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Background: Neutrophil gelatinase-associated lipocalin
(NGAL) has emerged as a valuable biomarker of urinary tract
infection (UTT) in children.

Purpose: This study aimed to compare the diagnostic accuracy
of urinary NGAL (uNGAL) with those of serum C-reactive
protein (CRP) and white blood cell (WBC) count for predicting
UTTI and acute pyelonephritis (APN) in febrile children.
Methods: The medical charts of children undergoing uNGAL
measurements between November 2017 and August 2019 were
retrospectively reviewed. Patients with a suspected or diagnosed
UTIs were included. The diagnostic accuracies of uNGAL,
serum CRE, and WBC count for detecting UTT and APN were
investigated. Independent predictors of UTI and APN were
investigated using multivariable logistic regression analyses.
Results: A total of 321 children were enrolled in this study. The
ulNGAL levels were higher in the UTI group (n=157) than in
the non-UTT group (n=164) (P<0.05). Among children with
a UTIL, uNGAL levels were higher in the APN group (n=70)
than, the non-APN group (n=87) (P<0.05). In the multivariate
analysis, uUNGAL was independently associated with UTI
and APN (both P<0.05). Serum CRP and WBC count were
not correlated with the presence of UTI and APN. Receiver
operating curve analyses showed that the UNGAL level had the
highest area under the curve (AUC) for predicting UTTand APN,
respectively (AUC, uNGAL vs. CRP vs. WBC count, 0.860 vs.
0.608 vs. 0.669 for UTI; 0.780 vs. 0.680 vs. 0.639 for APN,
all P<0.05, respectively). The predictive values and likelihood
ratios of uNGAL were superior to those of serum CRP and
WBC count for detecting UTT and APN at each cutoff level.
Conclusion: UNGAL may be more useful than serum CRP
and WBC count for identifying and assessing UTI in febrile
children.
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Key message
Question: Reliably diagnosing urinary tract infection (UTT)

in febrile children is often difficult. Can urinary neutrophil

gelatinase-associated lipocalin (uNGAL) better predict UTI
and acute pyelonephritis (APN) than serum C-reactive protein
(CRP) and white blood cell (WBC) count?
Finding: uNGAL better facilitated the prediction of UTI and
APN, than serum CRP and WBC counts in febrile children.
Meaning: uNGAL is a suitable biomarker for UTT and APN in
febrile children.

Introduction

Urinary tract infection (UTI) is the one of the most common
bacterial infections in infants and children, especially younger
than three months, with a prevalence of 7%.? UTI affects
nearly 29 of boys and 8% of girls in the first six years of life.”
It should be examined carefully because of its potential for later
development of chronic kidney disease (CKD), such as renal
scarring. Especially, vesicoureteral reflux (VUR) has been
considered the most important risk factor for post-UTI renal
scar formation in children.” Patients with suspected UTIs can
be screened via urinalysis (UA) and urine culture tests.? Since the
urine culture result is not available for 24—48 hours of incubation,
a screening UA must be performed for a presumed diagnosis
of UTI while the results of the urine culture are displayed.
However, the sensitivity and specificity of UA for the diagnosis
of UTI vary with age, race, and sex.>®” Additionally, urine
cultures often give false-positive results from contamination, and
if a clinician considers a negative UA result as sufficient evidence
for non-UT], urine culture exam is not obtained, and then there
is the probability of missing a UTI. A false negative finding may
be also displayed if the patients took an antibiotic before the UA.
Also, obtaining a urine sample from infants and toddlers who
do not control voiding is difficult. Thus, novel biomarkers to aid
UTI diagnosis and to determine the severity of UTI have been
investigated in children.

As one of the useful, noninvasive, and convenient biomarkers,
neutrophil gelatinase-associated lipocalin (NGAL) is an emerg:
ing indicator for diagnosing UTL® NGAL, a member of the
lipocalin superfamily, is a protein present in neutrophils and
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Study population: 321 children
Diagnostic evaluation for UTI/APN
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“uNGAL was superior to the serum CRP and WBC
for identifying UTI/APN in children with fever.”
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many other human tissues, including o-intercalated cells in the
collecting duct of the kidney.”!” NGAL is considered a com-
ponent of the innate immune system and inhibits bacterial
growth.”) The NGAL expression is significantly induced in
injured epithelial cells, including the kidney.!” The NGAL
levels in urine and serum are low under normal conditions,
but increases rapidly in response to cell damage especially with
gram-negative UTL3%1? Thus, the NGAL has great potential for
early diagnosis of UTI. There are 2 forms of the NGAL in the
biomarker literature: plasma NGAL (pNGAL) and urine NGAL
(uNGAL). pNGAL was secreted by neutrophils as a result of
systemic inflammations, and uNGAL is specific for damage to
the genitourinary epithelium.'® The uNGAL is significantly
elevated with gram-negative UTTs in animal studies.'*'>) NGAL-
deficient mice were more susceptible to bacterial infections with
Escherichia coli and died with sepsis.'? Similarly, there are many
studies that uNGAL is a novel, sensitive marker for acute kidney
injury (AKI) as well as for UTI diagnosis.'®!”
studies!®!%19 have compared uNGAL and other biomarkers for
predicting UTT and acute pyelonephritis (APN).

Recently, we showed that pNGAL could be a sensitive

) However, few

predictor for identifying APN and monitoring the treatment
response of pediatric UTL. The pNGAL was more useful than
serum procalcitonin (PCT), C-reactive protein (CRP), and
white blood cell (WBC) levels for identifying APN in children
with febrile UTIs.2? In this study, we compared the uNGAL and
serum CRP and WBC to assess if uNGAL could also be useful in
predicting UTT and APN beyond the serum CRP and WBC in
children with fever. We investigated the diagnostic accuracy of
uNGAL for UTTand APN in children with fever.

Methods

1. Study population

This retrospective study involved children with fever under-
going uNGAL measurements at our single tertiary care center
between November 2017 and August 2019. All children aged 1
month to 18 years presenting with fever (=38.0°C) underwent
ulNGAL test to rule out UTT when the cause of the fever was
not determined at first. Patients with febrile UTIs were defined
by fever (=38.0°C), pyuria (=5 WBCs/high power field), and a
positive urine culture with a pure growth of >50,000 organisms/
mL on a catheter or midstream urine specimen. Patients with
previous UTIs and congenital urinary tract anomalies, AKI,
underlying CKD, were excluded. For diagnosing UTT, collection
of urine specimens was obtained via ureteral catheterization in
nontoilet-trained children or midstream clean catch in toilet-
trained patients. The Institutional Review Board (IRB) of the
Korea University Guro Hospital approved this retrospective
study (IRB number: K2019-0819-002), and the need for

informed consent was waived.

2. Laboratory and radiological assessments

In all patients undergoing uNGAL measurements, urine
and blood samples were obtained before treatment including
antibiotic administration. The uUNGAL measurements were
performed using the commercial chemiluminescentmicroparticle
immunoassay assay (ARCHITECT Urine NGAL assay, Abbott
Diagnostics, AbbottPark, IL, USA). The ARCHITECT urine
NGAL assays are used to detect the monomeric form of NGAL
in urine predominantly. In children diagnosed with a first febrile
UT], renal sonography, and technetium-99m-labeled dimercap-
tosuccinic acid (DMSA) renal scintigraphy was performed on
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admission. Patients with APN findings on DMSA scan under-
went voiding cystourethrogram (VCUG) before hospital dis-
charge. Since children with APN are more likely to have VUR,
VCUG was carried out in the APN group according to the
top-down approach for UTT screening.”*? Among children
without APN, VCUG was performed in cases with a suspicion
of VUR on renal sonography. Hydronephrosis was defined
based on the Society for Fetal Urology classification®® and APN
was diagnosed when the DMSA renal scan showed a focal,
multifocal or diffuse reduction or lack of uptake. The DMSA
scans were performed at the time of diagnosis of UTL. Patients
undergoing uNGAL measurements were divided into 2 groups
(UTT and non-UTT) as defined previously. Patients with UTIs
were additionally subdivided into APN and non-APN groups,
according to the results of DMSA scan. Clinical and laboratory
findings were compared between the UTI and the non-UTI
group and between the APN and the non-APN group. The
diagnostic accuracy of the uNGAL, CRE, and WBC for detecting
UTTand APN was investigated.

3. Statistical analysis

We used SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) and the
MedCalc Statistical Software ver. 18 (MedCalc Software bvba,
Ostend, Belgium). The categorical variables were compared with
the chi-square test and the continuous variables were compared
using the Student # test and the Mann-Whitney U test. The
continuous variables that did not follow a normal distribution
were compared with the Mann-Whitney U test. The odds
ratios (ORs) were calculated by logistic regression analyses to
identify the risk factors for the development of UTTand APN. To
determine independent risk factors, the variables related to UTI
and APN (P<0.05) in the univariable analyses were then tested
in the multivariable logistic regression models, respectively. The
receiver operating characteristic (ROC) analysis was performed,
and the areas under the curves (AUCs) of the uNGAL, CRP,
WBC for detecting UTT and APN were calculated. The AUCs of
the uNGAL, CRB WBC were then compared using the method
described by Hanley and McNeil.>¥ Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (PLR), and negative likelihood ratio
(NLR) were calculated for each biomarker. The data were dis
played as the mean (%standard deviation) or median (inter-
quartile range) of continuous variables and percentage of cate-
gorical variables. Statistical significance was set at P<0.05.

Results

1. Patient characteristics

The flow diagram for the patients group is summarized Fig,
1. uNGAL concentration was measured in 329 patients from
November 2017 to August 2019. Among them, 8 patients
with a history of UTIs, AKI, underlying CKD, and congenital
urinary tract anomalies were excluded. Of the enrolled 321

children, 157 patients (48.9%) were included in the UTI group
and 164 patients (51.1%) were in the non-UTI group. The
non-UTI group comprised viral upper respiratory infection
(n=63, 38.4%), viral acute gastroenteritis (n=36, 22.0%),
viral pneumonia (n=31, 18.9%), cervical lymphadenitis (n=8,
4.8%), and others (n=26, 15.9%). Among 157 children with
UTL, 70 patients (44.6%) were included in the APN group and
87 patients (55.4%) were in the non-APN group.

2. Clinical and laboratory findings

In the UTI group, the mean age was lower and fever duration
was shorter, compared with the non-UTI group (both P<0.05).
Patients with UTT had higher levels of the serum WBC and CRD,
and uNGAL at admission, compared with children with non-
UTI (P<0.05). Also, fever duration in patients with UTI was
shorter than in non-UTT patients (P<0.05). The hemoglobin
concentration and serum creatinine levels were lower in the
UTI group (P<0.05). Among the UTI patients, mean age,
sex distribution, and fever duration did not differ between the
APN group and the non-APN group. The 2 groups showed no
differences in serum WBC, hemoglobin, and creatinine levels. In
the APN group, the serum CRP and uNGAL levels were higher
than in the non-APN group (P<0.05). Besides, the incidence
of VUR was higher in the APN group (P<0.05). However, the
incidence of hydronephrosis did not differ between the 2 groups
(Table 1).

3. Univariable and multivariable logistic regression analyses
The univariable analysis identified several clinical variables
associated with the presence of UTT and APN as shown in Tables
2 and 3. Age, sex, fever duration, serum WBC, hemoglobin, and
uNGAL were associated with the presence of UTI (all P<0.05).
However, in a multivariable analysis for UTI, age (odds ratio
[OR], 0.49; 95 % confidence interval [CI], 0.32-0.75, P=0.001)
and uNGAL (OR, 1.13; 95% CI, 1.08-1.18; P=0.001) levels
independently predicted UTI. We determined the possible

329 Patients undergoing urine NGAL measurements
aged 1 mo to 18 yr

8 Exclusion
1) Recurrent UTL
2) AKI
3) Underlying CKD
4) known CAKUT

157 First febrile UTI in patients (48.9%)
1) 70 APN (44.6%)
2) 87 Non-APN (55.4%)
164 Non-UTI in patients with fever (51.1%)
1) 63 Viral URI (38.4%)
2) 36 Viral AGE (22.0%)
3) 31 Viral Pneumonia (18.9%)
4) 8 Cervical lymphadenitis (4.8%)
5) 26 Others (15.9%)

Fig. 1. Flow diagram. Study population. NGAL, neutrophil gelatinase-
associated lipocalin; UTI, urinary tract infection; AKI, acute kidney injury;
CKD, chronic kidney disease; CAKUT, congenital anomalies of the kidney
and urinary tract; APN, acute pyelonephritis.
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Table 1. Clinical and laboratory findings of all patients and UTI patients

Variable Non-UTI (n=164) UTI (n=157) P value Non-APN (n=87) APN (n=70) P value
Age (mo) 60.3£62.3 16.8433.7 <0.001° 2164395 10.9424.0 0.319%
Female sex 82/164 (50.0) 57/157 (36.3) 0.013? 31/87 (35.6) 26/70 (37.1) 0.845"
Fever duration, >72 hr 41/164(25.0) 18/157 (11.5) 0.002” 9/87(10.3) 9/70(12.8) 0.624"
WBC (uL) 11,020+6,573 13,664%5,693 <0.001” 13,088+5,335 14,38146,071 0.213?
Hb (g/dL) 12.1%13 11.241.2 <0.0019 11.4%1.3 11.141.2 0.1729
CRP (mg/L) 29.1445 4 33.340.5 0.007° 23.7+32.6 453%46.0 0.007?
Creatinine (mg/dL) 0.4%0.2 0.2+0.1 0.007? 0.30.1 0.2+0.1 0.085%
UNGAL (ng/mL) 31.6163.1 240.9£292.4 <0.001? 200.1£270.7 291.6£311.8 0.014?
Hydronephrosis - - - 60/87 (68.9) 58/70 (82.8) 0.076"
VUR - - - 0/6 (0) 17/69 (24.6) 0.001%

Values are presented as mean+standard deviation or number (%).

UTI, urinary tract infection; APN, acute pyelonephritis; WBC, white blood cell; Hb, hemoglobin; CRP, C-reative protein; uNGAL, urinary neutrophil gelatinase-
associated lipocalin; VUR, vesicoureteral reflux.

@Mann-Whitney U test. ®Chi-square test. 9Student t test.

Boldface indicates a statistically significant difference with £<0.05.

Table 2. Univariable and multivariable logistic regression analyses for UTI in all patients

i Univariable Multivariable

Variable ; -

0dds ratio (95% Cl) P value 0dds ratio (95% Cl) P value
Age (mo) 0.31(0.21-0.46) 0.001 0.49 (0.32-0.75) 0.001
Female sex 0.57 (0.36-0.89) 0.014 0.84 (0.47-1.48) 0.534
Fever duration, >72 hr 0.39(0.21-0.71) 0.002 0.78 (0.54-1.18) 0.364
WBC? 1.11 (1.06-1.16) 0.001 1.02 (0.97-1.08) 0.395
CRP? 1.02 (0.97-1.08) 0.383 - -
uNGAL? 1.16 (1.10-1.21) 0.001 1.13(1.08-1.18) 0.001
Hb 0.59 (0.48-0.71) 0.001 0.90 (0.69-1.18) 0.453

UTI, urinary tract infection; Cl, confidence interval; WBC, white blood cell; CRP, C-reactive protein; uNGAL, urinary neutrophil gelatinase-associated lipocalin;
Hb, hemoglobin.

0dds ratio represents the incremental odds of UTI for every unit increase of one standard deviation in age, or 1,000 cells per pL in WBC, or 10 mg per L in
CRP, 10 ng per mL in uNGAL.

Boldface indicates a statistically significant difference with £<0.05.

Table 3. Univariable and multivariable logistic regression analyses for APN

Univariable Multivariable

Variable : :

0dds ratio (95% ClI) P value Odds ratio (95% Cl) P value
Age (mo) 0.96 (0.27-1.04) 0.811 - -
Female sex 0.79 (0.56-2.05) 0.231 = =
Fever duration, >72 hr 0.78 (0.48-3.42) 0.150 - -
wBC? 1.04 (0.98-1.10) 0.160 = =
CRP? 1.16 (1.06-1.28) 0.002 1.01 (0.99-1.02) 0.306
uNGAL? 1.12 (1.08-1.15) 0.023 1.15(1.04-1.27) 0.038
Hb 0.83 (0.64-1.08) 0.163 - -

APN, acute pyelonephritis; Cl, confidence interval; WBC, white blood cell; CRP, C-reactive protein; uNGAL, urinary neutrophil gelatinase-associated lipocalin;
Hb, hemoglobin.

0dds ratio represents the incremental odds of UTI for every unit increase of one standard deviation in age, or 1,000 cells per pL in WBC, or 10 mg per L in
CRP, 10 ng per mL in uNGAL.

Boldface indicates a statistically significant difference with £<0.05.

multicollinearity between the 2 variables of age and uNGAL.  P=0.038).

No correlation was found between the 2 variables (1 <variance

inflation factor<10). For the APN, the univariable analyses  4.Diagnostic performance of uNGAL and serum CRP and WBC

showed that the serum CRP and uNGAL were related with the We performed ROC analyses to define the diagnostic efficacy
presence of the APN (all P<0.05). In a multivariable analysis for ~ of uNGAL and serum CRP and WBC for the detection of UTI
the APN,; elevated uNGAL was the only independent predictor ~ and APN. For the UTI, the AUC value of uNGAL is 0.86 (95%
of the presence of the APN (OR, 1.15; 95% Cl, 1.04-1.27; CI, 0.82-0.90), followed by the serum WBC of 0.67 (95%
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CI, 0.62-0.72) and the CRP of 0.61 (95% CI, 0.55-0.66)
(all P<0.001). In a pairwise comparison, the AUC value of
ulNGAL for UTI was significantly higher than that of the CRP
and that of the WBC count (both P<0.05). For APN, the AUC
value of uNGAL is 0.78 (95% CI, 0.73-0.82), followed by the
CRP of 0.68 (95% CI, 0.63-0.73), WBC of 0.64 (95% CI,
0.58-0.69) (all P<0.001). The pairwise comparison analyses
showed that the AUC of uNGAL level for UTT and APN was the
highest, compared with that of the CRP and that of the WBC
(all P<0.05). The optimal cutoff levels for detecting UTT with
uNGAL, CRE and WBC were 36.5 ng/mL, 2.16 mg/L, and
12,000/uL, respectively. At the best cutoff value of 36.5 ng/
mL of uNGAL for UTI, sensitivity and specificity were 81.5%
and 79.3%, respectively. Among all examined biomarkers, the
uNGAL showed the highest PPV (79.0%), NPV (81.8%), and
the PLR (3.93; 95 % CI, 2.9-5.4) and the lowest NLR (0.23; 95
% ClI, 0.2-0.3) for detecting UTL. For identifying the APN, the
best cutoff levels with the uUNGAL, CRE, and WBC were 53.1 ng/

mL, 11.5 mg/L, and 13,800/uL respectively. At the cutoff level
of 53.1 ng/mL of uNGAL for the APN, sensitivity and specificity
were 81.7% and 67.2%, respectively. Additionally, the uNGAL
showed the greatest PPV (41.4%), NPV (92.8%), and the PLR
(2.49; 95% CI, 2.0-3.1) and the lowest NLR (0.27; 95% CI,
0.2-0.4) for detecting APN among the examined biomarkers
(Table 4) (Fig. 2).

Discussion

This study compared the diagnostic accuracy of uNGAL
with the serum CRP and WBC for predicting UTI and APN in
children with fever. The results demonstrate that the uNGAL
level could be useful in predicting UTT and APN beyond the
serum CRP and WBC. Using the logistic regression analyses,
we found that the elevated uUNGAL level was an independent
predictor of UTT and APN in children with fever. For predicting
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Fig. 2. Receiver operating characteristic analysis of urine neutrophil gelatinase-associated lipocalin (UNGAL), serum C-reactive
protein (CRP) levels, and white blood cell (WBC) count for predicting urinary tract infection (UTI) (A) and acute pyelonephritis (APN)
(B). (A) P values from each pairwise comparison for UTI: uNGAL to WBC count, P<0.0001; uNGAL to CRP, £<0.0001; WBC count
to CRP, P=0.097. (B) P values from each pairwise comparison for APN: uNGAL to WBC count, =0.0005; uNGAL to CRP, P=0.004;

WBC count to CRP, P=0.320.

Table 4, Sensitivity, specificity, PPV, NPV, PLR, and NLR of WBC, CRP, and uNGAL measurements for predicting UTI, APN

UTI APN
variable UNGAL (ng/ml)  CRP (mg/L) WEC (uL) UNGAL (ng/ml)  CRP (mg/L) WEC (uL)
Criterion >36.5 >2.16 >12,000 >53.1 >11.5 >13,800
Sensitivity 81.5 84.1 49.0 81.7 78.9 535
Specificity 79.3 40.2 79.9 67.2 55.2 71.6
PLR (95% Cl) 3.90 (2.9-5.4) 1.10(1.2-1.6) 2.44(1.7-3.4) 2.49 (2.0-3.1) 1.76 (1.5-2.1) 1.88 (1.4-2.5)
NLR(95%Cl)  0.23(02-03)  040(0.3-06) 064(0.508  027(02-04)  038(02-06) 065 (0.5-0.8)
PPV (95%Cl)  79.0 (73.4-83.7) 57.4(53.9-60.8) 70.0(62.3-76.7) 414 (365-46.6) 33.3(204-37.5) 349 (28.5-41.8)
NPV (95%Cl)  81.8(76.2-86.3) 72.5(63.8-79.8) 62.1(58.0-660) 92.8(88.7-955) 00.2(85.3-936) 844 (80.7-87.6)
AUC (95% Cl) 0.86 (0.82-0.90) 0.61(0.55-0.66) 0.67 (0.62-0.72) 0.78 (0.73-0.82) 0.68 (0.63-0.73) 0.64 (0.58-0.69)
P value <0.001 0.001 <0.001 <0.001 <0.001 <0.001

PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; WBC, white blood cell; CRP,
C-reactive protein; uNGAL, urinary neutrophil gelatinase-associated lipocalin; UTI, urinary tract infection; APN, acute pyelonephritis; AUC, areas under the
curve; Cl, confidence interval.

Boldface indicates a statistically significant difference with £<0.05.
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UTI and APN, the AUCs for uNGAL level were significantly
higher than that for the CRP level and WBC counts, respectively.
The PPV, NPV, PLR, and NLR of uNGAL were superior to those
of the serum CRP and WBC for detecting UTT and APN at each
cutoff level.

The NGAL is an iron-carrier protein derived from human
neutrophils. It plays a key role in the innate immune response
in case of bacterial infections.?® Previous studies have uniformly
shown that the uNGAL levels are significantly elevated in
response to UTIs, especially in gram-negative bacterial infec-
tions.”?>2%) Animal studies comparing rats injected with Escher:-
chia coli and with saline showed that the uNGAL levels were
upregulated in the experimental UTI and APN model.’2” In
a clinical study, Yilmaz et al.'® reported that the uNGAL level
and the uNGAL/creatinine ratio were higher in the UTI group
than in the control group. We also previously reported that the
uNGAL and uNGAL/creatinine ratio were useful in predicting
UTI and APN in children.”® The current study confirmed
that UNGAL might be helpful for identifying UTI and APN in
children with fever. The uNGAL level was higher in the UTI
group than in the non-UTI group. Among children with UTIs,
uNAGL was more elevated in patients with APN, compared
with those without APN. Given that uNGAL is a specific
indicator of damaged genitourinary epithelium,'®'”) increased
uNGAL may suggest renal tubular injury as well as UTI. The
commercial kits we used measures the monomeric form of
NGAL in urine predominantly. While urinary monomeric
NGAL is primarily of renal origin, it can be released by urinary
neutrophils in UTT states.?” In the present study we excluded the
patients with previous UTIs, AKI, CKD, and congenital urinary
tract anomalies, however, subclinical renal tubular injury might
affect the levels of uNGAL. Nevertheless, the serum creatinine
level was higher in the non-UTI group, compared with the UTI
group, and it was not even different between the non-APN and
APN groups. Therefore, changes in uNGAL concentration
are thought to be independent of serum creatinine level, and
the difference in creatinine levels between the 2 groups may
represent age-related variation.*® Meanwhile, fever duration
was shorter in the UTI group, compared with the non-UTI
group. It is plausible that the prompt treatment with empiric
antibiotics could shorten the duration of fever in the UTI group
although the exact cause remains unclear.

It appears that uNGAL is superior to other biomarkers such as
PCT, CRE and WBC in distinguishing between acute bacterial
and viral infections.?” In a total of 155 patients with acute
infections, serum measurement of NGAL was more useful in
differentiating bacterial infections from viral ones, compared
with the CRP and WBCs.?? Although leukocytosis, neutrophilia,
and the elevation of the CRP are common findings in UTI, these
may be nonspecific markers of inflammation as seen above. In
this study, we identified that the uNGAL level could be useful in
distinguishing UTI from viral infections in children with fever.
While the serum CRP and WBC concentrations were all elevated
in patients with UTT, they were not associated with the presence

of UTI independently. Young age and increased uNGAL level
independently predicted the presence of UTI in a multivariable
logistic model. Even in children with UTIs, only the uNGAL
was also independently associated with more severe infections,
or APN. While the univariable analyses showed that the serum
WBC and CRP were related with the presence of APN, they
were not independent predictors of APN in a multivariable
analysis. Notably, we previously showed that only pNGAL level
was an independent predictor of APN in children with febrile
UTIwhen female gender, VUR, pNGAL, and serum PCT, WBC,
and CRP were included in a multivariable logistic regression
model.2% These findings suggest that pPNGAL and uNGAL could
be useful in detecting UTT and APN and be more specific than
the serum CRP and WBC in predicting UTT and APN in children
with fever.

In the ROC analyses, we also found that uNGAL is the
most reliable biomarker in detecting UTT and APN than other
examined biomarkers. For predicting UTI and APN, the
AUC for uNGAL level was significantly higher than that for
the CRP level and WBC counts, respectively. PPV, NPV, PLR,
and NLR of uNGAL were superior to those of the serum CRP
and WBC measurement for detecting UTI and APN at each
cutoff level. Yilmaz et al.'® noted that the cutoff level for the
uNGAL in predicting UTT was 20 ng/mL in 60 patients with
symptomatic UTT and 29 healthy controls. The sensitivity was
97%, and specificity was 76%. In our previous study,® the
best cutoff values of the UNGAL were 23.95 ng/mL (sensitivity,
82.4%; specificity, 83.6%) for UTI and 73 ng/mL (sensitivity,
75%; specificity, 73.7%) for APN. The uNGAL cutoff value
was somewhat different to that of this study, which is 36.5 ng/
mL for UTT and 53.1 ng/mL for APN. This may be because of
the difference of the control groups. In the previous study, the
control group comprised healthy children with no evidence of
infection or fever while in this study the control group comprised
children with viral infections or fever. Consistent with our
findings, among 260 febrile infants and children younger than
24 months, Lubell et al.'? also identified that the optimal cutoff
of uNGAL for UTT was 39.1 ng/mL, with an AUC of 0.978, and
asensitivity of 97.1% and a specificity of 95.6%. Compared with
UA, uNGAL showed higher overall diagnostic accuracy for UTI
with greater sensitivity and similar specificity. As another study
with opposite results, Krzemien et al.33 showed the uNGAL was
not specific for detecting APN in children with febrile UTTs. They
investigated if uNGAL and kidney injury molecule-1 (uKIM-1)
could be a useful biomarker to predict APN in 54 children age
1-24 months with first febrile UTL In their study, the uNGAL,
uKIM-1, PCT, CRPB and the serum WBC measurements were
performed together. They showed that only the PCT and CRP
were good diagnostic factors of APN. The AUC for the PCT
was 0.894, and that for the CRP was 0.719. Interestingly, the
uNGAL and uKIM-1 did not have predictive value for identi-
fying APN in febrile UTT in their study. The small sample size
may have resulted in these conflicting results, and further pro-
spective studies with a larger number of patients are needed. In
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our previous study comparing the diagnostic accuracy of the
pNGAL to the PCT, CRE, and WBC for APN prediction,?”
the pNGAL had the highest AUC value of 0.893, followed by
the CRE, PCT, and WBC. The sensitivity (86%) and specificity
(85%) measured as part of the ROC analysis were the highest
for the pNGAL. The pNGAL showed the highest PPV (81%)
and NPV (89%) in predicting the APN among all biomarkers
tested. In the present study, uNGAL was also more useful for
predicting UTT and APN, compared with serum CRP and WBC.
Serum CRP and WBC were neither sensitive nor specific for
detecting UTL3* These findings suggest that uNGAL as well as
pNGAL could be more accurate than serum CRP and WBC for
predicting UTT or APN in children. The NGAL measurement in
blood and urine would be helpful in diagnosing UTT and APN
in children with fever. Given that the reliable diagnosis of UTI
is often difficult and imaging studies for diagnosing APN are
widely used in children, the NGAL measurement would be an
important adjunct in establishing the diagnosis and management
of UTTin children with fever.

There were limitations in this study. First, it was retrospective,
and there was a relatively small population from only one
center. Second, the uNGAL level was not corrected with urine
creatinine. Finally, studies of the association between biomarkers
and renal scarring were not performed because of the short study
period and the follow-up loss. Results must be validated in a
larger, multicenter, prospective study of various children from
age groups over a longer period.

In conclusion, the uNGAL may serve as a useful biomarker in
detecting UTI and APN in children with fever. The diagnostic
accuracy of the uNGAL for UTT and APN may be higher than
the serum CRP and WBC in children with fever. The NGAL
measurement can clarify the results of UA or urine culture in
children with suspected UTI and obviate the need to perform
extensive radiological evaluation for APN in children with febrile
UTIs. Further investigations are required in a larger population
for diagnosing and managing febrile UTTs and APN in children.
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