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Abstract
Background Children who experience more than one urinary tract infection (UTI) are at increased risk of kidney scarring due to
their UTIs. Girls are at especially high risk for developing kidney scarring as a result of recurrent UTIs. Prior work suggested that
neutrophil gelatinase-associated lipocalin (NGAL) may be lower in children with recurrent UTI compared with those without.
The objective of this work was to compare urine NGAL concentrations in matched urine samples in girls with single and
recurrent UTIs.
Methods Girls less than 6 years of age who presented with signs and symptoms of a UTI were eligible for enrollment. Both acute,
obtained from residual urine collected as part of their clinical evaluation, and follow-up urine samples, obtained after the
completion of antibiotics when the patient was in their usual state of health, were collected from patients. Acute and follow-
up urine NGAL concentrations were compared between girls with single and recurrent UTIs, as well as those with negative
cultures who served as controls.
Results Seventy girls were included in this study, 6 controls, 43 single UTIs, and 20 girls with recurrent UTIs. Patients in the
control group had lower median acute NGAL concentrations than either those with single or recurrent UTI. There were no
differences in either acute or follow-up urine NGAL concentrations between those with single and recurrent UTIs.
Conclusion In this cohort of girls less than 6 years of age, there is no difference in urine NGAL concentrations between those with
single and recurrent UTIs.
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Introduction

Urinary tract infections (UTIs) are one of the most common
bacterial infections in children. Approximately 8% of children
with an initial UTI will go on to develop recurrent infections
[1], placing these children at increased risk for kidney scarring
[2]. However, despite the identification factors that increase
the risk of recurrent UTIs, such as vesicoureteral reflux (VUR)
[3] and bowel and bladder dysfunction (BBD) [4], accurately
predicting which children will experience a recurrent infection
at the time of the initial UTI is difficult. Indeed, one study

examined the rate of recurrent UTI in children with BBD
and found that in several subsets of patients (those without
VUR and not on prophylaxis and those with VUR and on
prophylaxis), BBD was not associated with risk of UTI or
febrile UTI, while in children with VUR and not on prophy-
laxis, BBDwas associated with recurrent UTIs, but not febrile
UTIs [4]. The authors concluded that their data highlighted the
poorly understood relationships between BBD, VUR, recur-
rent UTIs, and antibiotic prophylaxis [4]. A further complicat-
ing factor to preventing recurrent UTIs is that continuous an-
tibiotic prophylaxis, frequently used to decrease the risk of
recurrent UTI in children despite a meta-analysis that suggests
a lack of efficacy in preventing scarring [5], is associated with
increased risk of both colonization and infection with an
antibiotic-resistant organism [6]. The ability to identify which
children are at increased risk of recurrent UTI at the time of the
initial infection would allow for targeted initiation of interven-
tions, such as continuous antibiotic prophylaxis, in those chil-
dren who may disproportionately benefit from their use.
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There are several areas of gender differences with regard to
UTI. After the first few months of life [7], girls have a higher
rate of UTIs than boys: the prevalence of UTIs in girls less
than 6 years of age is 3–7%, compared with 1–2% for boys of
the same age [8–10]. Additionally, girls are more likely to
develop postnatal scarring compared with boys, who have a
higher rate of prenatal scars [11–13]. Further, in children with
prior UTIs, the only identified risk factor for progression of
kidney damage (as defined by further reduction in differential
kidney function) in boys is the presence of high-grade VUR,
while recurrent febrile UTIs are also significantly associated
with risk of progression of kidney damage in girls [14]. Taken
together, these data suggest that girls are at higher risk of
kidney scarring and continued decline in kidney function as
a result of febrile UTIs compared with boys.

Urine neutrophil gelatinase-associated lipocalin (NGAL) is
a protein that exerts a bacteriostatic effect in the urinary tract
through chelation of environmental iron [15]. As such, urine
NGAL is a part of the local innate immune system in the
bladder. Given the role that urine NGAL plays in the local
innate immune system, children who are deficient for urine
NGAL would theoretically be at risk for UTIs. Indeed, NGAL
knock-out mice have longer bacteriuria following induction of
UTI compared with controls, providing support for this hy-
pothesis. Further, a previous proof-of-concept study demon-
strated a relative decrease in urine NGAL in children with
history of recurrent UTI compared with controls [16]. The
objective of this work was to confirm this previously reported
finding of decreased urine NGAL levels in children with re-
current UTI using paired samples from girls with UTI, rather
than a convenience sample of controls used in the prior study.
Given the increased risk of acquired kidney scarring and de-
creased kidney function associated with recurrent febrile UTIs
in girls, as well as gender-based differences in normal urine
NGAL values [17], we chose to focus exclusively on girls in
this study.

Methods

Patients Girls less than 4 years of age who were diagnosed
with either a febrile or non-febrile UTI in the emergency de-
partment or general pediatrics clinic at a single free-standing
children’s hospital from March of 2016 to March of 2018
were eligible for inclusion in this study. Patients were exclud-
ed if theywere already taking antibiotics prescribed to treat the
active infections (patients who developed a UTI despite being
on prophylactic antibiotics were still enrolled); had evidence
of acute kidney injury on presentation to the emergency de-
partment; had a known immunodeficiency; had a known ab-
normality of the genitourinary tract such as hydronephrosis,
posterior urethral valves, or high-grade vesicoureteral reflux
(grade III or higher); or required clean intermittent

catheterization. Patients with uncomplicated vesicoureteral re-
flux (grades II or less) were eligible for inclusion in this study.
Patients were identified through use of VigiLanz™
(Minneapolis, MN), a real-time lab monitoring system.
Patients who had a urinalysis with any of the following pa-
rameters triggered the alert: more than 1+ leukocyte esterase,
positive nitrites, or more than 10 white blood cells. When a
patient met these criteria, an email was sent to a member of the
research team. These patients were then screened to determine
if they met inclusion criteria and residual urine sent to the lab
for urine culture. Urine cultures were followed, and if the
culture was positive for at least 50,000 colony-forming units
per milliliter of a uropathogen, the parent/guardian caregiver
was contacted for consent.

Definitions UTI was defined as per the American Academy of
Pediatrics definition: growth of ≥ 50,000 colony-forming
units per milliliter of a known uropathogen in urine culture
in combination with pyuria [18]. Children with a history of
UTI, as reported in the electronic health record or by parental
report, were in the recurrent UTI group. Children enrolled
during their first UTI were in the single UTI group. Each
patient was followed for a period of 6 months to identify
UTI recurrence. If a UTI recurred in a patient in the single
UTI group, they were moved to the recurrent UTI group.
Control patients were those who presented to the emergency
department with signs and symptoms of a UTI but had a neg-
ative urine culture.

Urine samples Acute samples were obtained from residual
urine initially collected for routine clinical purposes.
Residual urine for this study was collected from the clinical
laboratory after the patient was screened and determined to
have met inclusion criteria. Samples were centrifuged and the
supernatant aliquoted and frozen at − 80 °Cwithin 12 hours of
collection. If consent was not obtained, the samples were
discarded. The follow-up urine sample was collected at least
2 weeks following the completion of the antibiotic course
prescribed to treat the UTI, when the participants had returned
to their baseline state of health. Follow-up urine samples were
either collected by clean catch or placement of cotton balls
within the diaper on the same day the urine sample was deliv-
ered to the research team. Families were instructed to place the
sample in the refrigerator if there was a delay between sample
collection and delivery. Once the follow-up samples were re-
ceived, the urine was centrifuged and the supernatant
aliquoted and frozen as described above. Samples did not
undergo any freeze-thaw cycles prior to biomarker analysis.

Biomarker measurement Urine NGAL was measured by the
Center for Acute Care Nephrology at Cincinnati Children’s
Hospital Medical Center. Urine NGAL was measured by
ELISA (Bioporto, Grusbakken, Denmark) and urine
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creatinine by assay (Siemens Dimension RXL Max Clinical
Analyzer, Munich, Germany).

Statistical analysis Normally distributed continuous variables
were compared using ANOVA and post hoc Tukey, while
Kruskal-Wallis with a post hoc Dunn was used for non-
normally distributed variables. Categorical variables were
compared with chi-square or Fisher’s exact, as appropriate.
As we initially enrolled several children diagnosed and treated
for a UTI who ultimately had negative urine cultures (thus
comprising our control group), we used a receiver operating
curve (ROC) to determine the accuracy of urine NGAL in
predicting positive urine cultures in children with signs and
symptoms of a UTI. A p value of less than 0.05 was consid-
ered statistically significant. All statistical analyses were com-
pleted with R [19], with package pROC to generate ROC
curves [20]. This work was approved by the Cincinnati
Children’s Hospital Institutional Review Board. Written in-
formed consent was obtained from parents or guardians for
participation in this study. All data is available from the cor-
responding author upon reasonable request.

Results

Seven hundred thirty-seven unique patients were screened, of
whom 255 were eligible for inclusion and had a urine sample
that was collected within the required time period. Of these
255 patients, 163 families could not be reached for consent, 21
declined, and 70 consented (Fig. 1). The 70 girls enrolled
included 6 controls, 44 with single UTIs, and 20 children with
recurrent UTIs. Fifty-three percent of the 70 participants pro-
vided a follow-up sample (3 in the control group, 24 in the

single UTI group, and 10 children in the recurrent UTI group).
There was no difference in demographics, presence of fever
on presentation, or history of constipation between groups, for
both the entire cohort (Table 1) and the subgroup of patients
who returned the follow-up sample (Table 2). Most (94%)
patients with UTIs had Escherichia coli as the causative
pathogen.

Twenty-nine patients in this study had a kidney ultrasound
completed, including 15 of the patients in the recurrent UTI
group, 13 in the single UTI group, and one in the control
group. Twenty-three ultrasounds were normal, 4 showed du-
plex collecting systems, and one showed bilateral pelviectasis.
Fourteen patients underwent a vesicoureteral cystogram
(VCUG), five in the single UTI group and nine in the recurrent
UTI group. Of these, five patients did not have vesicoureteral
reflux (VUR), four had unilateral grade 1 VUR, one had bi-
lateral grade 1 VUR, three had unilateral grade 2 VUR, and
one had bilateral grade 2 VUR. Of the five patients in the
single UTI group who had VCUGs, three had no VUR, one
was found to have bilateral grade 1 VUR, and one had unilat-
eral grade 2 VUR.

Patients in the control group had lower median acute urine
NGAL concentrations (64 μg/g creatinine; 95% confidence
interval (CI), 14–255; interquartile range (IQR), 20–125)
compared with those in the single (820 μg/g creatinine; 95%
CI, 499–1070; IQR, 391–1561; p < 0.01) and recurrent UTI
group (899 μg/g creatinine; 95% CI, 382–2009; IQR, 368–
2066; p < 0.01). In patients for whom both acute and follow-
up samples were collected, acute NGAL concentrations were
higher in those with single UTIs (825 μg/g creatinine; 95%
CI, 348–1070; IQR, 342–1133) compared with controls
(133 μg/g creatinine; IQR, 115, 194; p < 0.05), although there
was no difference between those with recurrent UTIs (729 μg/

Fig. 1 Figure showing the
number of eligible patients, those
excluded and reason, and the
ultimate number of patients
included in this study
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g creatinine; 95% CI, 220–2009; IQR, 307–1429) and con-
trols. There was no difference in the follow-up urine NGAL
concentration between groups. Patients in the single UTI
group (282 ng/mL; 95% CI, 92–662; IQR, 88, 670) had a
greater difference in the non-normalized NGAL as compare
with controls (− 14 ng/mL; IQR, − 45, 14; p = 0.03), but this
difference did not persist when NGAL was normalized to
urine creatinine. No other differences between acute and
follow-up NGAL concentrations between the groups were
present (Table 3). There was no correlation between follow-
up urine NGAL concentrations and the number of days be-
tween the acute and follow-up measurements (standardized by
urine creatinine, R2 = 0.01, non-standardized by urine creati-
nine R2 = 0.07).

There was no difference between median non-standardized
NGAL concentrations between patients with non-febrile and
febrile UTIs (non-febrile 395 ng/mL; 95% CI, 200–45; IQR,
128, 507; febrile 454 ng/ml; 95% CI, 349–650; IQR, 227,
833; p = 0.12). However, there was a difference in the median
standardized NGAL concentrations between non-febrile and
febrile UTIs (standardized 461 μg/g creatinine; 95% CI, 325–
817; IQR, 268, 841; 1036μg/g creatinine; 95%CI, 767–1580;
IQR, 613, 2945; p < 0.01). There was also a difference in the
median urine creatinine levels between those with non-febrile
versus febrile UTIs (non-febrile 66 mg/dL; 95% CI, 51–92;
IQR, 36, 96; febrile 43 mg/dL; 95% CI, 37–56; IQR, 24, 77;
p = 0.04).

We performed an area under the receiver operating curve
(AUC) for the outcome of positive urine culture in this group
of children with both signs and symptoms of UTI. The AUC
was 0.95 (0.89–1.0) for urine NGAL not standardized by
urine creatinine and 0.96 (0.91–1.0) for urine NGAL standard-
ized by urine creatinine. At a cut-off of 269 μg/g creatinine,
NGAL has a sensitivity of 1.0 and specificity of 0.84 for a
positive urine culture. We repeated the AUC for the outcome
of positive urine culture in the subset of patients who present-
ed with fever. In this subset, the AUC for urine NGAL not
standardized by urine creatinine was 0.96 (0.89–1.0) and 0.98
(0.94–1.0) for urine NGAL standardized by urine creatinine.
At a cut-off of 272 μg/g creatinine, NGAL has a sensitivity of
0.90 and specificity of 1.0 for a positive urine culture in the
subset of febrile patients. Among the subset of febrile patients,
none of the urine NGALmeasurements (acute, baseline, delta,
standardized, non-standardized) had an AUC that suggested
the marker had utility for the prediction of recurrent UTI. This
was confirmed by logistic regression, in which urine NGAL
was not a significant predictor of recurrent UTI.

Discussion

We sought to determine if there were differences in urine
NGAL concentrations between girls with single and recurrent
UTIs. We did not find a difference in either the acute or

Table 1 Total cohort

Controls (n = 6) Single UTI (n = 44) Recurrent UTI (n = 20)

Mean age (years)* 1.5 (1.6) 2.2 (1.6) 2.1 (1.7)

Female (n (%)) 6 (100%) 44 (100%) 20 (100%)

White (n (%)) 3 (50%) 18 (41%) 8 (40%)

Black (n (%)) 1 (17%) 8 (18%) 4 (20%)

Hispanic (n (%)) 0 (0) 1 (2%) 1 (5%)

Fever (n (%)) 5 (83%) 24 (55%) 14 (70%)

Reported history of constipation (n (%)) 0 (0%) 5 (11%) 4 (20%)

*Data reported as mean (standard deviation)

Table 2 Patients who provided both acute and follow-up samples

Controls (n = 3) Single UTI (n = 24) Recurrent UTI (n = 10)

Mean age (years)* 1.6 (1.7) 2.4 (1.4) 2.7 (1.4)

Female (n (%)) 3 (100%) 24 (100%) 10 (100%)

White (n (%)) 2 (50%) 15 (63%) 5 (50%)

Black (n (%)) 0 (0%) 6 (25%) 3 (30%)

Hispanic (n (%)) 0 (0%) 1 (4%) 1 (10%)

Fever (n (%)) 3 (75%) 14 (58%) 7 (70%)

Reported history of constipation (n (%)) 0 (0%) 4 (17%) 3 (30%)

*data reported as: mean (standard deviation)
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follow-up NGAL concentrations between patients with single
and recurrent UTIs.We did find that patients who presented to
the emergency department with symptoms and urinalysis re-
sults suggestive of UTI, but with negative cultures, had urine
NGAL concentrations that were lower than those with a val-
idated UTI. Accordingly, we report that urine NGAL can be a
sensitive marker of positive urine culture among girls who
present to the emergency department with signs and symp-
toms of a UTI. This suggests that comparing urine NGAL to
age- and gender-based normal levels [17] may have a role in
determining when to prescribe or, more importantly, to avoid
prescribing antibiotics for girls who present for evaluation of
UTI.

NGAL has multiple functions within the urinary tract, one
of which includes chelating urinary iron [15]. By competing
with gram-negative bacteria for this urinary iron, NGAL ex-
erts a local bacteriostatic effect. During an acute UTI, NGAL
is produced by the alpha-intercalated cells in the kidney in
response to lipopolysaccharide [21], supporting its use as a
marker of UTI. Further, NGAL levels decrease rapidly after
resolution of infection, further supporting its utility as an acute
marker [21, 22]. Urine NGAL has demonstrated utility as a
marker of UTI in several clinical studies, including adults,
children, and children with neuropathic bladders [23–25].
Given the role of NGAL in the innate immune system of the
urinary tract, we hypothesized that a localized deficiency of
NGALwould manifest as a phenotype of recurrent UTIs. This
has been demonstrated in mice, in which NGAL knock-out
mice demonstrate decreased clearance of bacteriuria following
transurethral inoculation compared with controls [21, 22]. A
small pilot study of children with recurrent UTI supported the
hypothesis that some children with UTI may have a relative
deficiency of uNGAL [16]. However, the data we present here
do not support this prior study, as we do not report any data to
suggest patients with recurrent UTI have different NGAL con-
centrations compared with patients without recurrent UTI.
Indeed, in our cohort, 40% of the children in the recurrent
UTI groups had values that were below the median of
15 ng/ml reported in the prior work, compared with 42% of
children in the single UTI group. Further, there was only one
patient who had an acute NGAL below 15 ng/ml, which was
from a control patient.

There are several reasons that may partially explain the lack
of concordance between our results and those previously re-
ported. First, the patients with recurrent UTI in the prior study
were recruited from a subspecialty clinic in which patients did
not have factors such as bowel and bladder dysfunction that
contribute to an increased risk of UTI [26]. Conversely, we
recruited a broader population of children with recurrent UTI
and may not have been able to identify the various reasons for
recurrent UTI. However, a more likely reason for these dis-
cordant results is the choice of controls used in each study. In
the prior work, controls were children without history of UTI

who had a urine sample sent in the emergency department, but
did not have a UTI. In this work, our comparators were chil-
dren presenting with a single UTI and those who had signs
and symptoms of UTI, but did not have positive urine cultures.
Finally, we limited the ages of patients in this work, while the
prior work had a wider range of ages. Given that urine NGAL
changes with age, the larger range of ages in the prior work
may partially account for these differences [17].

The intended comparator group in this work was patients
with single UTIs. However, we discovered that some patients
who had signs and symptoms of UTI, and were diagnosed and
treated as such, ultimately had negative urine cultures. Such
antibiotic prescribing is consistent with previous data demon-
strating that up to 40% of children given antibiotics for UTI
during an acute visit ultimately have negative urine cultures
[27]. Therefore, we consented and collected urine samples
from several patients who ultimately had negative urine cul-
tures. We changed our consent process after this discovery so
that we only contacted families once the urine culture became
positive. The altered consent process, which required the re-
search team to contact patients by phone, limited our ability to
consent a large portion of eligible patients, as many families
did not answer the phone when contacted. However, these
initial samples allowed an unplanned opportunity to determine
the utility of NGAL to identify children with signs and symp-
toms of UTI who ultimately have negative urine cultures. We
found that NGAL is a highly sensitive marker of UTI in this
cohort of children with signs and symptoms of UTI. However,
we had a low number of patients in this unexpected control
group, and these results need to be confirmed in a larger cohort
of patients.

We did not differentiate between cystitis and pyelonephritis
in this work as not all patients received the imaging necessary
to accurately make this distinction. We were, however, able to
compare patients in our cohort who had febrile versus non-
febrile UTI and did not find a difference in the non-
standardized NGAL concentrations. While there was a differ-
ence in the standardized NGAL, this is likely driven by the
lower levels of urine creatinine in the febrile children, which
would then cause an increase in the NGAL concentrations.
Prior work in a small number of children suggests that urine
NGAL can differentiate cystitis from pyelonephritis [28].
Although we were not able to directly compare our results
given our inability to differentiate pyelonephritis from cystitis,
our data does not suggest a difference in urine NGAL between
non-febrile and febrile UTIs.

Limitations of this work include a low rate of return of
follow-up samples, which limit the power of the analysis of
the follow-up urine NGAL concentrations, the small number
of patients in the control group, inability to differentiate cys-
titis from pyelonephritis, and the single-center design of this
study. Further, we only included girls in this study, which may
limit the generalizability of these results. Additionally, only a
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subset of the patients included in this study had imaging of the
urinary tract, and therefore the urological status of each child
is not known. There is also the possibility that patients in the
single UTI group had prior UTIs that were not reported by the
parents or discerned from the EHR or had future UTIs that did
not occur within the follow-up period. Finally, we included a
small number of control patients. However, despite these lim-
itations, we believe these results provide data suggesting that
in a general population of children with recurrent UTI, urine
NGAL cannot identify those who may have a deficiency of
NGAL as a contributor in the pathogenesis of their recurrent
infections.

Conclusion

We did not show a difference in either acute or follow-up
urine NGAL concentrations between girls with single and
recurrent UTIs. We do show that urine NGAL is a sensitive
marker of positive urine cultures in a cohort of girls presenting
with signs and symptoms of UTI. While a deficiency in
NGAL may exist and contribute to an individual’s risk of
UTI, our data does not support this in a more generalized
population of girls with recurrent UTI.
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