determine the
association between the receipt of
CSF testing and patient and site
characteristics, we included all
patients who had a urinalysis

FIGURE 1

Cohort ﬂow diagram.

performed before the decision to
admit or discharge from the ED. We
used multilevel mixed-effects logistic
regression and included patient and
site characteristics that were selected
a priori. Hospital site was included as
a random effect to adjust for
clustering. We “marginalized” the
estimated coefﬁcients from our
mixed-effects models so that our
estimates reﬂected the average effect
across hospitals rather than the effect
for an average hospital.20 The rate of
delayed diagnosis of meningitis was
calculated by using a ClopperPearson 1-sided exact 95%
conﬁdence interval (CI).21 Data were
analyzed using Stata version 15 (Stata
Corp, College Station, TX).22

RESULTS
Patient Population and CSF Testing
by Urinalysis Results
There were 20 570 well-appearing
febrile infants 7 to 60 days old

included in the REVISE quality
improvement project. The majority
(18 379 of 20 570; 89.4%) underwent
urinalysis before the decision to
admit or discharge from the ED, and
3572 of 18 379 (19.4%) had
a positive urinalysis (Fig 1). Urine
cultures were obtained by straight
catheterization and/or suprapubic
aspirate in 89% and “other/
unknown” method in 10% of 3572
infants (1% had missing data).
Seventy percent of patients with
a positive urinalysis had CSF testing
performed, and the proportion of
infants with CSF testing was higher in
the group with a positive urinalysis
when compared to the group with
a negative urinalysis (70.0% vs
58.1%; P , .001). When comparing
infants with a positive versus
negative urinalysis who underwent
CSF testing, there was no difference
in the percentage of infants who
received treatment for bacterial
meningitis (0.7% vs 0.9%; P = .37;
Supplemental Table 4). Among
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infants with a positive urinalysis, the
group that underwent CSF testing had
a higher proportion of infants who
were male, 7 to 30 days of age, and
who had abnormal inﬂammatory
markers when compared with the
group who did not receive CSF testing
(Table 1).

TABLE 1 Characteristics of Infants With a Positive Urinalysis by Receipt of CSF Testing

Subjects
Age, d
7–30
31–60
Sex
Male
Female
Abnormal inﬂammatory
marker
Yes
No
Not obtainedb
Hospitals
University afﬁliated
Yes
No
Urban setting
Yes
No
Annual volume of febrile
infants
,100
101–300
.300
Region
Northeast
Midwest
South
West

Variation in CSF Testing in Patients
With a Positive Urinalysis by Hospital
Site
There was substantial variation in the
percentage of infants with a positive
urinalysis who underwent CSF
testing. Among the 62 hospital sites
with $10 patients 7 to 30 days old
with a positive urinalysis, the
proportion of patients who
underwent CSF testing ranged from
64% to 100% (Fig 2). Among the 77
hospital sites with $10 infants 31 to
60 days old with a positive urinalysis,
CSF testing rates ranged from 10%
to 100%.

Factors Associated With CSF Testing
in Infants With a Positive Urinalysis
a

In multivariable analysis, infants with
a positive urinalysis were more likely
to undergo CSF testing if they were 7
to 30 days of age (adjusted odds ratio
[aOR]: 4.6; 95% CI: 3.8–5.5) and had
abnormal inﬂammatory markers
(aOR: 2.2; 95% CI: 1.8–2.5) (Table 2).
CSF testing was also more likely to be
done in patients seen at hospitals
with an annual volume of .300
febrile infants (aOR: 1.8; 95% CI:
1.2–2.6) when compared to hospitals
with an annual volume of #100
febrile infants and less likely to be
done in the Midwest region (aOR: 0.6;
95% CI: 0.4–0.8) when compared
with the Northeast. Sex, university
afﬁliation, and urban setting were not
associated with CSF testing. After
accounting for patient and hospital
characteristics (Table 2), CSF testing
in patients with a positive urinalysis
was affected by hospital site (P ,
.001) with an intraclass correlation
coefﬁcient of 11.2% (95% CI:
2.4%–16.9%).

b

No CSF Testing Performed (n =
1061), n (%)

CSF Testing Performed
(n =
2511), n (%)

187 (17.6)
874 (82.4)

1281 (51.0)
1230 (49.0)

559 (52.7)
502 (47.3)

1546 (61.6)
965 (38.4)

Pa

,.001
,.001
,.001
426 (40.1)
556 (52.4)
79 (7.4)

1524 (60.7)
934 (37.2)
53 (2.1)

667 (62.9)
394 (37.1)

1681 (67.0)
830 (33.1)

743 (70.0)
318 (30.0)

1898 (75.6)
613 (24.4)

.019

.001

,.001
336 (31.7)
383 (36.1)
342 (32.2)

671 (26.7)
849 (33.8)
991 (39.5)

144
329
322
266

408
572
936
595

,.001
(13.6)
(31.0)
(30.3)
(25.7)

(16.3)
(22.8)
(37.3)
(23.7)

P value is calculated from the x2 test.
This reﬂects the number of patients who did not receive a complete blood cell count, C-reactive protein, or procalcitonin.

Delayed Diagnosis of Meningitis in
Patients Treated for UTI Who Did Not
Receive CSF Testing
Of the 1061 infants with a positive
urinalysis who did not undergo CSF
testing, 734 (69.2%) received empiric
antibiotics and 505 received a full
course of treatment for UTI (Fig 3).

Among the 505 infants treated for
UTI without CSF testing, most (407 of
505; 80.5%) were 31 to 60 days of
age, and median LOS was 49 hours
(interquartile range [IQR]: 29–65)
(Table 3). Of the 483 infants (95.6%)
discharged from the ED or
hospitalized for ,14 days, 13 (2.7%)

FIGURE 2
Proportion of infants with a positive urinalysis who underwent CSF testing by hospital site. Includes
hospital sites with $10 patients with a positive urinalysis in the respective age groups. A, A total of
62 sites were included; median number of patients per site was 16 (IQR: 13–21). B, A total of 77 sites
were included; median number of patients per site was 20 (IQR: 14–27).
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TABLE 2 Factors Associated With CSF Testing in Infants With a Positive Urinalysis
a

aOR (95% CI)
Subjects
Age, d
7–30
31–60
Sex
Male
Female
Abnormal inﬂammatory marker
Yes
No
Hospitals
University afﬁliated
Yes
No
Urban setting
Yes
No
Annual volume of febrile infants
.300
101–300
#100
Region
Midwest
South
West
Northeast

4.6 (3.8–5.5)
Reference
1.1 (1.0–1.3)
Reference
2.2 (1.8–2.5)
Reference

1.1 (0.8–1.4)
Reference
1.0 (0.7–1.4)
Reference
1.8 (1.2–2.6)
1.3 (0.9–1.8)
Reference
0.6 (0.4–0.8)
0.9 (0.6–1.4)
0.6 (0.4–1.0)
Reference

Model excludes 132 of 3572 (3.7%) patients who did not have serum inﬂammatory markers done.
a Our single mixed-effects multilevel model included these 7 factors as ﬁxed effects and hospital site as a random effect to
adjust for clustering. Estimated coefﬁcients from the mixed-effects models were marginalized to reﬂect the average effect
across hospitals.

had bacteremia. Nine of the 505
infants treated for UTI (1.8%) had
a LOS $14 days, and 6 of these
infants had positive blood culture
results and were treated for
bacteremia. There were 0 of 505
cases of delayed diagnosis of
meningitis (0%; 95% CI: 0%–0.6%)
within 7 days of ED or hospital
discharge. Infants 7 to 30 days old
had 0 of 98 cases (0%; 95% CI:
0%–3.0%), and infants 31 to 60 days
old had 0 of 407 cases (0%, 95% CI
0%–0.7%).

DISCUSSION
In a nationally representative cohort
of .3500 well-appearing febrile
infants #60 days of age with
a positive urinalysis, nearly 30% did
not receive CSF testing, although
these patients are classiﬁed as high
risk by multiple risk stratiﬁcation
algorithms in which CSF testing
would be recommended. We

demonstrate wide variation in CSF
testing between hospital sites in this
population. An age of 7 to 30 days,
abnormal inﬂammatory markers, and
high annual volume of febrile infants
were associated with increased CSF
testing. No cases of delayed bacterial
meningitis within 7 days of discharge
were documented in infants who
were treated for UTI without CSF
testing, most of whom were 31 to 60
days old.
Previous studies have reported that
a substantial proportion of febrile
infants in other high-risk groups (eg,
# age 28 days) often do not undergo
CSF testing.5,23 In our cohort of
febrile infants with a positive
urinalysis, both younger age and
abnormal inﬂammatory markers
were associated with increased
CSF testing in our model, which
would be consistent with criteria
promoted by major risk stratiﬁcation
2
algorithms. –4,24 High institutional

volume of febrile infants (.300
infants per year) was also associated
with CSF testing, which could
reﬂect institutional guidelines that
incorporate published algorithms at
larger centers. Previous work has
revealed that children’s hospitals
with clinical practice guidelines were
more likely to perform CSF testing
in young febrile infants.6
Our ﬁnding of 0 of 505 cases of
delayed meningitis within 7 days
among infants who were treated for
UTI without CSF testing is consistent
with a recent study by Young et al14
using data from Kaiser Permanente
Northern California. They reported
0 of 345 cases of delayed diagnosis of
meningitis within 30 days of initial
evaluation among infants with
a positive urinalysis in the second
month of life treated empirically with
antibiotics for UTI without CSF
testing (213 had a positive urine
culture result). Our study
demonstrates similar results using
a larger, nationally representative
sample that includes universityafﬁliated and community sites. These
ﬁndings suggest that there may be
a subset of well-appearing febrile
young infants with a positive
urinalysis for whom the risks of CSF
testing (procedural complications,
family anxiety, traumatic taps,
prolonged hospitalizations, or empiric
treatment due to indeterminate
results) outweigh the beneﬁts (early
diagnosis of bacterial meningitis and/
or avoidance of the potential difﬁculty
in interpretation of CSF pleocytosis in
a pretreated child).
The absence of any reported cases of
delayed meningitis within 7 days has
several potential explanations. First,
it could reﬂect the overall low rate of
concomitant UTI and meningitis,
reported to be from 0.8% to 1.2% in
the ﬁrst month of life and 0% to 0.3%
in the second month of life.7–11
Second, these results may also reﬂect
the ability of practitioners to use
clinical and laboratory data to select
patients who they believed were at
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without a source was conﬁrmed by
chart review, ensuring appropriate
cohort identiﬁcation and minimizing
the probability of misclassiﬁcation,
which may be present in studies in
which only administrative data were
26
used. Lastly, whereas most previous
related studies were focused
exclusively on the probability of
meningitis in infants with UTI, to our
knowledge, this study represents the
largest study to date in which the
probability of delayed diagnosis of
meningitis in infants treated for UTI
without initial CSF testing is reported.

FIGURE 3
Delayed diagnosis of meningitis in febrile well-appearing infants treated for UTI without CSF testing.

higher risk of meningitis and required
CSF testing.25 Third, cases of delayed
meningitis may not have been
captured during the follow-up period
if they presented to another
institution. Fourth, a small percentage
of patients may have been treated
presumptively for meningitis despite
not receiving CSF testing because of
their clinical presentation, presence
of bacteremia, or other factors. A
lumbar puncture may have been
unsuccessful or declined by the
family. Nine infants (1.8%) treated for
UTI without CSF testing had a LOS

$14 days, and although detailed
clinical information is not available,
these infants likely received
parenteral antibiotics during that
time. Fifth, some infants who received
several days of parenteral antibiotics
may have had sufﬁcient treatment for
early, undiagnosed meningitis.
The strengths of this study are that it
represents recent data from a large,
nationally representative pediatric
cohort including both universityafﬁliated and community hospitals. In
addition, the diagnosis of fever

TABLE 3 LOS by Age Group of Infants Treated for UTI Without CSF Testing

LOS, h, median (IQR)
Disposition, n (%)
Discharged from the ED
Admitted infants by LOS
,48 h
2–6 d
7–13 d
$14 d

All Infants
(N = 505)

Age 7–30 d
(n = 98)

Age 31–60 d
(n = 407)

49 (29–65)

72 (49–162)

46 (19–61)

98 (19.4)
143
228
27
9

(28.3)
(45.2)
(5.4)
(1.8)

2 (2.0)
18
56
15
7

(18.4)
(57.1)
(15.3)
(7.1)

96 (23.6)
125
172
12
2

(30.7)
(42.3)
(3.0)
(0.5)

There are several limitations to this
study. First, the data were collected as
part of a multisite quality
improvement initiative; consequently,
interrater reliability was not
assessed, and automated quality
checks were not able to be
performed. However, sites received
standard training on data deﬁnitions
and data entry through multiple
webinars and project materials.
Second, detailed data on symptoms,
examination ﬁndings, laboratory
studies, and treatment regimen were
not collected. Thus, our regression
model may not have all relevant
patient-level characteristics that
could inﬂuence the decision to
perform CSF testing. Third, not all
infants received inﬂammatory
markers, and the measure of
abnormal inﬂammatory markers
combined tests with variable
performance characteristics into
a single surrogate, so we were unable
to evaluate the relationship between
the type of inﬂammatory marker used
or the magnitude of the abnormality
on CSF testing. In addition, inclusion
of CSF parameters in the abnormal
inﬂammatory marker variable may
have overestimated the association of
serum inﬂammatory markers with
CSF testing if infants had pleocytosis
without elevation of serum
inﬂammatory markers. However,
previous research in infants with
UTIs has revealed that sterile
pleocytosis is associated with higher
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WBC and band counts.10 Our data
captured a provider’s clinical
diagnosis rather than a disease
diagnosis based solely on laboratory
data, which might overestimate rates
of infection because of potential
misclassiﬁcation. However, provider
documentation of a treatment course
for UTI (with or without laboratory
conﬁrmation) has been used as
a “gold standard” reference for the
accuracy of administrative codes to
identify hospitalized infants with
UTIs, with an 85% positive predictive
value (in contrast to a positive
predictive value of 50% for
27
laboratory-conﬁrmed UTI).
Therefore, our data reﬂect a higher
proportion of provider-conﬁrmed UTI
(100%) when compared with the
85% that would be expected with
28 29
studies using administrative codes. ,
Additionally, most of our cohort of
infants treated for UTI without CSF
testing were 31 to 60 days old, so the
low rate of delayed meningitis may
not apply to the 7 to 30 day age
group. Lastly, it is possible that cases
of delayed meningitis may have
presented after the 7-day follow-up
period. Data on timing of presentation
of partially treated meningitis is
limited; however, 1 retrospective

study of 83 children #24 months of
age pretreated with oral antibiotics
before being diagnosed with bacterial
meningitis indicated that they
presented on average 2.4 days after
30
initiation of antibiotics. Those data
suggest that most patients
#24 months of age with delayed
meningitis would present within the
7-day follow-up time period.
Regardless, more data are likely
needed to understand the time course
of presentation of delayed meningitis
in the #60-day age group.

not be needed for all infants with
a positive urinalysis in the 31 to
60 day age group. Additional large
studies are needed to further
elucidate the risk/beneﬁt proﬁle for
CSF testing in well-appearing febrile
infants with a positive urinalysis.
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