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Neutrophil gelatinase-associated lipocalin (NGAL) is emerging as a potential biomarker in many medical 
conditions including asthma. The aim of this study was to assess the role of serum NGAL in Egyptian 
childhood bronchial asthma. The study included 156 patients and 39 apparently healthy control children. 
Full clinical examination, pulmonary function tests; CBC, CRP, IgE, liver function tests, and renal function 
tests, and serum NGAL level were performed. The difference between the studied groups was statistically 
significant regarding IgE, eosinophils and NGAL (P= 0.001 for each). In addition, the difference between 
the subgroup with severe persistent asthma and the subgroup with mild intermittent asthma was 
significant (P=0.001). ROC curve analysis showed that at a cut-off value of 0.884 the sensitivity and 
specificity of differentiating severe bronchial asthma patients from controls was 82 % and 76 %, 
respectively. In conclusion, NGAL may represent a potential marker of bronchial asthma in children with 
severe disease.  

sthma is the most common chronic 

disease among children [1]. 

Bronchial Asthma is characterized 

by variable symptoms of wheeze, shortness 

of breath, chest tightness and/or cough, and 

by variable expiratory airflow limitation [2]. 

Aside from its increasing prevalence, the 

severity of asthma also seems to be 

increasing in pediatric and adolescent 

patients, as there is an observed increase in 

rates of consultations and visits to clinics, 

hospitals, and emergency departments [3]. 

Neutrophil gelatinase-associated lipocalin 

(NGAL) is a 25 kDa glycoprotein, was first 

identified as a matrix protein of specific 

granules of human neutrophils. NGAL is 

secreted by neutrophils and other cells such 

as respiratory and intestinal, epithelial cells, 

vascular endothelial cells, adipose tissue, 

macrophages and tubuli cells in the kidneys 

[4]. 

There is a tremendous increase in the 

number of studies that have investigated 

NGAL as a biomarker for both diagnosis 

and prognosis of some diseases as acute 

kidney injury, obesity, and cancer [5]. 

NGAL is expressed in multiple tissues and is 

involved in a series of metabolic and 

pathological disorders in the human body 

processes [6]. Its secreted nature and the 

availability of commercially robust 

immunoassays have contributed to NGAL 

emerging as a potential biomarker in a wide 

array of benign and malignant human 

diseases [7]. 

Several studies performed on patients 

with asthma, pulmonary emphysema, 

chronic obstructive pulmonary disease 

(COPD) revealed increased matrix 

metalloproteinase-9 (MMP-9) and NGAL 

levels in broncho-alveolar lavage (BAL) 

fluid samples, probably as a result of 

structural alterations in the airways [8]. 

A 
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However, the role of NGAL as a potential 

marker of disease severity in childhood 

asthma remains not fully determined [7]. 

The aim of the present study was to evaluate 

the association of serum NGAL with 

childhood bronchial asthma and to 

determine if NGAL has a relation to 

childhood asthma severity. 

Materials and Methods 

This was a prospective cross-sectional study. It was 

conducted in Pediatrics pulmonology and Medical 

Microbiology and Immunology Departments, 

Zagazig University Hospital in the period from April 

2015 to June 2017. 

Ethical statement 

This study was reviewed and approved by the 

research and ethical committee of the Faculty of 

Medicine, Zagazig University (approval # 2392, 

October 2015). An informed consent was taken from 

parents or guardians of study children. 

Study subjects 

The study included 156 patients and 39 control 

children. The cases were subdivided into four asthma 

groups, 39 cases in each group (intermittent, mild 

persistent, moderate persistent and severe persistent) 

adapted from Guidelines for the Diagnosis and 
Treatment of Asthma Expert panel Report 3; 2007 

according to National Heart, Lung, and Blood 

Institute(NHLBI) [9].The following data were 

uniformly recorded: demographic data (age, sex), full 

clinical examination: full history, examination and 

evaluation with pulmonary function tests (FEV1, 

FVC and FEV1/FVC), routine laboratory 

investigations (CBC, CRP, IgE, liver function test, 

and renal function tests), and serum NGAL level. 

For diagnosis of asthma and to classify the 
patients into subgroups according to severity or 

exclude other respiratory conditions which can be 

misdiagnosed as asthma or complicate asthma several 

parameters were assessed. Pulmonary function tests 

were determined by spirometry. CBC was determined 

by automated cell counter, Sysmex KX-21N (TAO 

Medical Incorporation, Japan). Liver and renal 

function tests were measured using fully automated 

clinical chemistry auto-analyzer system Flexor XL 

(Selectra, ELI Tech, France). CRP was measured by 

nephlometry (Dade Behring Inc., Newark, DE, USA) 

and IgE by ELISA (Invitrogen - Thermo Fisher 

Scientific, USA) according to the manufacturer’s 
instructions.  

Blood samples (3 ml of peripheral venous blood) 

were collected under complete aseptic conditions by 

venipuncture from all patients and controls. Serum 

samples were then separated by centrifugation at 

2000 xg for 10 minutes at room temperature. The 

samples were stored at -20° C till used. 

Assessment of serum NGAL was performed using 

a commercial ELISA kit (Invitrogen - Thermo Fisher 

Scientific, USA) according to the manufacturer’s 

instructions. Briefly, 100 µL of standards, diluted 

samples were added to microtiter plate wells. The 
plate was incubated for 2.5 hours at room temperature 

with gentle shaking. Washing four times was done. 

Biotin conjugate (100 µL) was added to each well, 

incubated for 1 hour at room temperature with gentle 

shaking. Aliquots, 100 µL of prepared streptavidin-

HRP solution was added to each well. Then wells 

were washed four times. TMB substrate (100 µL) was 

added to each well, incubated for 30 minutes. Finally, 

50 µL of stop solution was added to each well at 

room temperature in the dark with gentle shaking. 

The optical density (OD) was measured 
spectrophotometrically at a wavelength of 450 nm 

within 30 minutes after adding the stop solution. The 

concentration of NGAL was then calculated by 

comparing the OD of the samples to the standard 

curve. The sensitivity was 6.5 pg/mL (range of 7.81-

500 pg/mL). 

Statistical Methods 

Data were coded, entered and analyzed using 

Statistical Package for the Social Sciences (SPSS 

version 20.0) software for analysis. Qualitative data 
was represented as number and percentage. 

Quantitative data was represented by mean ± SD. Chi 

Square test was used to assess statistical significance 

of difference between two qualitative variables. 

ANOVA test (F test) was used to compares between 

more than 2 continuous variables expressed as mean 

± SD. F is the ratio between variations due to studied 

variable to variation to error. Post-hoc Bonferroni test 
for multiple comparisons of significance was used. P 

value was set at <0.05 for significant results. The 

ROC curve (receiver operator characteristic) was 

drawn using on line MedCalc Software. 

https://r.search.yahoo.com/_ylt=AwrJS9WvuIhdPCQAJRnTlQx.;_ylu=X3oDMTByaW11dnNvBGNvbG8DaXIyBHBvcwMxBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1569270064/RO=10/RU=https%3a%2f%2fwww.thermofisher.com%2felisa%2fproduct%2fNGAL-Human-ELISA-Kit%2fKIT036/RK=2/RS=rkRa_lsoF6OFtWzRBX4gjBujX4g-
https://r.search.yahoo.com/_ylt=AwrJS9WvuIhdPCQAJRnTlQx.;_ylu=X3oDMTByaW11dnNvBGNvbG8DaXIyBHBvcwMxBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1569270064/RO=10/RU=https%3a%2f%2fwww.thermofisher.com%2felisa%2fproduct%2fNGAL-Human-ELISA-Kit%2fKIT036/RK=2/RS=rkRa_lsoF6OFtWzRBX4gjBujX4g-
https://r.search.yahoo.com/_ylt=AwrJS9WvuIhdPCQAJRnTlQx.;_ylu=X3oDMTByaW11dnNvBGNvbG8DaXIyBHBvcwMxBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1569270064/RO=10/RU=https%3a%2f%2fwww.thermofisher.com%2felisa%2fproduct%2fNGAL-Human-ELISA-Kit%2fKIT036/RK=2/RS=rkRa_lsoF6OFtWzRBX4gjBujX4g-
https://r.search.yahoo.com/_ylt=AwrJS9WvuIhdPCQAJRnTlQx.;_ylu=X3oDMTByaW11dnNvBGNvbG8DaXIyBHBvcwMxBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1569270064/RO=10/RU=https%3a%2f%2fwww.thermofisher.com%2felisa%2fproduct%2fNGAL-Human-ELISA-Kit%2fKIT036/RK=2/RS=rkRa_lsoF6OFtWzRBX4gjBujX4g-


THE EGYPTIAN JOURNAL OF IMMUNOLOGY 95 

Results 

As shown in Table 1, there was no 

statistically significant difference between 

the studied groups regarding age and sex. 

There was statistically significant difference 

between the studied groups regarding 

NGAL, IgE, and eosinophils (P = 0.001 for 

each). There were also statistically 

significant difference between the studied 

groups as regard to FEVI, FVC, and 

FEV1/FVC (P = 0.001 for each). There was 

no statistically significant difference 

between the studied groups in WBCs, CRP, 

creatinine, BUN, bilirubin, ALT, and AST. 

Table 1. Comparison between the studied groups in pulmonary function tests and Lab parameters: 

Variable Control 
Mild 

intermittent 
Mild 

persistent 
Moderate 
persistent 

Severe 
persistent 

P value 

Age (years)       

mean±SD  

Range 

7.6±1.3 

(5-15) 

7.8±2.4 

(6-15) 

8.5±2.7 

(5-15) 

8.3±2.6 

(6-15) 

9.2±1.3 

(8-15) 
NS 

Sex: N (%) 
M: 25 (64.1%) 

F: 14(35.9%) 

M: 15 61.5%) 

F: 24(38.5%) 

M: 18(46.2%) 

F: 21(53.8%) 

M: 22(56.4%) 

F: 17(43.6%) 

M: 22(56.4%) 

F: 17(43.6%) 
NS 

FEV1 % 
predicted 

101.2±7.3 87.8±4.1 95.3±7.7 71.6±5.5 54.5±5.5^ 0.001** 

FVC % 
predicted 

101±6.6 89.1±3.5 84.4±18.2 85.3±5.2 86.7±3.4^ 0.001** 

FEV1/FVC % 
predicted 

100.1±7.3 98.6±4.9 87.6±5.6 83.2±6.5 62.8±6.1^ 0.001** 

IgE (IU/mL) 87.2±24.2 247.7±60.2 267.7±63.9 310.1±66.5 348.2±60.4^ 0.001** 

Eosinophil (%) 1.9±0.4 3.7±0.7 3.6±0.7 4.5±0.8 5.1±0.9^ 0.001** 

NGAL (ng/mL) 66.2±20.4 71.7±21.1 62.6±19.1 85.6±21.1 118.7±23.4^ 0.001** 

WBCs (cell/µL) 7175.8±616 7789.2±1134 7870.5±1091 8880.5±1199 10382.6±2757 NS 

CRP (mg/dL) 4.2±1.08 3.9±1.2 3.5±1.2 5.4±1.8 5.5±1.3 NS 

Creatinine 
(mg%) 

0.8±0.1 0.9±0.1 0.8±0.2 0.8±0.1 0.8±0.1 NS 

BUN(mg%) 14.3±3.5 13.9±3.8 16.2±3.4 17.2±3.9 14.3±3.7 NS 

AST (IU/L) 18.02±2.7 25.9±7.4 31.7±7.7 32.4±10.2 27.9±8.9 NS 

ALT(IU/L) 18.7±3.7 30.2±9.7 31.7±10 34.2±11.8 32.1±9.7 NS 

Bilirubin (mg%) 0.47±0.02 0.5±0.1 0.58±0.03 0.54±0.03 0.75±0.2 NS 

** P > 0.05 is not significant (NS). ^NB: All statistics by F test except Sex distribution by Chi square test. 

 

As shown in Table 2, there was statistically 

significant difference in NGAL 

concentration between the moderate and 

severe persistent asthma subgroups versus 

the control group (P =0.002 and 0.001, 

respectively). There was also statistically 

significant difference between severe 

persistent asthma subgroup versus mild 

intermittent subgroup (P =0.001). 

Furthermore, there was statistically 

significant difference between severe 

persistent asthma subgroup versus the mild 
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intermittent asthma subgroup (P =0.001). In 

addition, there was statistically significant 

difference between moderate persistent, 

severe persistent asthma subgroups versus 

the mild persistent asthma subgroup (P 

=0.001 and 0.001, respectively). Also, there 

was statistically significant difference 

between severe persistent versus moderate 

persistent asthma subgroups (P =0.001). 

There was no significant difference between 

control group versus mild intermittent 

subgroup (P =0.3); between the control 

group versus mild persistent subgroup (p 

=0.5); between mild intermittent subgroup 

versus mild persistent subgroup (P =0.1); 

nor between mild intermittent subgroup 

versus moderate persistent subgroup (P 

=0.2).  

As shown in Figure1 (A), ROC curve 

shows that the NGAL cut off value in 

bronchial asthma patients versus the control 

group was 0.643 with sensitivity and 

specificity of 39 % and 87 %, respectively 

(P < 0.001). As shown in Figure 1(B), ROC 

curve shows that the NGAL cut off value in 

severe bronchial asthma patients versus the 

control group was 0.884 with sensitivity and 

specificity of 82 % and 76 %, respectively 

(P < 0.001). 

Table 2. Multiple comparisons table showing the 
significance difference within the studied groups in 
serum NGAL using Post-hoc Bonferroni test. 

Compared Groups Serum NGAL P value 
Control Mild intermittent NS 

 Mild persistent NS 

 Moderate persistent 0.002* 

 Severe persistent 0.001* 

Mild intermittent Mild persistent NS 

 Moderate persistent NS 

 Severe persistent 0.001* 

Mild persistent Moderate persistent 0.001* 

 Severe persistent 0.001* 

Moderate persistent Severe persistent 0.001* 

* P > 0.05 is not significant (NS) 

 

 

Figure 1. (A) ROC curve between bronchial asthma patients versus control group. (B) ROC curve between 
severe bronchial asthma patients versus control group. 
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Discussion 

Asthma is a common chronic inflammatory 

disease in children and can compromise the 

patient life so we evaluated the association 

of the new biomarker NGAL in the serum of 

Egyptian bronchial asthma children. Asthma 

consists of various phenotypes that can be 

mild to severely disabling [1] so we also 

evaluated the relation of this new biomarker 

to the severity of asthma with the hope of 

early prediction of severe disease that can 

lead to positive impact on the patient 

management. 

This study revealed that there was a 

significant elevation in serum NGAL level 

in asthmatic patients in comparison to the 

control group. ROC curve analysis shows 

that NGAL cut off value in bronchial asthma 

patients versus controls was 0.643 with 

sensitivity and specificity of 39 % and 87 % 

respectively.  

Findings of the present study are in 

accordance with these of a study by Karakoc 

GB et al., 2012 demonstrated that NGAL 

levels in broncho-alveolar lavage in children 

with asthma were significantly higher than 

those in the study controls [4]. Another 

study performed on patients with asthma, 

pulmonary emphysema, and chronic 

obstructive pulmonary disease revealed 

increased NGAL levels in broncho-alveolar 

lavage fluid samples [10]. A study in 

Finland proved that sputum NGAL was 

significantly elevated in COPD–asthma 

overlap compared with COPD (P=0.00016) 

and it could be used to differentiate patients 

with overlap from those with COPD. 

Increased induced sputum levels of NGAL 

might be a characteristic feature of overlap, 

suggesting enhanced neutrophilic airway 

inflammation and/or airway epithelial injury 

in COPD–asthma overlap [11]. Also, a study 

done in Turkey reported that serum NGAL 

level in COPD acute exacerbations was 

elevated as biomarker of acute inflammation 

[12]. 

The current study shows that there was 

statistically significant difference between 

the severe subgroups compared with the 

mild subgroups; the moderate and severe 

persistent asthma subgroup versus controls; 

severe persistent asthma subgroup versus 

mild intermittent subgroup; moderate 

persistent, severe persistent asthma 

subgroups versus the mild persistent asthma 

subgroup; severe persistent versus moderate 

persistent asthma subgroups in serum NGAL 

concentration. 

However, in contrast to our study 

regarding serum NGAL; Akelma et al., 2015 

reported that the difference in serum NGAL 

levels between the asthma groups was 

insignificant demonstrating that similar 

NGAL levels between the subgroups (mild 

intermittent, mild persistent and moderate 

persistent) were found [5]. The difference 

between our study and the study of Akelma 

and his colleagues can be explained by the 

difference of the number and type of 

patients. They did not include severe 

persistent asthma group in their study. Also 

the patients of the both studies can be related 

to different asthma phenotypes. The 

different asthma phenotypes have different 

biomarkers [13]. 

Several hypotheses have been suggested 

to explain the functional role of NGAL in 

asthma inflammation. One hypothesis is that 

acute (predominantly) or chronic 

inflammation of allergic airways leads to 

elevated NGAL in airways as a result of 

induction by pro-inflammatory cytokines 

such as IL-1β [14]. Inflammation of airways 

might lead to the accumulation of 

granulocytes at the sites of inflammation. 

https://onlinelibrary.wiley.com/doi/full/10.1111/cea.12025#cea12025-bib-0019
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These granulocytes undergo apoptosis, and 

release their granules (containing NGAL). 

These granules mediate local tissue injury 

which suggests serum NGAL correlation to 

bronchial asthma severity [15].Similarly 

Kowsalya et al., 2013 reported that NGAL 

has been considered a marker of 

inflammatory processes such as obesity and 

asthma [16]. Andre et al., 2006 reported that 

NGAL has been shown to be a pro-

inflammatory molecule that may be 

considered a marker of inflammatory 

processes such as asthma [17]. On the 

contrary, some studies suggested a 

protective effect for NGAL against airway 

inflammation and hyper-reactivity as it has 

anti-apoptotic and antimicrobial effects [18-

20]. 

In conclusion, the current study report 

that serum NGAL level may be a useful 

marker of bronchial asthma in children with 

severe disease. 
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