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Purpose: We aimed to study the association of plasma neutrophil gelatinase-
associated lipocalin (pNGAL) and leukocyte differential count in children with
febrile urinary tract infection (UTI).

Methods: Medical records of 154 children aged 1 month to 13 years with febrile
UTI who were hospitalized were retrospectively reviewed. Associations between
pNGAL levels and blood leukocyte differential count at admission and after 48
hours of treatment were investigated in children with or without acute pyelo-
nephritis (APN).

Results: The APN group (n=82) showed higher pNGAL levels, neutrophil count,
monocyte count, and neutrophil-to-lymphocyte ratio (NLR), compared to the
non-APN group (n=72) (all P<0.05). After adjustment for age and sex, pNGAL
showed positive correlations with neutrophil count and NLR in both groups (all
P<0.05). Additionally, it was correlated with the monocyte-to-lymphocyte ratio
(MLR) only in the APN group (P<0.05). Before and after treatment, pNGAL was
positively correlated with neutrophil count, NLR, and MLR in patients with APN
while it was related with neutrophil count and NLR in those without APN (all P<
0.05). Areas under the receiver operating curve of pNGAL, neutrophil count, NLR,
and MLR for predicting APN were 0.804, 0.760, 0.730, and 0.636, respectively (all
P<0.05). Only pNGAL was independently associated with the presence of APN in a
multivariable logistic regression analysis (P<0.05).

Conclusion: In children with febrile UTls, pNGAL might be associated with leuko-
cyte differential count and the presence of APN.
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Introduction

Urinary tract infection (UTI) is one of the most common diseases in the
first year of life after birth in both male and female infants”. Delayed diag-
nosis and treatment of UTI can increase the risk of sepsis in newborns”. The
spread of infection to kidneys can cause renal damage and chronic kidney
disease (CKD) in the long term”. Therefore, prompt diagnosis and immediate
treatment for UTI are essential. Numerous studies have been conducted re-
cently to find ways to promptly diagnose UTTI. In addition, several imaging
tests such as kidney ultrasonography, renal scan, and voiding cystourethro-
graphy (VCUG) have been introduced to identify congenital anomalies of the
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kidney and urinary tract (CAKUT), acute pyelonephritis
(APN), and consequent kidney scarringw . However, renal
scan and VCUG tests are invasive with a risk of irradiation.
It is generally believed that neutrophil leukocytosis is
associated with bacterial infections while lymphocytosis is
associated with viral infections®, although such associa-
tions are not absolute. It has been reported that neutrophils
in first responder cells are essential for survival because of
their ability to contain and eliminate bacterial and fungal
pathogens”. Monocytes are also involved in the elimination
of pathogens and dead cells in tissues. They are also in-
volved in the initiation of adaptive immunity”. Environ-
mental signals at the inflamed site can mediate rapid mo-
nocyte recruitment, directing a differentiation program in
which monocytes can trigger macrophages or dendritic
cells. It has shown that the neutrophil-to-lymphocyte ratio
(NLR) and the monocyte-to-lymphocyte ratio (MLR) are
useful for diagnosing bacterial infections in febrile patients
') Han et al.'” have reported that NLR is a predictive
factor for detecting APN in young children with febrile
UTI Wang et al."” have discovered that MLR is an inde-
pendent risk factor for a serious Klebsiella pneumonia in-
fection. Compared to NLR, MLR is a better indicator for
the severity of Klebsiella pneumonia infection'”.
Neutrophil gelatinase-associated lipocalin (NGAL), also
called lipocalin 2, is an iron carrier protein that is abun-
dantly expressed in neutrophils and macrophages. It plays
arole in mediating innate immune responses of mammals
"%, Earlier studies have demonstrated that NGAL level
could be useful for diagnosing APN in children with febrile
UTI and that it might be an alternative to imaging tests for
pediatric UTT™*'"". Additionally, we have previously found
that urine NGAL (uUNGAL) levels are positively correlated
with neutrophil count, monocyte count, NLR, and MLR
in children with UTT". However, the association of plasma
NGAL (pNGAL) levels with leukocyte differential count
such as NLR and MLR in children with febrile UTIs re-
mains unknown. Thus, the objective of this study was to
determine whether plasma NGAL (pNGAL) levels were as-
sociated with leukocyte differential count, especially NLR
and MLR, in children with febrile UTIs. Values of NLR,
MLR, and NGAL for predicting acute pyelonephritis
(APN) in children with febrile UTIs were also validated.
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Material and methods

1. Patient characteristics and inclusion criteria

This was a retrospective observational study of patients
who were hospitalized in the Department of Pediatrics and
Adolescents at our institution from August 21, 2018 to Oc:
tober 20, 2019 due to febrile UTT. Patients aged 1 month to
13 years were included in this study. UTT was defined based
on revised guidelines of the American Academy of Pedia-
trics'®. Patients were defined to have APN if the uptake of
99mTc-dimercaptosuccinic acid (DMSA) 1-5mCi was de-
creased in a focal, multifocal, or diffuse area due to defects
in the renal cortex'”.,

Inclusion criteria of this study were as follows: i) hospi-
talized with fever (=38°C); ii) positive results on urine an-
alysis for pyuria or nitrite; and iii) > 100,000/CFU for a
single bacterium on urine culture through urethral cathe-
terization in non-toilet-trained infants or midstream urine
in toilet-trained children. Patients were excluded if they had
any of the following conditions: i) below 1 month of age; ii)
recurrent UTT; iii) acute kidney injury (AKI); iv) CKD; v)
systemic disease, vi) CAKUT except vesicoureteral reflux
(VUR).

Excluded systemic diseases included coincidental viral
or mycoplasma infection, Budd-Chiari syndrome, chronic
respiratory failure, and others (Fig. 1). Since NGAL is up-
regulated in systemic inflammatory response syndrome
and systemic diseases without bacterial infection as well as
in renal tubular injury'”, the aforementioned groups of
patients were not included in this study. Newborns were
also excluded from this study due to the immature and
plastic nature of neonatal immune response.

We divided patients with UTT into APN and non-APN
groups and compared absolute neutrophil count (ANC),
lymphocyte count, monocyte count, NLR, and MLR bet-
ween the two groups. The association between pPNGAL and
leukocyte differential count was investigated in both APN
and non-APN groups. Patients were usually hospitalized
for about 7 days. They were discharged when there were no
clinical symptoms with the absence of bacteria confirmed
by a urine culture test.

2.Laboratory and radiological assessment
Hospitalized children underwent urine tests and basic
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blood tests including pPNGAL level, white blood cell (WBC)
count, ANC, lymphocyte count, monocyte count, and C-
reactive protein (CRP) level.

Levels of pPNGAL were measured after centrifuging
plasma samples at 2,100 g for 10 min at 10C in ethylenedia-
minetetraacetic acid using a Cobas 8000 c¢702 (Roche Diag:
nostics, Rotkreuz, Switzerland). NGAL Test™ (Bioporto
Diagnostics, Denmark) reagent was used for the measure-
ment. It had a detection range of 25-3,000 ng/mL. For
urinalysis, we used a Sysmex UF-1000i"" Urine Cell Ana-
lyzer System and an Arkray, a fully automated urine ana-
lyzer. Urine samples were immediately centrifuged at 494
g for 5 min at 10°C. Patients with febrile UTIs underwent
kidney ultrasonography and DMSA scan. When necessary,
VCUG was performed on the day before discharge.

3. Statistical analysis

IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA) was
used for all statistical analyses. For comparison between
APN and non-APN groups, Mann-Whitney U test was
used for continuous variables and Chi-square test was used
for categorical variables. Continuous variables are pre-
sented as mean+standard deviation or standard error of the
mean. Categorical variables are presented as number (%).
Spearman partial correlation coefficient was used to find
relationships of pPNGAL levels with WBC, absolute neu-
trophil count (ANC), monocyte, NLR, and MLR after adju-
sting for age and sex. Univariable logistic regression analyses
were performed to analyze variables associated with the
presence of APN. Parameters associated with APN in uni-
variable logistic regression analyses (P<0.05) were included
in a multivariable logistic regression analysis. Receiver ope-
rating curve (ROC) analyses were performed to determine
how accurately pNGAL level and leukocyte differential
count could discriminate between APN and non-APN. The
area under the curve (AUC) with 95% confidence intervals
(CIs) was calculated. In all statistical analyses, P<0.05 was
considered statistically significant.

4. Ethics statement

This study was approved by the Institutional Review
Board (IRB) and the Research Ethics Committee of Korea
University Ansan Hospital [IRB number: 2019AS0155].
The IRB exempted the requirement of informed consent
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because of the retrospective nature of this study. Personal
identifiers were completely removed and data were analyzed
anonymously. This study was performed in accordance
with the Declaration of Helsinki.

Results

1. Patient demographics

A total of 233 patients were hospitalized for UTL. Of them,
79 were excluded from this study. Of the remaining 154
patients, 82 had APN while 72 did not (Fig. 1). There was
no significant differences in age or sex between APN and
non-APN groups. However, the period of hospitalization
was longer in the APN group (APN vs. non-APN: 7.27+1.58
days vs. 6.42+1.46 days, P<0.05). In addition, the APN
group had more cases with fever that persisted for 272
hours after onset of symptoms (APN vs. non-APN, 46.3%
vs. 20.8%, P<0.05). Levels of pPNGAL, erythrocyte sedimen-
tation rate, CRP, WBC, ANC, monocyte count, and NLR
were significantly higher in the APN group than in the
non-APN group (all P<0.05). However, there was no signi-
ficant difference in creatinine, lymphocyte, or MLR bet:
ween the two groups. In all patients, serum creatinine levels

were within the normal range for their age (Table 1).

2. Association between pNGAL level and leukocyte
differential count
Age and sex-adjusted Spearman correlation analysis was
performed to find out the relationship between pNGAL
level and leukocyte differential count in both APN and

* Patients with UTls (n=233)
* August 2018-October 2019

Exclusion (n=79)
1) Younger than 1 month
2) Recurrent UTI

> 3) AKI

4) CKD

5) Systemic diseases

6) CAKUT excepts VUR

* Patients with APN (n=82)
* Patients with non-APN (n=72)

|
Fig. 1. Study flow diagram.
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non-APN groups. In the APN group, WBC, ANC, NLR,
and MLR were associated with pNGAL level (all P<0.05).
In the non-APN group, WBC, ANC, and NLR were asso-
ciated with pPNGAL level (all P<0.05) (Table 2). However,
levels of pPNGAL were not fully available for all patients
because there were cases when the test was not done on the

first day of admission.

Table 1. Patient Characteristics and Clinical Findings

APN non-APN Povalue
N=82 N=72
Male, n (%) 54(65.9%) 45(62.5%)  0.791%
Age (month) 10.8+23.5 854+15.1 0482

Admission day 73£16 64+15 0.001"

Fever duration (> 72 hrs), 38 (46.3%) 15 (20.8%) 0.002*
n (%)

pNGAL (ng/mL) 176.0+141.0 8214590 <0001
Cr (mg/dL) 0.27+0.09 0.24+0.06 0075
ESR (mm/hr) 3544206 21.7£183 <0001
CRP (mg/L) 5.72+4.65 2564266 <0001
WBC (/mm’) 17,975+5,878  13,509+5243  <0.001"
ANC (/mm’) 10,163+4766 6,366+3751  <0.001"
Lymphocyte count (/mm’)  5,722+2,304 5,489+2,333 0534
Monocyte count (/mm’) 1,908+1,037 1,430+738 0.001"
NLR 2434393 1.3541.05 0019
MLR 0.38+0.26 0.3140.25 017

*Chi-square test; TMann—\/\/hitney U'test.

Values are presented as mean-standard deviation or number (%).
Abbreviations: APN, acute pyelonephritis; pNGAL, plasma neutrophil
gelatinase-associated lipocalin; BUN, blood urea nitrogen; Cr, creatinine;
ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white
blood cell; ANC, absolute neutrophil count; NLR, neutrophil-to-lympho-
cyte ratio; MLR, monocyte-to-lymphocyte ratio.

Table 2. Spearman Correlation Analysis between pNGAL Level
and Leukocyte Differential Count after Adjusting for Age and
Sex

APN non-APN
Spearman'sp  P-value  Spearman'sp P-value
ANC (/mm) 0.3% 0.001 0421 0.002
Monocyte (/mm’) -0.008 0951 -0.031 0.827
WBC (/mm’) 0.293 0.019 037 0.008
NLR 0444 <0.001 0402 0.004
MLR 0.295 0.018 0.157 0271

Abbreviations: Spearman's p, Spearman partial correlation coefficient;
pNGAL, plasma neutrophil gelatinase-associated lipocalin; APN, acute
pyelonephritis; ANC, absolute neutrophil count; WBC, white blood cell;
NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte
ratio.
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3. Univariable and multivariable logistic regression
analyses for APN in patients with UTI

In univariable logistic analyses, pPNGAL, WBC, CRP,
ANC, monocyte count, and NLR were associated with the
presence of APN in children with febrile UTTIs (all P<0.05).
Among these variables, only pPNGAL level was an indepen-
dent predictor for the presence of APN in a multivariable
logistic regression analysis (P<0.05) (Table 3).

4.ROCanalyses

ROC analysis was performed to find the most appropriate
parameter for detecting APN in febrile UTIs. Results re-
vealed that pPNGAL level had the highest AUC (0.804, 95%
CI: 0.721-0.871), followed by WBC (0.721, 95% CI: 0.644-
0.791), ANC (0.760, 95% CI: 0.669-0.812), NLR (0.730, 95%
CI: 0.614-0.765), MLR (0.636, 95% CI: 0.529-0.688), and
CRP (0.741, 95% CI: 0.652-0.817) (all P<0.05) (Fig. 2). The
best cut-off value of pPNGAL for detecting APN was 94.3
ng/mL, with a sensitivity of 72.7% and a specificity of 79.3
%. The best cut-off value of WBC was 15,310/mm’, with a
sensitivity of 69.5% and a specificity of 68.1%. The best cut-
off value of ANC was 7,031/mm’, with a sensitivity of 75.6
% and a specificity of 66.7%. The best cut-off value of NLR
was 1.53, with a sensitivity of 58.5% and a specificity of 75
%. The best cut-off value of MLR was 0.35, with a sensitivity
0f46.3% and a specificity of 77.8%. The best cut-off value

Table 3. Univariable and Multivariable Logistic Regression Ana-
lyses for APN in Patients with UTI

Univariable logistic

Multivariable logistic

Variables regression regression
0dds ratio 2 Odds ratio [P
(95% C) value (95% Cl) value
Age (month) 1.01(0.99-1.02) 0497 0.99(0.96-1.03) 0.749
Sex (male) 0.87(044-1.68) 0.669 0.59(0.23-147) 0.264
pNGAL (ng/mL) 1.02 (1.01-1 02) <0.001 1.01(1.00-1.02) 0.033
WBC (/mm’) 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) 0.661
CRP (mg/L) 131(1.16-148) <0.001 1.14(0.96-1.37) 0.146
ANC (/mm’) 1.00 (1.00-1.00) <0.001 1.00(1.00-1.00) 0.854
Lymphocyte (/mm?) 1.00 (1.00-1.00) 0532
Monocyte (/mm’)  1.00(1.00-1.00) 0002 1.00(1.00-1.00) 0463
NLR 1.72(1.23-242) 0002 1.21(0.80-3.73) 0.728
MLR 321(0.76-135) 0.112

Abbreviations: APN, acute pyelonephritis; UTI, urinary tract infection;
pNGAL, plasma neutrophil gelatinase-associated lipocalin; WBC, white
blood cell; CRP, C-reactive protein; ANC, absolute neutrophil count; NLR,
neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio.
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of CRP was 2.1, with a sensitivity of 76.8% and a specificity
0f 58.3% (Table 4).

Discussion

The aim of this study was to assess the relationship bet-
ween pNGAL level and leukocyte differential count in
children with febrile UTIs. pPNGAL level was found to be
correlated with ANC and NLR in both APN and non-APN
groups. In particular, it had an association with MLR in

ROC Curves
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Fig. 2. Receiver operating curves for finding a reliable predictive
biomarker for APN.
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the APN group, but not in the non-APN group. Results of
logistic regression analysis confirmed that only pNGAL
level could predict the presence of APN independently in
children with febrile UTIs. For predicting APN, pNGAL
level was found to have the highest AUC value among exa-
mined variables. Therefore, PNGAL might be associated
with neutrophil count and NLR in febrile UTL. In addition,
it was associated with MLR, especially in those with APN.
We also confirmed that pPNGAL could be a useful tool for
diagnosing APN in children with febrile UTIs.

The migration of leukocytes is a strictly regulated process
that controls the distribution of immune cells throughout
the body'"”. Upon infection, neutrophils and monocytes
move to the peripheral site. They are essential for the defense
against a number of microbial pathogens™. In a normal
condition, these cells are rarely present in peripheral tissues.
However, if an infection occurs, numbers of neutrophils
and monocytes are increased rapidly. They can proliferate
in the bone marrow and migrate to the site of the infection
or inflammation®”. Recent studies have shown that neu-
trophils are involved in both protective and detrimental
responses to various types of inflammation and infectious
diseases”. Condron et al.”” have suggested that a defective
host neutrophil response can lead to a susceptibility to re-
current UTT. Neutrophils from recurrent UTI patients show
a significant decrease in bactericidal function compared to
those in healthy controls, with the former demonstrating a
decrease in activation capacity””. This finding implies that
areduced function of neutrophils can result in an inade-
quate bacterial eradication and an increased susceptibility
to recurrent infections. Likewise, monocytes play an im-
portant role in the initiation of adaptive immunity, the

removal of pathogens and dead cells, and tissue healing”.

Table 4. Predictive Values of Biomarkers for APN Based on ROC Curve Analysis

AUC 95% Cl P-value Cut-off value Sensitivity (%) Specificity (%)
pNGAL (ng/mL) 0.804 0.721-0.871 <0.0001 943 72.7 79.3
WBC (/mm’) 0.721 0.644-0.791 <0.0001 15,310 69.5 68.1
ANC (/mm’) 0.760 0.669-0.812 <0.0001 7,031 756 66.7
Monocyte (/mm’) 0527 0.437-0.600 0.680 13 756 306
NLR 0.730 0.614-0.765 <0.0001 153 58.5 750
MLR 0.636 0.529-0.688 0.016 0.35 46.3 778
CRP (mg/L) 0.741 0.652-0.817 <0.0001 2.1 76.8 583

Abbreviations: APN, acute pyelonephritis; ROC, Receiver operating curve; AUC, area under the curve; Cl, confidence interval; pNGAL, plasma neutrophil
gelatinase-associated lipocalin; WBC, white blood cell; ANC, absolute neutrophil count; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lympho-

cyte ratio; CRP, C-reactive protein.



www.chikd.org

Monocytes recruited into the tissue can mediate defense
mechanism against pathogens and contribute to inflam-
matory reactions. Thus, regulation of circulating mono-
cytes are crucial in controlling disease progression as well
as host defense from invading pathogens'”. Naess et al.”
have reported that both NLR and MLR are effective for
diagnosing bacterial infections in hospitalized patients with
fever and that NLR is more useful than commonly used
diagnostic blood tests for diagnosing septicemia. Jager et
al.*” have reported that NLR and lymphocytopenia are
better markers for predicting bacteremia than conventional
infection markers such as CRP, WBC, and neutrophil
count. In our previous study, we have found that children
with UTIs show higher monocyte counts than those with

viral infections™

. Monocyte count has been found to be
more specific than any other indices of leukocyte diffe-
rential count for detecting UTIs in children with fever'.
In the present study, ANC, monocyte count, NLR, and
PNGAL level were significantly higher in the APN group
than in the non-APN group. These results suggest that neu-
trophils and monocytes might play a role in the presence
and severity of UTT in children with fever.

NGAL is an iron-carrier protein produced by neutrophil
granules that play a vital role in the innate immune system
against bacterial infections*”. When there is an infection,
bacteria require iron for growth and metabolism in the
host. Bacteria acquire much of their iron from the host by
synthesizing siderophores that can remove iron and trans-

25,26

port it into the pathogen®>*®. This leads to activation of

neutrophils of the host to release NGAL, which prevents

24,27

bacteria from absorbing iron***”. NGAL transcription is
induced by bacterial lipopolysaccharides via a Toll-like re-
ceptor. Bacterial proliferation is inhibited by the depletion
of iron-laden siderophores such as enterochelin®. Elevated
PNGAL levels have been reported in patients with com-
munity-acquired pneumonia (CAP), sepsis, bacterial men-
ingitis, peritonitis, and UTT*”. pNGAL level is positively
correlated with CRP and procalcitonin levels in patients
with CAP™. It shows the highest AUC value for predicting
mortality of CAP*. In another paper, lipocalin 2 concen-
tration was significantly higher in patients with acute bac-
terial meningitis than in those with viral meningitis™. We
have repeatedly shown that NGAL could be a useful marker

4,14,

for detecting and managing UTTand APN in children
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39 Increased pPNGAL levels are associated with the pre-
sence of APN and subsequent kidney scarring in children
with febrile UTIs"***”, Recently, we have found that
uNGAL level is positively correlated with ANC, monocyte
count, NLR, and MLR in children with UTTs". Both mo-
nocyte count and uUNGAL level are useful for distinguishing
between UTI and non-UTI groups'. In the present study,
PNGAL level was correlated with ANC and NLR in all
patients with UTTI after adjusting for age and sex. pPNGAL
level also showed an association with MLR in the APN
group. MLR was associated with pPNGAL level in the APN
group. These findings imply that ANC, NLR, and NGAL
might play a role in managing children with febrile UTI
and that MLR might be useful for assessing children with
APN.

In the present study, only pPNGAL level was an indepen-
dent predictor for APN in children with febrile UTTs when
PNGAL, WBC, CRP, ANC, monocyte count, and NLR
were included in a multivariable logistic analysis. ROC
analyses also showed that pPNGAL level had the highest
AUC value for predicting APN, followed by ANC, NLR,
WBC, and MLR. These findings were consistent with our
previous findings"'”. Krzemien et al.” have reported that
PNGAL level is a good marker for early diagnosis of UTIs
in febrile infants and that it has higher sensitivity and spe-
cificity than uNGAL. Other studies have also suggested
that pPNGAL might be a sensitive predictor to identify APN
and monitor treatment response in pediatric UTIs™?.

APN can progress to life-threatening sepsis and multi-
organ failure. When accompanied by sepsis, the risk of
mortality and long-term hospitalization dramatically in-
creases and several complications can occur”””. As APN
is one of serious bacterial infections that can cause kidney
scarring in children. Thus, early diagnosis and prompt
treatment are crucial. When NGAL measurement is una-
vailable, monitoring the level of neutrophil count or NLR
in children with suspected UTIs may be useful. MLR can
be additionally helpful for predicting APN in febrile UTIs.
Taken together, there might be a correlation between NGAL
and leukocyte differential count in patients with febrile
UTIs.

This study has some limitations. First, this study was per-
formed in a single institution with a relatively small sample

size. In addition, this was a retrospective study. Some child-
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ren took oral antibiotics before their hospitalization. In
some children, WBC counts in the initial urine analysis
were normal. In those cases, children were monitored
without intravenous antibiotic treatment until urine cul-
ture reports showed that bacteria were growing, usually the
second day of hospitalization. Lastly, pPNGAL data were not
collected if UTI was not suspected in the initial presenta-
tion. Patients with initial pPNGAL values missing were ex-
cluded from some analysis.

In conclusion, pNGAL level is associated with blood
leukocyte differential count in children with febrile UTIs.
While ANC and NLR could be helpful for diagnosing fe-
brile UTIs, MLR would be better for diagnosing APN in
children with UTI. Additional studies involving multiple
centers with a large sample size are needed to clarify the
association of leukocyte differential count with NGAL

level in children with suspected UTIs.
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