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Abstract
Objectives This study was designed to compare the diagnostic
accuracy of plasma neutrophil gelatinase-associated lipocalin
(NGAL) with procalcitonin (PCT), C-reactive protein (CRP),
and white blood cells (WBCs) for predicting acute pyelone-
phritis (APN) in children with febrile urinary tract infections
(UTIs).
Materials and methods In total, 138 children with febrile
UTIs (APN 59, lower UTI 79) were reviewed retrospectively.
Levels of NGAL, PCT, CRP, and WBCs in blood were mea-
sured on admission. The diagnostic accuracy of the bio-
markers was investigated. Independent predictors of APN
were identified by multivariate logistic regression analysis.
Results Receiver operating curve (ROC) analyses showed
good diagnostic profiles of NGAL, PCT, CRP, and WBCs
for identifying APN [area under the curve (AUC) 0.893,
0.855, 0.879, and 0.654, respectively]. However, multivariate
analysis revealed only plasma NGAL level was an indepen-
dent predictor of APN (P = 0.006). At the best cutoff values of
all examined biomarkers for identifying APN, sensitivity
(86 %), specificity (85 %), positive predictive value (81 %),
and negative predictive value (89 %) of plasma NGAL levels
were the highest. The optimal NGAL cutoff value was 117 ng/
ml. The positive likelihood ratio [odds ratio (OR) 5.69, 95 %
confidence interval (CI) 3.56–8.78], and negative likelihood

ratio (OR 0.16, 95 % CI 0.08-0.29) of plasma NGAL for APN
diagnosis also showed it seemed to be more accurate than
serum PCT, CRP, and WBCs.
Conclusion Plasma NGAL can be more useful than serum
PCT, CRP, and WBC levels for identifying APN in children
with febrile UTIs.
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Introduction

Febrile urinary tract infection (UTI) is a common problem
among infants and children [1]. Subsequent renal scarring re-
lated to acute pyelonephritis (APN) has been considered an
important cause of long-term morbidity, such as chronic renal
failure [2, 3]. Since symptoms of APN in children are nonspe-
cific, establishing an APN diagnosis often requires imaging
studies to detect renal parenchymal involvement. Among these,
ultrasonography (US) is a noninvasive technique that can reveal
various anatomical abnormalities. However, this imaging tech-
nique is not reliable in detecting pyelonephritis or vesicoureteral
reflux (VUR). Although 99mTc-dimercaptosuccinic acid
(DMSA) renal scintigraphy has been accepted as the gold stan-
dard for diagnosing APN in children [1, 4], there seems no
consensus regarding its indication during the acute phase of
UTI [5–7]. Thus, a more practical tool that could help clinicians
determine the presence of renal parenchymal damage in an
acute phase of febrile UTI would be of great clinical value.

The noninvasive measurement of suitable biomarkers to
aid the recognition of APN in children has attracted interest.
As traditional biomarkers for infection, serum C-reactive pro-
tein (CRP) level and peripheral white blood cell (WBC) count
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are used to diagnose invasive bacterial infections and deter-
mine UTI level [8, 9]. However, several studies do not support
the significance of these markers in discriminating upper from
lower UTIs [10, 11]. Procalcitonin (PCT), a 116‐amino acid
propeptide of calcitonin, has been identified as an early, sen-
sitive, and specific marker of bacterial infection [12, 13]. It is
almost undetectable in healthy individuals or during viral in-
fections, but its level increases in response to bacterial endo-
toxins, with the extent of increase being proportional to infec-
tion severity [14]. Several studies suggest that PCT levels are
correlated with APN, and a meta-analysis [15, 16] showed
that a serum PCT level > 0.5 ng/ml predicts early renal paren-
chymal involvement reasonably well. PCT ≥ 0.5 ng/ml
yielded an adjusted odds ratio (OR) of 7.9, with 71 % sensi-
tivity and 72 % specificity for APN. PCTwas a better predic-
tor than CRP or WBC count for identifying children with
APN during the early stages of UTI [16]. Neutrophil
gelatinase-associated lipocalin (NGAL), a member of the
lipocalin superfamily, is a 25-kDa protein originally purified
from human neutrophils [17]. NGAL has been reported to be a

useful predictor for distinguishing acute bacterial infections
from viral infections in all populations, from newborns to
adults [18–20]. Besides neutrophils, NGAL expression is also
markedly induced in injured epithelial cells, including the kid-
ney [21]. This appears to be mediated via nuclear factor kappa
B (NF-kB), which is known to be promptly activated in epi-
thelial cells after acute injuries [22]. For many years, NGAL
has been identified as one of the most reliable biomarkers of
acute kidney injury (AKI) [23].

To the best of our knowledge, there have been no compar-
ison analyses between the diagnostic accuracy of plasma
NGAL levels and PCT concentrations in children with APN.
We previously reported that plasma and urinary NGAL levels
may be instrumental in the diagnosis and therapeutic monitor-
ing of APN in pediatric patients with UTIs [24–26]. Our study
aimed to compare the accuracy of plasma NGAL levels with
those of serum concentrations of PCT, CRP, and WBC to
predict APN in children with febrile UTIs. The accuracy of
candidate biomarkers to diagnose VUR and hydronephrosis
was also determined based on the area under the receiver
operating characteristic (ROC) curve.

Materials and methods

Patient characteristics and inclusion criteria

We retrospectively reviewed the electronic medical records of
UTI patients admitted to our Department of Pediatrics be-
tween 1 October 2014 and 30 September 2015. In order to
make sure the retrospective search identified all eligible indi-
viduals, we searched our hospital registry for pediatric patients
hospitalized with a diagnosis of UTI. Children who were aged
1 month to 13 years and had a first episode of a febrile UTI

Table 1 Patient characteristics
Variables APN Lower UTI P value

Patients, n (%) 59 (43) 79 (57) -

Age (months) 5 (4–11) 7 (4–33) 0.25*

Female, n (%) 34/59 (58) 31/79 (39) 0.03**

Plasma NGAL (ng/ml) 339.6 (261.1–418.2) 94.3 (72.7–115.9) <0.001*

Serum PCT (ng/ml) 4.99 (2.54–7.45) 0.49 (0.21–0.78) <0.001*

Serum CRP (mg/dl) 9.47 (7.28–11.66) 2.49 (1.10–3.88) <0.001*

Serum WBC (per mm3) 16,423 (14,622–18,224) 13,810 (12,447–15,172) 0.003***

Hydronephrosis, n (%) 26/59 (44) 22/79 (28) 0.16**

VUR, n (%) 19/49 (39) 4/49 (8) <0.001**

Data are presented as numbers (%) or median (interquartile range)

APN acute pyelonephritis, UTI urinary tract infection, NGAL neutrophil gelatinase-associated lipocalin, PCT
procalcitonin, CRP C-reactive protein, WBC white blood cell, VUR vesicoureteral reflux
*Mann–Whitney U test
** Chi-square test
*** Student’s t test

Fig. 1 Study population. UTI urinary tract infection, APN acute
pyelonephritis
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were included. A febrile UTI was defined as the presence of
fever (body temperature ≥ 38 °C), pyuria (≥5 WBCs/high-
power field), and a positive urine culture (pure bacterial
growth of >105 colony forming units/ml), primarily based
on the UTI guideline from the American Academy of
Pediatrics [6]. Urine samples for culture were obtained by
catheterization or suprapubic aspiration for non-toilet-trained
children and from a clean voided midstream for toilet-trained
patients. Patients with a history of UTI, AKI based on pediat-
ric Risk, Injury, Failure, Loss, and End-stage Renal Disease
Criteria [27], chronic kidney disease, other infectious diseases
(comorbid bacterial, viral or congenital infections), and
known abnormalities or malformations of the urinary tract
except VUR, were excluded from the study. This retrospective
chart review was approved by our institutional review board
before its initiation and the study performed in accordance
with the Declaration of Helsinki.

Laboratory and radiological assessment

According to our department protocol, NGAL, PCT, CRP, and
WBC counts were measured at the time of admission. Plasma
NGAL level was measured in ethylenediaminetetraacetic acid
(EDTA), anticoagulated, whole-blood specimens using the
Triage NGAL assay (Alere, San Diego, CA, USA), which
has a detection range of 15–1300 ng/ml. Inter- and intra-
assay coefficients of variation of the assay were 13.5 % and
11 %, respectively. Renal US and DMSA scintigraphy were
performed within the first 3 days after admission, and voiding
cystourethrogram was performed before discharge (within 7–
10 days after admission) to detect VUR. Hydronephrosis was
diagnosed according to the Society for Fetal Urology classifi-
cation [28], and APN was defined as focal, multifocal, or
diffuse areas of decreased cortical uptake on DMSA renal
scan. Patients were divided into two groups, APN and lower
UTI, according to DMSA scan results. Laboratory, clinical,
and imaging results were compared between groups.

Statistical analysis

Statistical comparisons were performed with the SPSS pro-
gram for Windows (version 18.0, SPSS, Chicago, IL, USA)
and the MedCalc program for Windows (version 15.4,
MedCalc Software, Belgium). For continuous variables, nor-
mality tests were performed. Continuous variables showing a
normal distribution were compared between groups using
Student’s t test, and nonnormally distributed variables were
compared using the Mann–Whitney U test. Categorical vari-
ables were compared using the chi-square test. To evaluate
clinical outcomes, all associated risk factors of APN were
tested with univariate logistic regression analysis. Predictors
significantly associated with APN from univariate analysis (P
≤ 0.05) were included in multivariate logistic regression

analysis, and backward selection techniques were used to de-
termine baseline risk factors. Collinearity among variables
was also assessed by examining the variance inflation factor.
Diagnostic accuracy of APN biomarkers was investigated
using ROC analysis, which was used to calculate the best
cutoff values. The area under the ROC curve (AUC), includ-
ing 95% confidence intervals (CIs), were calculated and com-
pared using a pairwise comparison method [29]. Sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), positive likelihood ratio (PLR), and nega-
tive likelihood ratio (NLR) were calculated for each

Table 2 Univariate and multivariate logistic regression analyses to
identify risk factors associated with the presence of acute pyelonephritis

Variables Univariate Multivariate

OR (95 % CI) P value OR (95 % CI) P value

Age 0.99 (0.98–1.01) 0.25 - -

Female gender 0.48 (0.24–0.94) 0.03 0.41 (0.13–1.27) 0.12

Plasma NGAL 1.02 (1.01–1.02) <0.001 1.01 (1.00–1.02) 0.005

Serum PCT 1.39 (1.11–1.75) 0.005 1.07 (0.83–1.37) 0.61

Serum CRP 1.38 (1.21–1.58) <0.001 1.07 (0.93–1.23) 0.33

Serum WBC 1.01 (1.00–1.02) 0.004 1.01 (0.99–1.02) 0.32

Hydronephrosis 0.49 (0.24–1.00) 0.16 - -

VUR 0.14 (0.04–0.46) 0.001 1.35 (0.29–6.32) 0.70

OR odds ratio, CI confidence interval, NGAL neutrophil gelatinase-
associated lipocalin, PCT procalcitonin, CRP C-reactive protein, WBC
white blood cell, VUR vesicoureteral reflux

Fig. 2 Receiver operating characteristic (ROC) analysis of plasma
neutrophil gelatinase-associated lipocalin (NGAL), serum procalcitonin
(PCT) and C-reactive protein (CRP) levels, and white blood cell (WBC)
counts for predicting acute pyelonephritis (APN)
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biomarker. Diagnostic accuracy of biomarkers for VUR and
hydronephrosis was assessed by calculating the AUCs. Data
are presented as median [IQR (interquartile range)] for contin-
uous variables and proportions for categorical variables.
Statistical significance was set at P < 0.05.

Results

Patient characteristics

Among 186 patients with UTIs, 48 were excluded and 138
were enrolled based on the aforementioned criteria (Fig. 1).
Fifty-nine patients were included in the APN group and 79 in
the lower UTI group. Although patient ages ranged from
1 month to 13 years, 97 patients (70.3 %) were younger than
1 year, and there was no difference in the median age between
groups. Among the enrolled 138 patients (65 girls and 73
boys), a higher distribution of girls was seen in the APN group
(P < 0.05). The levels of NGAL, PCT, CRP, and WBC counts
were all significantly higher in the APN group than in the
lower-UTI group (all P < 0.05). Although no differences were
found in the presence of hydronephrosis between groups, the
incidence of VUR was higher in the APN group than in the
lower UTI group (P < 0.05) (Table 1).

Univariate and multivariate logistic regression analyses

Univariate analysis led to the identification of several clinical
variables associated with the presence of APN, as shown in
Table 2. The analysis showed that female sex, a high plasma
level of NGAL, elevated serum concentrations of PCT, CRP,
and WBC, and the presence of VUR were associated with
APN (all P < 0.05). However, multivariate analysis revealed
that only plasma NGAL level was an independent predictor of
APN (OR 1.01, 95 % CI 1.00-1.02, P = 0.005). No collinear-
ity was detected among variables, because none of the vari-
ance inflation factors was >10.

ROC analyses and ORs

ROC analyses were performed to define diagnostic profiles of
the parameters and to compare plasma NGAL with serum
PCT and CRP levels and WBC counts in predicting APN in
patients with UTIs. NGAL had the highest AUC value, of
0.893 (95 % CI 0.835-0.950, P < 0.001), followed by CRP
of 0.879 (95 % CI 0.807-0.928, P < 0.001), PCT of 0.855
(95 % CI 0.790-0.920, P < 0.001), and WBC of 0.654 (95 %
CI 0.560-0.748, P = 0.001) (Fig. 2). Differences in AUCs
were not statistically significant, except between plasma
NGAL level and WBC counts (P < 0.001). According to

Fig. 3 Receiver operating
characteristic (ROC) analysis of
plasma neutrophil gelatinase-
associated lipocalin (NGAL),
serum procalcitonin (PCT) and C-
reactive protein (CRP) levels, and
white blood cell counts (WBC)
counts for predicting
vesicoureteral reflux (VUR) (a)
and hydronephrosis (b)

Table 3 Sensitivity, specificity, PPV, NPV, PLR, and NLR of NGAL, PCT, CRP, and WBC measurements for predicting acute pyelonephritis

Variables Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR (95 % CI) NLR (95 % CI)

NGAL 117 ng/ml 86.4 84.8 81.0 89.3 5.69 (3.56–8.78) 0.16 (0.08–0.29)

PCT 0.17 ng/ml 84.7 78.5 74.6 87.3 3.94 (2.65–5.57) 0.19 (0.10–0.34)

CRP 2.78 mg/dl 83.1 81.0 76.6 86.5 4.37 (2.84–6.53) 0.21 (0.12–0.36)

WBC 15,870/mm3 61.0 75.9 65.5 72.3 2.54 (1.61–4.03) 0.51 (0.36–0.72)

PCT >0.5 ng/ml 62.7 87.3 78.7 75.8 4.95 (2.69–9.66) 0.43 (0.32–0.58)

PPV positive predictive value; NPV negative predictive value; PLR positive likelihood ratio; NLR negative likelihood ratio; CI confidence interval;
NGAL neutrophil gelatinase-associated lipocalin; PCT procalcitonin; CRP C-reactive protein; WBC white blood cell
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ROC analyses, the best cutoff levels for predicting APN with
NGAL, PCT, CRP, and WBC were 117 ng/ml, 0.17 ng/ml,
2.78 mg/dl, and 15,870/mm3, respectively. Sensitivity (86 %)
and specificity (85 %) measured as part of the ROC analysis
were the highest for plasma NGAL. Plasma NGAL showed
the greatest PPV (81 %) and NPV (89 %) for predicting APN
among all examined biomarkers. PLR and NLR for detecting
APN at each optimal biomarker cutoff value also showed that
plasma NGAL seemed to be more accurate than the other
examined biomarkers. Plasma NGAL had a higher PLR
(5.69, 95 % CI 3.56-8.78) and lower NLR (0.16, 95 % CI
0.08-0.29) than the other examined biomarkers. To compare
our results with findings from other studies [14, 28], we per-
formed a further ROC analysis for serum PCT using a cutoff
of > 0.5 ng/ml. At this cutoff point, the AUC to predict APN
was 0.750 (95 % CI, 0.669-0.820, P = 0.044), with a sensitiv-
ity of 63% and a specificity of 87%. This AUC value for PCT
was significantly lower than AUCs for NGAL, CRP, and PCT
with our optimal cutoff level of 0.17 ng/ml (P < 0.05)
(Table 3).

In ROC analyses for evaluating the presence of VUR
and hydronephrosis (Fig. 3), plasma NGAL levels and
serum PCT and CRP levels also showed good diagnostic
performances for the presence of VUR. The AUC was
0.798 (95 % CI 0.704-0.872) for NGAL, 0.756 (95 % CI
0.658-0.837) for PCT, and 0.845 (95 % CI 0.757-0.910)
for CRP (all P < 0.001). Cutoff levels of NGAL, PCT, and
CRP for diagnosing VUR were 118 ng/ml (sensitivity
96 %, specificity 61 %), 0.92 ng/ml (sensitivity 70 %,
specificity 76 %), and 4.14 mg/dl (sensitivity 87 %, spec-
ificity 72 %), respectively. AUC for serum CRP level was
significantly higher than those for the PCT level and WBC
counts (P = 0.04 and P < 0.001, respectively). There were
no differences in AUCs between serum CRP and plasma
NGAL level. In contrast to APN and VUR, parameters
analyzed in this study did not correlate with the presence
of hydronephrosis (Table 4).

Discussion

This study aimed to determine the accuracy of NGAL levels in
predicting APN and comparing it with accuracies of serum
PCTand CRP levels and WBC counts in children with febrile
UTIs. The results demonstrated that plasma NGAL level
could improve prediction of APN beyond serum PCT, CRP,
or WBC levels. Using univariate and multivariate analyses,
we showed that only plasma NGAL level was an independent
predictor of APN. Sensitivity and specificity was superior to
that of serum PCT, CRP, and WBC measurement. PPV, NPV,
PLR, and NLR of each biomarker demonstrated that plasma
NGAL was more accurate than the other examined bio-
markers. These findings suggest that plasma NGAL could
be one of the most promising biomarkers for detecting APN
in patients with febrile UTI and without AKI.

Since serum PCT has been proven to be an early, sensitive,
and specific marker of bacterial infection [12, 13], several
studies showed that serum PCT could also be a good diagnos-
tic biomarker for APN [30, 31]. In a recent study published in
2013, serum PCT level was a more sensitive predictor than
CRP level or WBC counts for selective identification of chil-
dren with APN during the early stages of UTI [16]. As the
traditional biomarker for infection, serum CRP level has been
measured diagnosing UTIs and assessment of treatment ef-
fects. According to a review published in 2015 that analyzed
CRP data from 13 studies (1638 children), overall sensitivity
and specificity were 94 % and 39 % at a cutoff value of 2 mg/
dl [9]. However, serum CRP level does not appear to be useful
in ruling out APN because of the low specificity and incon-
sistencies among the published studies [8, 10, 11].

NGAL is expressed at low levels in normal organs and at
increased levels in injured epithelia, including the kidney [32,
33]. NGAL released from developing nephrons also partici-
pates in the conversion of metanephric tissue into glomeruli
and proximal renal tubules [34]. It has been proven by several
clinical studies that NGAL is an excellent biomarker for

Table 4 Receiver operating curve (ROC) analysis of biomarkers of vesicoureteral reflux (VUR) and hydronephrosis in children with urinary tract
infections

Variables VUR (n = 23) Hydronephrosis (n = 48)

AUC (95 % CI) Pairwise comparison* AUC (95 % CI) Pairwise comparison**

Plasma NGAL 0.798 (0.705–0.890) 0.19 0.568 (0.467–0.669) 0.44

Serum PCT 0.756 (0.642–0.869) 0.04 0.593 (0.495–0.690) -

Serum CRP 0.845 (0.744–0.921) - 0.551 (0.444–0.642) 0.31

Serum WBC 0.630 (0.494–0.766) <0.001 0.557 (0.457–0.657) 0.38

AUC area under curve of ROC, CI confidence interval, NGAL neutrophil gelatinase-associated lipocalin, PCT procalcitonin, CRP C-reactive protein,
WBC white blood cell

*P value of pairwise comparison to serum CRP

**P value of pairwise comparison to serum PCT
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monitoring and determining the prognosis of AKI [35, 36].
Similar to an AKI, APN is characterized by acute, mostly
tubulointerstitial, kidney damage. Accordingly, NGAL is
thought to be up-regulated with renal parenchymal injury in
the setting of UTI [37] and, indeed, in our study, plasma
NGAL level was substantially higher in children with APN
than those with lower UTIs, which is consistent with our pre-
vious findings [24, 25]. Compared with PCT, CRP, andWBC,
NGAL appeared to be more highly associated with a positive
prediction for APN in children with febrile UTIs.

In this study, female gender, an increased plasma level of
NGAL, high serum concentrations of PCT, CRP, and WBC,
and the presence of VUR were related with APN. However,
multivariate logistic regression analysis showed that only
plasma NGAL level independently predicted the presence of
APN. NGAL had the highest AUC value, followed by CRP,
PCT, and WBC, as determined by ROC curves. AUCs
showed no statistical differences, except between plasma
NGAL level and WBC counts. Although a widely used test
to compare the difference between two AUCs depends on the
method by DeLong et al. [29], recent reports suggest P values
for the change in AUC are not necessary and should be
avoided [38, 39]. Because AUC is mainly a measure of the
quality of discrimination, its usefulness lies in the magnitude
of the increase in model performance [39]. Accordingly, PCT
and CRP may also be sufficiently accurate to be helpful in
differentiating children with APN from children with lower
UTIs. Nevertheless, diagnostic accuracy of plasma NGAL for
predicting APN appears to be higher and have greater sensi-
tivity (86 %), specificity (85 %), PPV (81 %), NPV (89 %),
and PLR (5.69), as well as the smaller NLR (0.16).

The best cutoff level of 0.17 ng/ml for PCT to differentiate
patients with or without APN is lower than that of > 0.5 ng/ml
for diagnosing APN in previous studies [15, 16]. Since a se-
rum PCT > 0.5 ng/ml has been known to predict early renal
parenchymal involvement reasonably well [15, 16], we per-
formed a further ROC analysis for serum PCT using a cutoff
of > 0.5 ng/ml. AUC value of 0.75 for PCT with this cutoff
point (sensitivity 63 %, specificity 87 %) was lower than the
AUCs for NGAL (0.893), CRP (0.879), and PCT (0.855),
with the optimal cutoff of 0.17 ng/ml (sensitivity 85 %, spec-
ificity 79 %). This AUC value also seemed lower than that
(0.82) reported in the study of Leroy et al. (sensitivity 71 %,
specificity 72 %) [16]. For CRP, our study showed findings
consistent with the previous publication of Sim et al. [24], in
which the AUC of serum CRP for an APN diagnosis was
0.842, with the best cutoff being 3.86 mg/dl (sensitivity
87 %, specificity 73 %). In our study, serum CRP showed a
higher AUC of 0.879 with a lower cutoff of 2.78 mg/dl (sen-
sitivity 83 %, specificity 81 %). In both studies, AUC differ-
ence between NGAL and CRP was not significant. Univariate
analysis identifying serum CRP was associated with the pres-
ence of APN. However, in a multivariate logistic regression

analysis, serum CRP was not retained as a predictor of APN.
Plasma NGAL was the only independent predictor of APN in
multivariate analysis.

In this study, an NGAL cutoff level for predicting APN of
117 ng/ml (sensitivity 86 %, specificity 85 %) was suggested,
which is somewhat higher than our previous findings. The
best cutoff levels for predicting APN were 102.5 ng/ml (sen-
sitivity 89 %, specificity 71 %) [24] and 61.0 ng/ml (sensitiv-
ity 75 %, specificity 78 %) [25] in those previous studies.
Regarding this, there was a difference in the plasma NGAL
measurement method between studies. In the study by Seo
et al. [25], NGAL levels were measured at the bedside, direct-
ly after adding several drops of whole blood to a disposable
device without using EDTA-anticoagulated tubes. In our
study and previous work by Sim et al. [24], plasma NGAL
levels were measured in EDTA-anticoagulated whole blood
specimens using the Triage NGAL assay. It is possible that a
source of variation in NGAL levels arose in the period from
sampling to measurement. Nevertheless, the specificity deter-
mined based on the best cutoff value of 117 ng/ml for ruling
out APN is higher than in our previous studies.

VUR is a common renal problem in children with febrile
UTIs. Renal scarring can develop in children with reflux-
related UTI, which may lead to chronic renal failure [3]. To
date, no effective biomarkers have been identified that can
predict the occurrence of VUR. Previous studies have reported
conflicting results as to whether the correlation between tested
biomarkers and VUR is significant. Serum PCT level was
shown to be elevated in children with VUR [40]. However,
other studies have found no difference in PCT levels in chil-
dren with or without VUR [41]. With regard to the role of
NGAL for predicting VUR, NGAL level might also be in-
creased in children with VUR. NGAL is released in the course
of regeneration of renal tubular cells after kidney injury, and a
high NGAL level may be a consequence of NGAL release
from the renal tubular cells damaged by VUR and/or renal
scarring [42–44]. According to previous studies, urinary
NGAL levels were significantly increased in children with
VUR and without evidence of UTI, and they correlated with
the presence of renal scarring regardless of the reflux grade
[44]. The authors suggested urinary NGAL might become a
useful diagnostic indicator for renal scarring when monitoring
patients with VUR. On the other hand, our previous studies
shown no relationship between plasma or urinary NGAL
levels and the presence of VUR and/or renal scarring
[24–26]. To the best of our knowledge, there have been no
reports regarding the role of plasma NGAL for detecting VUR
in the absence of UTI.

In this study, AUCs for plasma NGAL and serum PCT and
CRP were high enough to predict the presence of VUR. AUC
for serum CRP was significantly higher than that for serum
PCTand WBC counts, while the difference in AUCs between
plasma NGAL and serum CRP was not significant. However,
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it is debatable whether plasma NGAL and serum CRP levels
are more reliable than other biomarkers. First, as mentioned
above, there are conflicting results from several studies.
Second, in this study, the prevalence of VUR in patients with
APN was much higher than in patients with lower UTI (39 %
versus 8 %). Since VUR is one of the risk factors for APN,
especially in childrenwith high-grade reflux [3], the infectious
condition of APNmight have contributed to these findings. To
accurately evaluate the correlation between biomarkers and
the presence of VUR, measurements of these parameters
should be performed in patients without UTIs and/or other
confounders, such as AKI and renal scarring.

Hydronephrosis is also frequently diagnosed during the
radiologic workup for UTI. Several studies have attempted
to identify an effective biomarker for predicting
hydronephrosis, but results were controversial [45, 46].
Recently, Noyan et al. demonstrated that the ratio of urinary
NGAL level to creatinine was significantly higher in a group
of patients with severe hydronephrosis with dysfunction than
in the group with mild hydronephrosis without dysfunction
[47]. However, in the study reported here, no differences were
observed in the levels of biomarkers, including NGAL, be-
tween patients with and without hydronephrosis. In this re-
gard, most hydronephrosis cases were mild (Society for
Fetal Urology grade 1 or 2), and there were no cases compli-
cated by renal or ureteral dysfunction. There could also be
transient hydronephrosis, because renal sonography was per-
formed during the acute phase of UTI. Therefore, our findings
may provide only limited information on biomarker variations
associated with hydronephrosis.

There were some limitations to this study. First, it was
retrospective, there was a relatively small population and only
from a single center, and the age group was also limited.
Second, the small sample size and the presence of acute infec-
tion in VUR or hydronephrosis may have interfered with pre-
cise evaluation of biomarkers for predicting VUR or
hydronephrosis. Third, we chose to use the results of the uni-
variate analysis as predictors in multivariate analysis rather
than choosing physiologically plausible predictors. While this
is a valid method, it does limit the generalizability of the
results. Finally, studies of the association between biomarkers
and renal scarring were not performed because of the short
study period and the lack of follow-up. Results need to be
validated in a larger, multicenter, prospective study of various
children from age groups over a longer period.

Conclusion

Data from this study indicate that in children with their first
febrile UTI, plasma NGAL level can be more helpful than
serum PCT and CRP levels and WBC counts for predicting
APN. NGAL, PCT, and CRP may serve as laboratory indices

for APN diagnosis, but the diagnostic accuracy of NGAL can
be higher than PCTand CRP. Determination of plasmaNGAL
levels might be a useful, noninvasive tool for identifying renal
parenchymal involvement. However, larger and longer studies
are needed to better assess the role of plasma NGAL level as a
predictor of APN, renal scarring, and VUR in children with
febrile UTIs.
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