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Abstract

Early diagnosis of urinary tract infection (UTI) in pediatric patients is a
problem due to the absence of specific symptoms and difficulty in obtaining the
proper urine sample. These difficulties increase the need for effective biomarker
for UTI diagnosis in young patients. Neutrophil gelatinase-associated lipocalin
(NGAL) is proved to be a marker for UTI diagnosis. YKL-40 is a glycosyl hy-
drolase which is produced locally at the sites of inflammation. The objective of
our study is to assess the value of YKL-40 as a possible marker for UTI diag-
nosis in febrile children and to compare its value versus NGAL. Urine culture
was used as a gold standard for UTI diagnosis. The study enrolled three
groups; febrile children with positive urine culture, febrile children with neg-
ative urine culture, and controls without fever and with negative urine cul-
ture. Each group included 50 children from patients attended outpatients
clinics department of Mansoura University Children Hospital. For each pa-
tient enrolled in the study, complete blood count, C-reactive protein, serum
creatinine, urine creatinine, routine urine analysis and urine culture were as-
sessed. Using ELISA test, urine values of NGAL (uNGAL) and YKL-40
(uYKL-40) were measured and normalized to urine creatinine (uUNGAL/uCr)
and (uYKL40/uCr) respectively. The values of uNGAL, uYKL-40, uNGAL/Cr
and uYKL-40/Cr were significantly higher in febrile UTI group. The receiver
operating curve (ROC) show the optimum cut off value for urine YKL-40
(171.5 pg) with 84% senstivity, 82% specificity and the area under the ROC
curve (AUC) 0.95. The optimum cutoff value of uYKL-40/Cr was (159.2
pg/mg) with 72% sensitivity, 71% specificity and 0.81 AUC. Higher sensitivity
and specificity of uYKL-40 and uYKL40/Cr compared to uNGAL and uN-
GAL/Cr respectively were observed. In conclusion, the diagnostic value of
uYKL-40 is superior to that of uNGAL. Urine YKL-40 could be a good mark-
er for diagnosis of UTI in febrile pediatric patients.
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1. Introduction

Urinary tract infection (UTI) is a common infection in pediatric patients [1]. The
standard method for diagnosis is urine culture. However, culture requires at least 2
days for confirmation of diagnosis. Delay in diagnosis of UTI may result in renal
involvement and chronic renal damage. So, early diagnosis of UTI is essentially
important to avoid renal complications [2] [3]. Therefore, the evaluation of new
biomarkers for early diagnosis of UTI in pediatric patients is required [4] [5].

YKL-40 or Chitinase 3-Like Protein 1 (CHI3L1) is a member of the glycosyl hy-
drolase family 18. The name of YKL-40 is derived from the NH2-terminal amino
acids tyrosine (Y), lysine (K), and leucine (L) and its 40 kDa molecular weight [6]
[7].

Various cells, including immune cells (e.g.) neutrophils and macrophages ex-
press YKL-40. YKL-40 is strongly induced during the late stages of human ma-
crophage differentiation [8]. YKL-40 possesses a functional carbohydrate-binding
motif but it lacks enzymatic activity entirely. It is not yet known to have a spe-
cific receptor [9] [10]. The exact biological function of YKL-40 is still undeter-
mined. It can play a role in many processes like extracellular matrix, fibrosis, and
inflammation [7]. YKL-40 could be a site-specific inflammatory marker because
it is produced locally at inflammatory sites [11] [12].

Many biomarkers have been investigated for their role in diagnosing UTL
One of these markers is neutrophil gelatinase-associated lipocalin (NGAL). In
innate immune response to Gram-negative bacteria, NGAL plays an important
role. It binds to iron-laden bacterial siderophores preventing the absorption of
iron and hence the growth of bacteria. NGAL functions as a neutrophil che-
moattractor. It enhances neutrophil maturation, adhesion, phagocytosis, and
bacterial killing. NGAL is expressed in healthy people with very low levels in
neutrophils and epithelial cells of many organs like kidneys and liver [2] [13].
Urine NGAL (uNGAL) assay can be used for diagnosing UTI in children [4]
[14] [15].

Few studies search the possible use of urineYKL-40 (uYKL-40) as a marker for
UTI diagnosis in children. Our study aims at the assessment of uYKL-40 as a

biomarker for UTI in pediatrics and compares this value versus uNGAL.

2. Methods

This study is a case control study which enrolled 150 children (aged between 1
month to 16 years) during period extending from February 2016 to March 2018.
Patients attended the outpatient clinics of Mansoura University Children Hos-

pital.
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2.1. Inclusion Criteria

Patients were classified into three groups each includes 50 patients:
Group (1): febrile children diagnosed with UTI based on clinical and lab cri-
teria.
¢ Clinically presented with fever (237.5°C), and symptoms suggesting UTI as
back pain, difficult painful micturation, change in urine colour as stated from
patient or mother.
e Lab criteria: positive urine culture with one organism > 10° colony-forming
units (CFU)/mL.
e Urine samples were collected as early as possible prior to the start of the
symptoms.
Group (2): febrile children without UTI.
Clinically presented with fever (237.5°C) and no clinical symptoms of UTI.

Lab criteria: Negative urine culture (less than 10° colony-forming-units
(CFU)/mL).
Group (3): non febrile healthy children as a control.

This group includes non febrile children, with no evidence of inflamma-

tion-related disease requiring a medical examination or lab investigations.

Lab criteria: Negative urine culture (less than 10° colony-forming-units
(CFU)/mL).

2.2. Exclusion Criteria

Patients with history of UTI within less than 3 months, antibiotics therapy in the
previous 72 h, patients with congenital anomalies in urinary system and immu-
nosupressed patients were excluded.

For all patients in the three groups:

Full history was taken and lab tests including complete blood count, C-reactive
protein (CRP), serum creatinine, and urine creatinine measurement were done.

Urine samples were collected from all patients either by midstream technique
in toilet trained children or using adhesive urine bags in younger children [16].

Routine microscopic and biochemical urine analysis were performed for all
collected urine samples.

Urine culture was performed for patients in all groups on cystine lactose elec-
trolyte deficient (CLED) agar (Thermo Fisher Scientific-UK) plate according to
method described before [16].

e Pyuria was defined as >5 WBCs/HPF.

e Dipstick tests were performed on all collected urine samples for detection of
proteinuria which defined as protein score > 1 (1 to 4), nitrite production
which defined as positive or negative. Leukocyte esterase production: defined
as positive or negative.

Isolated organisms were identified using routine microbiological methods and
API 20 E and 20 NE (bioMérieux) according to the manufacture instructions
[16].
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2.3. Urine YKL-40 and uNGAL Assay

For uYKL-40 and uNGAL levels assay, urine samples collected for culture and
routine urine analysis were used. Urinary samples were cleared by centrifugation.
Urine YKL-40 values were measured using Human Chitinase 3-like 1 Quantikine
ELISA Kit (R & D systems) according to the manufacture instructions.

Normally, uYKL-40 in healthy subjects can be undetectable or its level is less
than 200 pg/ml [17].

Measuring urinary NGAL levels: Urine NGAL levels were measured using
Human Lipocalin-2/NGAL Quantikine ELISA Kit (R & D systems) according to
the manufacture instructions. Urine NGAL and YKL-40 values were expressed
as ng/ml and pg/mL.

To nullify the effect of urine dilution on markers concentration, urine levels of
YKL-40 and NGAL were normalized to urine creatinine level and expressed as
urine YKL-40 and urine NGAL to urine creatinine ratio; uYKL-40/Cr (pg/mg)
and uNGAL/Cr (ng/mg) respectively.

The study was approved by the institutional review board at faculty of medi-
cine Mansoura Univerisy (code number R.19.11.670). Informed consent was ob-

tained from parents of all children included in the study.

2.4. Statistical Analysis

Statistical Package for the Social Sciences (SPSS) software for Windows 20.0 was
used for statistical analyses. Descriptive statistics was described as mean, stan-
dard deviation (s.d.). Statistical difference between two groups was analyzed by
Chi-square test (y*) for categorical variables and independent sample Student’s
t-tests for continuous variables. Kolmogorov-Smirnov test was used to assess
normality of continuous variables. To evaluate the diagnostic value of urine
YKL-40 and NGAL levels for UTI, the receiver operating (ROC) curve analysis
was used. Calculated areas under the ROC curve (AUC), optimum cut-off val-
ues, sensitivity and specificity were calculated. Values of P < 0.05 were consi-

dered to be significant.

3. Results

This study enrolled 150 children in Mansoura university children hospital out
patients clinics department in the period extending from February 2016 to
march 2018. Children were classified into 3 groups febrile patients with UTI
symptoms and positive urine culture, febrile patients without UTI cause as evi-
denced by negative urine culture and the control group includes children with-
out fever and with negative urinary culture. Urine and blood samples were col-
lected from all patients in the three groups. Lab tests including CRP, CBC, serum
creatinine measurement, urine creatinine measurement, routine urine analysis
and urine culture were performed. Demographic and lab data of patients and

controls included in the study are shown in Table 1. No significant difference
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Table 1. Demographic and lab data of the study groups.

Group (1) Group (2) P value
. . . Group (3)
Febrile children Febrile children Control .
with UTI without UTI P P pe
Age (years) 57+44 5+42 45+4
0.39 0.15 0.57
mean + SD
Sex (No %
ex (No %) 15 (30) 13 (26) 20 (40)
Male: 0.66 0.17 0.29
35 (70) 37 (74) 30 (60)
female
Whbcs count
12.6 £2.2 13.4+24 54+1.3 0.1 <0.0001 <0.0001
(mean + SD)
Serum creatinine
0.7+0.2 0.8x+0.1 0.7x0.1 0.7 0.4 0.2
(mean + SD)
CRP
11.4+6.9 13.9£9.9 24+0.7 0.1 0.0001 0.0001
(mean *+ SD)
Pus cells/HPF
43.82 £ 33.85 9.1+6.1 4117 0.0001 0.0001 0.8
(mean + SD)
Proteniuria
Positive: 26 (52) 9 (18) 0 NA NA
. 0.0004
Negative 24 (48) 41 (82) 50
Nitrite
Positive: 29 (58) 0 0 NA NA NA
Negative 21 (42) 50 50

Whbes: white blood cells; P* group 1 versus group 2; P* group 1 versus group 3; P¢ group 2 versus group 3,
NA: not applicable, SD: standard deviation.

regarding age and sex distribution between study groups.

Urine culture was done for all patients in the three groups. Significant bacte-
ruria was detected in patients of group (1). Isolated bacteria were identified us-
ing standard microbiological methods, biochemical reactions and API 20E and
API 20 NE. Types and percentages of isolated organisms are shown in Table 2.
Escherichia coli represents the highest prevalence among organisms causing UTI
in the first group (62%). The 2™ most common organism was Klebsiella (12%).
Patients in the 2™ group were diagnosed gastero-enteritis, pneumonia, tonsillitis,
and oteitis media.

Urine YKL-40 and uNGAL levels were measured in collected urine samples
using ELISA Kkits according to the manufacture instructions. Normalized urine
values of biomarkers to urinary creatinine level were estimated and were ex-
pressed as ng/mg for NGAL and pg/mg for YKL-40 Table 3. The mean uNGAL
and uYKL-40 were significantly higher in febrile UTI group compared to the other
two groups. Significant difference was detected regarding mean of uNGAL/Cr and
uYKL-40/Cr in group (1). The mean values of uYKL-40, uNGAL, uNGAL/Cr and
uYKL-40/Cr shows no significant difference between group (2) and group (3).

To compare the diagnostic value of both makers in UTI diagnosis, ROC curve
analysis was used. The AUC, optimal cut-off value, sensitivity and specificity for
uNGAL, uYKL-40, uNGAL/Cr and uYKL-40/Cr were estimated Table 4.
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Table 2. Results of urine culture in group (1).

Organism Frequency NO (%)
31
E. coli
coli 62)
Kilebsiell. i 6
ebsiella species
P (12)
., 5
Enterococci
(10)
3
Staphylococcus aureus ©)
Prot !
roteus
(2)
, . 1
Providencia
(2)
3
Enterobacter
(6)

E. colirepresents the most common organism causing UTT in febrile UTI group.

Table 3. Urine levels of YKL-40, NGAL and the normalized values to urine creatinine level.

- . P value
e with UTY childrenwithout o C7oUP ) Contrsl b
uYKL-40 (pg/ml) (mean + SD) 980.2 + 2160 151.2 £ 54.5 147.2 £ 49.5 0.008 0.009 0.7
YKL-40/Cr (pg/mg) (mean * SD) 661.7 £ 1566 134.1 £91.1 137.4 £ 95.6 0.02 0.02 0.8
uNGAL level (ng/ml) (mean + SD) 86.2 +43.4 30.6 + 16.5 33.2+20.3 <0.0001 <0.0001 0.5
uNGAL/Cr (ng/mg) (mean + SD) 68.9 + 56.6 28.2 £ 23.3 30+21.4 <0.0001 <0.0001 0.7

uYKL-40: urine YKL-40, YKL-40/Cr: urine YKL-40/ urine creatinine, uNGAL: urine NGAL, uNGAL/Cr: urine NGAL/urine creatinine; Student £ test was
used to compare the values of markers and normalized markers; P* group 1 versus group2; P® group 1 versus group 3; P group 2 versus group 3, SD: stan-

dard deviation.

Table 4. Area under the curve (AUC), optimal cut-off values, sensitivity and specificity for YKL-40, NGAL and their normalized
values to urine creatinine level for the diagnosis of UTI in febrile children.

Area under the curve (AUC) P Optimal cut-off value  Sensitivity (%)  Specificity (%)
uYKL-40 (pg/ml) 0.95 <0.0001 171.5 84 82
uYKL-40/Cr (pg/mg) 0.81 <0.0001 159.2 72 71
u NGAL (ng/ml) 0.90 <0.0001 43.8 80 82
uNGAL/Cr (ng/mg) 0.75 <0.0001 29 76 63

uYKL-40: urine YKL-40, YKL-40/Cr: urine YKL-40/urine creatinine, uNGAL: urine NGAL, uNGAL/Cr: urine NGAL/urine creatinine.

The AUC of uYKL-40 was the highest value (0.95) for the diagnosis of UTI in
febrile group with optimal cut off value 171.5 pg, followed by uYKL-40/Cr of
0.81 with best cut off value of 159.2 pg/mg.

4. Discussion

The diagnosis of UTI in children is challenging. The absence of specific symp-
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toms, difficulty in mid stream urine collection for culture and analysis provide
more obstacles for proper diagnosis [18] [19]. In addition, urine culture which
represents the gold standard for diagnosis takes at least 2 days for confirmation
of UTI [20]. The late diagnosis of UTI could result in severe complications such
as formation of renal scar [21].

Treatment of UTI using empirical antibiotics can be started depending on
abnormal finding in routine urine analysis as pyuria. In some cases, positive
urine culture and pyuria may give false diagnosis of UTI. For example, pyuria in
some viral infections and asymptomatic bacteriuria, this causes false prescrpa-
tion of unnecessary antibiotics [18] [22].

Therefore, more sensitive and specific diagnostic tests are required for better
diagnosis of UTI in children. In case of UTI, activated neutrophil cells release
NGAL in urine. So, urine NGAL is one of these markers that are assumed to be
an accurate marker for diagnosis of UTI [4] [14] [23].

Mammalian chitinase-like proteins or YKL-40 is supposed to play role in de-
fense mechanisms against many pathogens. YKL-40 has been indicated as a
biomarker of sepsis [24].

Our study was aiming at evaluation of YKL-40 urine level as a marker for di-
agnosis of UTI in children. We compared the value of urine YKL-40 levels ver-
sus other marker for UTI diagnosis; NGAL. Both markers were measured in the
three groups and the levels of both markers were normalized to urinary creati-
nine. The three groups of children included in the present study; febrile children
due to UTI as indicted by positive urine culture, febrile children without UTI
evidenced by negative urine culture, and control group without fever and with
negative urine culture. Each group includes 50 patients or healthy controls.

Regarding the results of urine culture in febrile UTI group, Escherichia coli
was the highest prevalence among bacterial agents causing UTL It represents
(62%) of all positive cultures. Klebsiella spp were the 2" most common organ-
ism (12%). These results match with other studies like Abdul Raheem et al,
(2019) [25].

Our study determined the optimum cut-off value of uNGAL to be 43.8 ng/ml
with sensitivity (80%), specificity (82%), and AUC (0.9). For uNGAL/Cr the op-
timal cut-off value was (29 ng/mg) with sensitivity (76%), specificity (63%), and
AUC (0.75).

Our result matches with the result of Krzemien ef al (2018) [26]. They inves-
tigated the value of uNGAL in UTI in children. Their study determined opti-
mum cut-off value (42.2 ng/ml) and AUC (0.76). However, they obtain lower
sensitivity (73.8%), specificity (72.2%). Also, our result regarding uNGAL/Cr
matches with results of Ylmaz et al (2009) [2] they found optimum cut-off value
30 ng/ml for uNGAL/Cr but with higher sensitivity (98%), specificity (76%) and
AUC (0.99).

However, our uNGAL cut-off value is higher than that of Yim et al (2014) [5]
(23.95 ng/mg) and for uNGAL/Cr (276.5), and Lee et al (2015) [14] the optimial
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cut-off value was (108 ng/mg) with (97%) sensitivity, (80.6%) specificity and
with similar AUC (0.91).

This discrepancy in the results may be due the difference in the age of the
study groups or the inclusion of children with abnormal kidney functions in
these studies. The children in our study have normal renal function and they
didn’t have history of congenital anomalies in urinary tract or recurrent UTL

Our study revealed significant higher value of YKL-40 and YKL-40/Cr in UTI
groups compared with sex and age matched febrile children due to other infec-
tions and control children without fever.

According to the ROC curve analysis, the optimal cut-off value of uri-
neYKL-40 was (171.5 pg/ ml) with sensitivity (84%), specificity (82%), and AUC
(0.95). The optimal cut-off value for urine YKL-40/Cr was (159.2 pg/mg) with
sensitivity (72%), specificity (71%), and AUC (0.81). Our result agrees with the
result of Kim et al, 2018 [27].

Up to our knowledge, this study is the first one to compare the value of urine
YKL-40 versus urine NGAL value as biomarkers for diagnosing UTT in children.

According to our study uYKL-40 and uYKL-40/Cr values are of higher sensitivity
and specificity than that of NGAL and uNGAL/Cr values in diagnosing febrile UTI.
They can be used to differentiate UTI from other infections in febrile children.

Our study has some limitations. We did not investigate the effect of treatment
on the level of urine YKL-40 and YKL-40/Cr and the possible use of this marker
in the follow up and evaluation of the success of UTI treatment in children pa-
tients. Second, our study excludes patients with recurrent UTI and patients with
congenital anomalies of urinary system. More studies are recommended to eva-
luate the use of YKL-40 as marker in these groups and the optimal cut-off value.

In addition, the uses YKL-40 in treatment follow up.

5. Conclusions

The current study was designed to investigate the diagnostic value of urine
YKL-40 level for early diagnosis of UTI in children. In addition, the study com-
pared its value against value of urine NGAL level assay. The urine levels of these
two markers were normalized to urine creatinine level. Up to our knowledge,
this study is the first to compare the values of these two markers in UTI diagno-
sis in febrile children.

Our study reveals that uYKL-40 and uYKL-40/Cr can be used as a biomarker
for diagnosis of simple uncomplicated UTI in febrile children. Urine YKL-40 has
higher sensitivity and specificity compared to uNGAL level.
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