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Background: Neutrophil gelatinase-associated lipocalin (NGAL) is a promising biomarker
in the detection of kidney injury. Early diagnosis of urinary tract infection (UTI), one of the
most common infections in children, is important in order to avert long-term conse-
quences. We assessed whether serum NGAL (sNGAL) or urine NGAL (uUNGAL) would be
reliable markers of UTI and evaluated the appropriate diagnostic cutoff value for the
screening of UTIl in children.

Methods: A total of 812 urine specimens and 323 serum samples, collected from pediat-
ric patients, were analyzed. UTI was diagnosed on the basis of culture results and symp-
toms reported by the patients. NGAL values were measured by using ELISA.

Results: NGAL values were more elevated in the UTI cases than in the non-UTI cases,
but the difference between the values were not statistically significant (P=0.190 for sN-
GAL and P=0.064 for uNGAL). The optimal diagnostic cutoff values of SNGAL and uN-
GAL for UTI screening were 65.25 ng/mL and 5.75 ng/mL, respectively.

Conclusions: We suggest that it is not appropriate to use NGAL as a marker for early diag-
nosis of UTI in children.
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INTRODUCTION

Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa
protein and a member of the lipocalin family [1]. NGAL is cova-
lently bound to matrix metalloproteinase 9 expressed by neutro-
phils and exhibits antibacterial properties, and so, this lipocalin
is considered a component of the innate immune system [2].
NGAL is also expressed by other cells, such as kidney epithelial
and tubular cells [1, 3]. Although NGAL is expressed only at
very low values in several human tissues, its expression is mark-
edly increased in injured epithelial cells, including in those of
the kidney, colon, liver, and lung [1]. These findings provide a
potential molecular mechanism for the role of NGAL in affecting
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the epithelial phenotype, both during kidney development and
following acute kidney injury (AKI) [4].

Urinary tract infection (UTI) is one of the most common infec-
tions in children. Early diagnosis of UTI is important because
delayed diagnosis may result in the failure of subsequent treat-
ment and may result in long-term consequences, including re-
nal scarring, hypertension, and chronic renal failure [5]. Urine
culture is the standard approach for the diagnosis of UTI, but it
has limitations. Difficulty in specimen collection and interpreta-
tion of inadequately collected specimens may contribute to mis-
diagnosis [5]. Furthermore, positive culture results require 2-3
days in order to identify the cause of the infection. Despite these
limitations, urinalysis is commonly used in screening for UTI.
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However, indicators of UTI in urinalysis, such as pyuria and posi-
tive nitrite test results, have some limitations associated with low
sensitivity [5]. Nitrite tests produce false negative results in the
presence of gram-positive pathogens, and the sensitivity of this
test can be decreased when testing urine with a high specific
gravity. Similarly, pyuria may be absent in Proteus species infec-
tions. In addition, sterile pyuria may occur in noninfectious con-
ditions such as urolithiasis [5]. Therefore, another marker is
needed for rapid and accurate diagnosis of UTI to initiate early
treatment.

Several studies have suggested that urine NGAL (uUNGAL) may
be associated with UTI [6-8]. In addition, since UTI can cause
neutrophilia, we attempted to evaluate the association between
serum NGAL (sNGAL) and UTI. The aim of this study was to as-
sess whether sNGAL and/or uNGAL could be used as reliable
UTI markers and to evaluate the appropriate NGAL detection
cutoff values for screening of UTI in children.

METHODS

1. Study population

This retrospective study was conducted among children who
visited Chung-Ang University hospital in Seoul, Korea between
February and November 2010. Serum and/or catheterization or
midstream urine samples were obtained. Urine culture, urinaly-
sis, serum blood urea nitrogen (BUN) and creatinine (Cr), C-re-
active protein (CRP), and whole blood white blood cell (WBC)
count results were retrospectively reviewed.

A total of 812 urine specimens from 333 patients and 323 se-
rum samples from 208 patients were collected from a total of
444 patients (177 males, 267 females). Both serum and urine
specimens were available from 97 patients. Either serum or
urine samples were available from the remaining 347 patients.
The UTI group consisted of 107 children (58 males, 49 fe-
males), and 191 serum samples and 284 urine samples were
included. The mean age of the UTI group was 4.29+2.93 yr.
The non-UTI group consisted of 337 children (119 males, 218
females), and 232 serum samples and 528 urine samples were
included. The mean age of the non-UTI group was 3.87 +2.59
yr. Serum BUN and Cr levels were normal in all children in both
groups. Whole blood WBC count did not show a significant dif-
ference in NGAL values between the UTI group and the non-
UTI group (12.4x10%L vs. 10.7x 10%L, P=0.087). Serum CRP
level was significantly higher in the UTI group than in the non-
UTI group (3.20 mg/L vs. 0.79 mg/L, P=0.042).
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2. Laboratory methods

Urinalysis was performed using URISCAN (YD Diagnostics,
Seoul, Korea), and microscopic analysis of urine was performed
by using a Sysmex UF-1000i full automatic urine analyzer (Sys-
mex, Hyogo, Japan). Values of SNGAL and uNGAL were assayed
by using a NGAL Rapid ELISA Kit (Bioporto diagnostics, Gen-
tofte, Denmark) following the manufacturer’s instructions. Bio-
porto’s NGAL Rapid ELISA Kit assay is a sandwich ELISA per-
formed in microwells coated with an anti-human NGAL mono-
clonal antibody. Bound NGAL is detected with another monoclo-
nal antibody labeled with biotin, and the assay is developed with
horseradish peroxidase (HRP)-conjugated streptavidin and a
color-forming substrate. The color intensity is read at 450 nm
using PR 3100 TSC Microplate Reader (Bio-Rad Laboratories,
Hercules, CA, USA).

3. Definition of UTI

UTI was diagnosed by significant bacteriuria (> 100,000 colony-
forming unit [CFUl/mL of a single pathogen) without symptoms
associated with UTI, or by significant bacteriuria (>10,000 CFU/
mL) with symptoms associated with UTI, including any of the
followings: fever, vomiting, dysuria, abdominal pain, nausea, and
voiding frequency [9]. Additionally, we defined our own criteria
for the screening of presumptive UTI (pUTI) by urinalysis mark-
ers. First, if pyuria (WBC >5/HPF) were present, a diagnosis of
pUTI was made. Second, if leukocyte esterase was present, pa-
tients were regarded as having pUTI.

4. Statistical analysis

Statistical analysis was performed by using the IBM SPSS Sta-
tistics for Windows, version 19 (SPSS Inc., Chicago, IL, USA).
The independent samples t-test was used to compare mean
NGAL values in both groups. ROC analysis was performed to
determine the sensitivity, specificity, and optimal diagnostic cut-
off values of NGAL in screening for UTIl. The most appropriate
cutoff value was chosen according to ROC analysis, and the
area under the curve (AUC) was calculated. The statistical sig-
nificance level was established at P<0.05.

RESULTS

The values of SNGAL and uNGAL were elevated in the UTI
group compared to the non-UTI group; however, there was no
significant difference in the mean values between the groups
(Table 1). According to ROC analysis, the optimal diagnostic
cutoff values to predict UTI were 65.25 ng/mL for sSNGAL and
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Table 1. Values of SNGAL and uNGAL in samples from UTI and non-UTI patients, and presumptive UTI defined by the presence or ab-

sence of pyuria and leukocyte esterase

SNGAL uNGAL
N of patient samples  Mean (ng/mL) SD P value N of patient samples  Mean (ng/mL) SD P value
utl 91 95.35 58.89 0.190 284 19.00 44.48 0.064
Non-UTI 232 85.54 43.83 528 14.32 34.55
Pyuria (+) 22 120.05 67.58 0.013 40 62.99 105.04 0.002
Pyuria (-) 133 84.08 47.59 210 10.84 14.90
Esterase (+) 28 112.09 61.34 0.211 24 27.38 37.20 0.007
Esterase (-) 127 83.52 51.10 286 9.63 16.12

Abbreviations: UTI, urinary tract infection; SNGAL, serum neutrophil gelatinase- associated lipocalin; uNGAL, urine neutrophil gelatinase- associated lipocalin.

5.75 ng/mL for uNGAL. If a cutoff of 65.25 ng/mL for sSNGAL for
diagnosing UTI was used, the sensitivity and specificity of the
diagnosis were 70% (95% confidence interval [Cl], 18%-79%)
and 35% (95% Cl, 20%-74%), respectively (Fig. 1). For uN-
GAL, using a cutoff value of 5.75 ng/mL for diagnosing UTI, the
sensitivity and specificity of diagnosis were 70% (95% Cl, 21%-
83%) and 42% (95% Cl, 36%-89%), respectively (Fig. 1).

The results of the pUTI and the non-pUTI groups based on
the presence or absence of pyuria are presented below. Mean
values of sSNGAL were significantly higher in the pyuria-positive
pUTI group than in the pyuria-negative group (120.05 ng/mL
vs. 84.08 ng/mL, P=0.013) (Table 1). Mean uNGAL values
were also significantly higher in the pyuria-positive pUTI group
than in the pyuria-negative, non-pUTI group (67.58 ng/mL vs.
47.59 ng/mL, P=0.007) (Table 1). According to ROC analysis,
the optimal diagnostic cutoff value was 82.5 ng/mL for sSNGAL,
with 70% sensitivity (95% Cl, 23%-86%) and 60% specificity
(95% Cl, 27%-88%) (Fig. 2). Similarly, the optimal diagnostic
cutoff value was 10.3 ng/mL for uNGAL, with 70% sensitivity
(95% Cl, 20%-87%) and 70% specificity (95% Cl, 21%-86%)
(Fig. 2).

In examining the presence or absence of leukocyte esterase
in the pUTI and non-pUTI group samples, mean sNGAL and
uNGAL values were found to be higher in the esterase-positive
pUTI group than the esterase-negative, non-pUTI group (112.09
ng/mL vs. 83.52 ng/mL, 27.38 ng/mL vs. 9.63 ng/mL), but only
the mean uNGAL value between the 2 groups showed a statisti-
cally significant difference (P=0.007) (Table 1). According to
ROC analysis, the optimal diagnostic cutoff value to predict pUTI
was 75.05 ng/mL for sSNGAL and 9.65 ng/mL for uNGAL. Using
a cutoff of 75.05 ng/mL of sNGAL for diagnosing pUTI, the sen-
sitivity and specificity were 70% (95% Cl, 24%-89%) and 49%
(95% Cl, 119%-62%), respectively (Fig. 3). For uNGAL, using a
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cutoff value of 9.65 ng/mL for the presumptive diagnosis of UTI,
the sensitivity and specificity were 70% (95% Cl, 30%-91%)
and 68% (95% Cl, 25%-78%), respectively (Fig. 3).

Lastly, we evaluated the uNGAL:Cr ratio between the culture-
proven UTI and non-UTI groups. There was no significant dif-
ference in UNGAL:Cr ratio between the 2 groups (results not
shown).

DISCUSSION

NGAL is a useful marker for the early diagnosis of AKI [1, 4, 10-
14] and several studies have evaluated uNGAL values in the
early diagnosis of UTI [3, 6-8, 15]. Ichino et al. [3] reported in-
creased UNGAL value in pyelonephritis using an experimental rat
model, and Yilmaz et al. [4] reported that uNGAL and uNGAL:Cr
ratio were useful markers in the early diagnosis of UTI in children
without acute renal injury and/or chronic kidney disease. In con-
trast, we did not find significant differences between sNGAL and
UNGAL values in the presence or absence of UTl. NGAL was
originally isolated from human neutrophils; however, subsequent
studies demonstrated that NGAL may also be expressed under
certain conditions in cells in the kidney and liver, and in epithelial
tissues [16, 171. Increased values of SNGAL and uNGAL are ob-
served in AKI [1]. With respect to sSNGAL, AKI results in in-
creased NGAL mRNA expression in distal organs [18], specifi-
cally in the liver and lungs, and over-expressed NGAL protein re-
leased into the circulation may contribute to increases in SNGAL
values [1]. In addition, NGAL is an acute phase reactant and
may be released from neutrophils, macrophages, and other im-
mune cells [1]. Furthermore, decreases in glomerula filtration
rate resulting from AKI would be expected to decrease the renal
clearance of NGAL, resulting in its subsequent accumulation in
the serum [1]. SNGAL is freely filtered by the glomerulus and is
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Fig. 1. ROC curves to detect urinary tract infection (UTI). The blue
line is ROC curve for serum neutrophil gelatinase-associated lipocal-
in (sNGAL) (area under the curve [AUC]=0.534; 95% ClI, 0.308-
0.812). By using a cutoff value of 65.25 ng/mL for the diagnosis of
UTI, sensitivity and specificity were 70% and 35%, respectively
(blue dot). The red line is ROC curve for urine neutrophil gelatinase-
associated lipocalin (UNGAL) (AUC=0.576; 95% Cl, 0.347-0.799).
By using a cutoff value of 5.75 ng/mL for the diagnosis of UTI, sen-
sitivity and specificity were 70% and 42%, respectively (red dot).
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Fig. 2. ROC curves to detect urinary tract infection (UTI) defined by
the presence or absence of pyuria. The blue line is ROC curve for
serum neutrophil gelatinase-associated lipocalin (SNGAL) (area un-
der the curve [AUC]=0.675; 95% CI, 0.372-0.845). By using a
cutoff value of 82.5 ng/mL for the diagnosis of UTI, sensitivity and
specificity were 70% and 60%, respectively (blue dot). The red line
is ROC curve for urine neutrophil gelatinase-associated lipocalin
(UNGAL) (AUC=0.780; 95% Cl, 0.423-0.936). By using a cutoff
value of 10.3 ng/mL for the diagnosis of UTI, sensitivity and speci-
ficity were 70% and 70%, respectively (red dot).
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Fig. 3. ROC curves to detect urinary tract infection (UTI) defined by
the presence or absence of leukocyte esterase. The blue line is
ROC curve for serum neutrophil gelatinase-associated lipocalin
(sNGAL) (area under the curve [AUC]=0.654; 95% ClI, 0.397-
0.922). By using a cutoff value of 75.05 ng/mL for the diagnosis of
UTI, sensitivity and specificity were 70% and 49%, respectively
(blue dot). The red line is ROC curve for urine neutrophil gelatinase-
associated lipocalin (UNGAL) (AUC=0.761; 95% Cl, 0.435-0.977).
By using a cutoff value of 9.65 ng/mL for the diagnosis of UTI, sen-
sitivity and specificity were 70% and 68%, respectively (red dot).

largely reabsorbed in the proximal tubules [19], whereas uN-
GAL is detected only in the presence of a concomitant proximal
renal tubular injury that precludes NGAL reabsorption and/or
increases NGAL synthesis [1]. Recent studies revealed that uN-
GAL is increased in AKI, and it has been speculated that NGAL
expression is induced in order to aid in tissue regeneration after
kidney damage [3, 111. The contribution of neutrophilic NGAL
to uNGAL values is generally small, but the effect may be im-
portant in pyuria [8]. Theoretically, SNGAL or uNGAL values
may not increase during UTI in the absence of upper urinary
tract injury; even in the presence of UTI, pyuria is not always
observed. Therefore, it is possible that there is no association
between UTI and increased NGAL values.

Since sNGAL or uNGAL values alone did not sufficiently pre-
dict culture-proven UTI, we compared NGAL values in the pres-
ence or absence of pyuria or urine leukocyte esterase. Decavele
et al. [8] demonstrated that urine WBC counts are significantly
correlated with uNGAL values in both upper and lower UTI. In
agreement with this finding, in the presence of pyuria or urine
leukocyte esterase, the UNGAL value was significantly higher than
in their absence. These results can be explained by the presence
of NGAL originating from urinary neutrophils [8]. SNGAL value
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was significantly higher only in the presence of pyuria. We specu-
late that this was due to the difference in diagnostic cutoff sensi-
tivity in the measurements taken in the presence of pyuria and
leukocyte esterase. Such results suggest that uUNGAL value is
more useful than SNGAL during screening for UTI.

For more rapid diagnosis of UTI, many clinicians routinely use
urinalysis results, such as the presence of pyuria, nitrite, and
leukocyte esterase, but the low sensitivity of this analysis is well
known. One study showed that sensitivity and specificity of leu-
kocyte esterase were 65.4% and 94%, respectively, whereas
sensitivity and specificity of the nitrite test were 38.9% and
99.5%, respectively [15]. In this study, we demonstrated the op-
timal cutoff values for SNGAL (65.25 ng/mL) and uNGAL (5.75
ng/mL) in the diagnosis of UTI. At these established cutoff
points, the sensitivity in the measurement of both sSNGAL and
UNGAL (70%) was found to be higher than in the measurement
of leukocyte esterase or in the nitrite test, although the specificity
of SNGAL (35%) and uNGAL (42%) was lower than in urinaly-
sis. Hirsch et al. [11] reported that AKI due to contrast adminis-
tration can be predicted using a cutoff of 100 ng/mL for uNGAL.
In different studies, the cutoff values for predicting AKI after car-
diopulmonary bypass were determined to be between 50 ng/mL
and 100 ng/mL [10, 12]. Moreover, according to the manufac-
turer, the cutoff value for SNGAL was 106 ng/mL and 9.8 ng/mL
for uNGAL. Our results suggest that the optimal cutoff value for
predicting UTI is lower than the values determined for AKI and
even lower than the values suggested by the manufacturer.

In screening for pUTI using pyuria or urine leukocyte esterase
values, we evaluated the optimal concentration of SNGAL and
UNGAL for such cases. SNGAL values were consistently lower
than the manufacturer’s reports (Bioporto diagnostics; 82.5 ng/
mL and 75.05 ng/mL) at a sensitivity of 70%. uNGAL values
were also similar to or lower than the manufacturer’s reports
(Bioporto; 10.3 ng/mL and 9.65 ng/mL). At these values, speci-
ficity was higher than that of culture-proven UTI (70% in the py-
uria-positive group and 68% in the esterase-positive group).
Therefore, we confirmed that uNGAL value is correlated with
the presence of leukocytes in the urine sample.

In conclusion, to the best of our knowledge, this is the first
study demonstrating that there is no significant correlation be-
tween sNGAL or uNGAL values and UTI. We suggest that the
use of NGAL as a new marker in the early diagnosis of UTI may
not be appropriate. If NGAL is being considered as a marker in
the early diagnosis of UTI, uNGAL value will be a more useful
marker than sNGAL value. In addition, a new cutoff value must
be set that is lower than the value reported by the manufacturer
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in order to increase sensitivity. To better understand the relation-
ship between NGAL values and UTI in children, and to set an
appropriate diagnostic cutoff value of NGAL in the early diagno-
sis of UTI in children, a future prospective study using larger
numbers of patients and a control group of healthy children is
needed.
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