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Background: Pediatric chronic lung diseases include bronchiectasis, interstitial pneumonitis, cystic fibrosis and
sequestrated lung disease. They are characterized by endobronchial chronic bacterial infections and predominantly
neutrophilic inflammatory response. Human neutrophil lipocalin (HNL) is a newly discovered protein from human
neutrophil secondary granules.

Objective: The present study was performed to evaluate serum human neutrophil lipocalin (HNL) as a specific marker of
ongoing neutrophilic inflammation in chronic lung diseases.

Methods: This was a case-control study that included 40 children with chronic lung diseases (thirty were in exacerbation
and ten were in stable state) recruited from the Pediatric Chest clinic, Children's hospital, Ain Shams University hospitals
and ten healthy children as negative control.

Results: Patients' mean age was 6.7+2.88 years; Twenty two (55%) were females and eighteen (45%) were males. The mean
lipocalin (HNL) level among patients during exacerbation was 189.8+68.64 ng/ml; while in patients not in exacerbation
was 76.2+29.13 ng/ml and in healthy control group was 47.4+23.17 ng/ml. Serum HNL cut-off value was 84ng/ml. HNL
sensitivity was 87% and specificity was 90%.

Conclusion: Human neutrophil lipocalin can be used as a novel biomarker in detection of increasing neutrophilic
inflammation during exacerbation of pediatric chronic respiratory diseases.
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INTRODUCTION represents an increase in inflammation that is present in
o . . . stable state, with increased numbers of inflammatory cells
Pediatric chronic lung diseases may include any of the particularly neutrophils, cytokines, protein and proteases
following; bronchiectasis, interstitial pulmonary fibrosis, in the airways and blood.® Clinically, it can be suspected
bronchopulmonary —dysplasia, bronchiolitis obliterans, in patients with fever, increased cough, increased sputum
sequestrated lung disease and cystic fibrosis. They can be production over baseline, increased viscidity of sputum, a
primary or secondary. They can be congenital or foul odor of the sputum and less specific symptoms
acquired.(t2) Exacerbation of chronic pulmonary diseases include dyspnea, pleuritic chest pain, and wheezing.@
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Human neutrophil lipocalin (HNL) is a newly discovered
protein from human neutrophil secondary granules. It is
located in bone marrow cells as well as lung, bronchial
and colonic epithelial cell.® Its concentrations increase in
the sera of patients with acute bacterial infections, and it
appears to be more specific and sensitive in the distinction
between viral and bacterial infections.®) This newly
discovered protein HNL has been shown to distinguish
between chronic bacterial colonization or infection and
acute bacterial pulmonary exacerbation in cystic fibrosis,
with higher specificity and sensitivity than other
neutrophil markers such as myeloperoxidase or
lactoferrin.(

Aim of the work: The present study aimed at evaluating
serum human neutrophil lipocalin (HNL) as a novel
marker of ongoing neutrophilic inflammation in chronic
lung diseases.

PATIENTS AND METHOD

Study: This was an observational case-control study, that
was carried out during the period from October, 2007 till
May, 2009 at the Pediatric Chest clinic, Children's hospital;
Ain Sham University hospitals.

Subjects: Study included forty children with chronic
pulmonary diseases; their mean age was 6.7+2.88 years,
twenty two (55%) were females and eighteen (45%) were
males. Thirty were in exacerbation (group I). Acute
pulmonary exacerbation was defined as a significant
increase of C-reactive protein (CRP), increase of cough
and purulent sputum production, fever, new lung
infiltrates on chest radiography and deterioration of
oxygen saturation and of lung function.() Ten patients
were not fulfilling these criteria and were considered to be
in stable condition (group II). Another ten -age and sex
matched- healthy children without evidence of infection
were included as a healthy negative control group (group
III), (six males and four females with a mean age of
5.9+3.49 years).

Parental agreement was obtained in all cases and drawing
of blood was only performed in routine sampling for
clinical examination. The Pediatric Department Board
ethically approved the study.

Exclusion criteria: Patients who received antibiotic
treatment during the last 2 weeks, asthmatic patients and
tuberculous patients were excluded from the study.

Assessment of clinical conditions and routine laboratory
investigations

Patients were reviewed for demographic features and
clinical presentation (e.g. fever, difficulty of breathing,
cough and sputum amount, odor and color). Laboratory
investigations for active infection: complete blood picture
using coulter counter (T660), with total and differential

34

leukocytes count, erythrocyte sedimentation rate by
Westergren method and C-reactive protein (CRP) assayed
in batches, using a nephelometer analyzer (Behring
Diagnostics, Montreal, Quebec).

Assessment of serum human neutrophil lipocalin

Blood sampling, handling and storing were performed
according to the manufacturer's instructions. HNL, in
serum was analyzed by an enzyme-immunoassay
technique (Pharmacia CAP System HNL FEIA;
Pharmacia, Uppsala, Sweden). In brief, anti-HNL is
coupled to Immuno-CAP. Standards and samples are then
added and incubated at room temperature for 30 min.
After washing, b-galactosidase-conjugated anti-HNL is
added and incubated at room temperature for 2.5 h. After
washing, 4-methylumbelliferryl b-D-galactoside is added
to form a fluorescent product which can be detected after
10 min. The measuring range of this test is 20+600 mg.L-1.
The inter-assay coefficient of variation ranged 4.6+6 % for
HNL concentrations 53+462 mg.L-1.

Statistical analysis

Collected data entered to an IBM computer using SPSS
(Statistical Program for Social Science) version 15 to be
analyzed as follows: quantitative variables as mean (SD)
and range, qualitative variables as number and
percentage. Chi-Square test X2, ANOVA, Fisher exact test
and correlation coefficient test were performed. P values
less than or equal to 0.05 were considered statistically
significant. ROC curve was used to assess cut-off value,
specificity and sensitivity.

RESULTS

Study included forty children with chronic pulmonary
diseases, seven had cystic fibrosis (CF) (17.5%), fifteen
were non-CF bronchiectasis (37.5%), while eighteen were
diagnosed as interstitial lung disease (45%). Thirty were in
exacerbation (group I) and ten were in stable condition
(group II). Twenty two (55%) were females and eighteen
(45%) were males. Their mean age was 6.7+2.88 years. Ten
healthy children included as negative control (six males
and four females with a mean age of 5.9+3.49 years)
(group III).

Symptoms of exacerbation among group | (n=30) were;
increased cough in 100%, increased sputum production in
86.7%, whilst both fever and dyspnea represented 80%
Table 1. Laboratory investigations done for them showed
that total leucocytes count mean +SD was 16985.77 +5344
cells/106, of them neutrophils count mean +SD
represented 8888.6 +2237.35 cells/106. Erythrocyte
sedimentation rate first hour (ESR) ranged from 14 to 23
mm/hour. C-reactive protein (CRP) was more than 5
IU/liter in only 18 patients out of 30 (60%). The mean
level of serum lipocalin (HNL) among these patients in
exacerbation was 189.8+68.64 ng/ml.
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Data are presented as the median value and the quartile 1, quartile 3; range and individual values.

Fig 1. Serum human neutrophil lipocalin in acute pulmonary exacerbation
(Group 1) in comparison with patients in stable clinical condition (Group I1).
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Fig 2. ROC curve demonstrates sensitivity and specificity of lipocalin and
C-reactive protein (CRP) among studied patients (Groups | and 11, n=40).
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Table 1. Distribution of Exacerbation's Symptoms and Signs
among Patients in Group | (n=30).

Symptoms and Signs No. of patients %

Cough 30 100%
Increased sputum 26 86.7 %
Fever 24 80.0 %
Dyspnea 24 80.0 %
Wheezes 22 73.3%
Chest retraction 20 66.7 %
Diminished air entry 18 60.0 %
Crepitations 18 60.0 %
Chest deformity 10 33.3%
Clubbing 8 26.7 %

Table 2. Comparison of Mean Lipocalin level among group |
(n=30), group 11 (n=10) and group 11 (n=10).

Lipocalin level
Group | Group 11 Group 11 P

in ng/ml

189.87+68.6 0.000
76.2+29.13 47.4 £23.17
4 *

Mean £S.D.

*P: Highly significant.

Table 3. Correlation Between Lipocalin And CRP Among All
Patients (n=40).

Mean + SD R P

CRP (IUZL) 3.77+0.490
0.473 0.008*

Lipocalin (ng/ml) 138.64 £84.526

* Significant positive correlation.

In contrast to stable patients group (group Il, n=10) whose
negative CRP (< 5 IU/Liter) considered as an inclusion
criterion, erythrocyte sedimentation rate first hour (ESR)
ranged from 11 to 18 mm/hour and mean level of
lipocalin (HNL) was 76.2+29.13 ng/ml . As regards the
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healthy control (group I, n=10), mean level of lipocalin
(HNL) was 47.4+23.17 ng/ml. This showed a very highly
statistical significant difference among the three studied
groups (P<0.05) Table 2. (Fig. 1).

ROC curve (Fig. 2) showed that serum human neutrophil
lipocalin (HNL) cut-off value was 84 ng/ml. HNL
sensitivity was 87% and specificity was 90%, while C-
reactive protein (CRP) showed sensitivity 50% and
specificity 32% with a cut-off value of 5 IU/liter among
studied patients’ group ( groups | and 11, n=40).

Correlation coefficient test showed a positive correlation
between CRP and lipocalin in the studied patients' group
(n=40) p < 0.05 Table 3.

DISCUSSION

Chronic lung disease is a condition in which damaged
tissue in the lung causes breathing and health problems.®)
Warning signs of chronic lung diseases are shortness of
breath after little or no exertion, difficulty in drawing air
or breathing out, cough lasting more than a month,
regardless of the age, chronic sputum production lasting a
month or more, wheezing or noisy breathing and
coughing up blood.® Chronic inflammation causes lung
damage which, in turn, facilitates persistent infection.
Acute inflammation is an important host defense against
bronchial infection, but if it fails to clear the infection and
becomes chronic it can cause lung damage and lead to
disease

progression.(10-13)

Since pulmonary inflammation, neutrophil activity and
tissue destruction were found to directly correlate, a
sensitive and specific marker for the degree of pulmonary
inflammation, which can also be used as a therapeutic
monitoring tool, seems warranted. In addition, the
ongoing chronic inflammatory process within the lungs
makes it difficult to accurately diagnose an acute
pulmonary exacerbation.(? Recently, a new protein of the
secondary granules, human neutrophil lipocalin (HNL),
was discovered.(4) Further studies5.16) have shown that
HNL was secreted more readily from the neutrophils than
any other specific marker protein. Therefore, the present
study aimed at evaluating the diagnostic value of human
neutrophil lipocalin (HNL) as a novel inflammatory
marker for ongoing neutrophilic inflammation during
acute exacerbation of chronic lung diseases in children. It
included 30 children in exacerbation (group I) and 10
patients in stable condition (group II). Ten healthy
children age and sex matched were included as negative
control group (group IlI).

Patients' age (n=40) ranged between 1 year and 13 years
with mean age 6.7+2.88 years. Twenty two (55%) were
females and eighteen (45%) were males. Although the
mean age at presentation was of school age, children had

Egyptian Journal of Bronchology



been symptomatic since early childhood. This agreed with
both studies done by Karadag et al@?) and Ibrahim et al.@
In contrast, Eichler and coworkers( reported a median
age of 14.5 yrs (range 8+17 yrs) among children with
CF-bronchiectasis.

In previous studies,@819) pediatric bronchiectasis without
an identified cause accounted for between 26 and 63% of
all cases of non-CF pediatric bronchiectasis .In addition,
Ibrahim and coworkers@ reported 43% of studied children
with chronic lung diseases had non-CF bronchiectasis,
20% confirmed to be cystic fibrosis and 37% had
interstitial lung diseases . While current study included
fifteen children with non-CF bronchiectasis without
identified cause (37.5%) and seven with cystic fibrosis (CF)
(17.5%), while eighteen were diagnosed as interstitial lung
disease (45%).

Current results also disagreed with Ehrenkranz et al@0)
who found difference in clinical diagnoses of randomly
selected patients with chronic lung diseases (n=35); 45% of
cases were diagnosed as cystic fibrosis (CF), 30% with
non-CF bronchiectasis, and 25% with interstitial lung
disease and unresolved pneumonia. This may be
attributed to racial, environmental and genetic differences.
Moreover, we depended only on sweat chloride test to
survey for CF while other studies used both sweat
chloride test and genetic survey.

The present study showed that 100% of cases in
exacerbation were presented by cough followed by
increased sputum production (86.7%) and fever
(80%).Similar results were found by Barker) who studied
50 patient during exacerbation of chronic lung diseases
and demonstrated that a worsening of cough and an
increase in the volume and purulence of sputum are often
used as criteria for identifying exacerbations (90% of
cases) followed by fever, then other manifestations.

In agreement with several studies,(192223) present results
showed that erythrocyte sedimentation rate first hour
(ESR) ranged from 14 to 23 mm/hour in children with
exacerbation (n=30); of them only 60% of cases had
positive CRP (> 5 IU/Liter) while 40% had negative CRP.
On contrary, Silvestre et al (24) who studied prognostic
value of CRP in 40 septic adult patients with chronic
pulmonary diseases and found that 95% of them were
positive CRP while 5% had negative CRP which can be
attributed by different age category.

In agreement with both studies done by Wilson et al@5)
and Konstan et al,2 mild elevation of ESR first hour in
the stable group Il (n=10) was reported. This could be due
to continuous inflammatory process resulting in airway
injury and remodeling.(6)

In the present study, there were highly statistical
significant differences between mean values of lipocalin
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levels in the patients with chronic lung diseases in
exacerbation over patients not in exacerbation and control
healthy group (P=0.000). The mean lipocalin level in
group I was 189.8£68.64ng/ml, in group II was
76.2£29.13ng/ml and in group III was 47.4+23.17 ng/ml.
These data came in concordance with the studies done by
Eichler et al® and Metso et al.?)

The fact that CRP and blood neutrophil counts were taken
into account in the classification of children into
exacerbation or stable condition. Thus, the study was
biased towards CRP and/or blood neutrophils. It should
be emphasized that the purpose of the study was not that
of a diagnostic study with the intention of a head-to-head
comparison of HNL and CRP. A study on the diagnostic
sensitivity and specificity of any test requires the
identification of a gold standard that enables the accurate
diagnosis of both positive and negative cases.(”

However, study found a significant positive correlation
between CRP and serum lipocalin. That comes in
agreement with study of Fjaertoft et al;® but they reported
that differences in the kinetics of CRP and HNL make
HNL a better marker for ongoing infection and the
additional diagnostic power of HNL over neutrophil
counts is likely to be a result of the active secretion of
HNL from the activated neutrophils.

The study showed that the cut-off value of serum lipocalin
level was 84ng/ml which was similar to the study done by
Eichler et al® who found that the cut-off value of lipocalin
level was 86.4ng/ml. In contrary, the study done by
Fjaertoft et al® who reported that the cut-off limits for
HNL was 155 ng/ml but they selected studied patients all
with age above 9 years. Moreover, the present study
revealed that sensitivity of lipocalin (HNL) was 87% and
its specificity was 90%; while C-reactive protein (CRP)
showed a sensitivity of 50% and a specificity of 32%.

In concordance, Seveus et al@® who found that sensitivity
of lipocalin was 100%, its specificity was 90% while
sensitivity of CRP was 66% and specificity 78%.
Moreover, Fjaertoft et al® concluded in their study that
HNL is a promising diagnostic tool in the distinction of
acute infections caused by bacteria or virus. The
differences in the kinetics of CRP and HNL make HNL a
better marker for monitoring antibacterial treatment, since
HNL is probably elevated only when an active bacterial
infection is at hand.®)

Current study was limited in having no definite gold
standard for comparison. However, in clinical studies, this
gold standard is usually not available, and diagnosis of
positive and negative cases is therefore often based on the
“next best thing”, i.e. the judgment of skilled and
unbiased clinicians based on clinical and laboratory data.
The accurate diagnosis of exacerbation in chronic lung
illness is no exception to these difficulties.(

37



CONCLUSION

Pulmonary inflammation, neutrophil activity and tissue
destruction were found to directly correlate, a sensitive
and specific marker for the degree of pulmonary
inflammation seems warranted. In addition, the ongoing
chronic inflammatory process within the lungs makes it
difficult to accurately diagnose an acute pulmonary
exacerbation so clinical assessment is not enough. Thus
human neutrophil lipocalin (HNL) can be a new sensitive
marker of exacerbation and increased neutrophilic
inflammation in children with chronic respiratory
diseases. However, more studies are needed to evaluate its
prognostic value and its role in follow up therapeutic tools
among this category of diseased children. Further studies
to assess serum HNL in relation to sex and age are also
needed.

ACKNOWLEDGEMENTS

In the collection and administration of blood samples, the
assistance of Children's hospital, Ain Sham University
hospitals' nurses have been invaluable.

REFERENCES

1. Sanata MA, Matos E, Socorro F. Prevalence of pathogens in
cystic fibrosis patients in Bahia, Brazil. Braz. J Infect Dis.
2003;7:69-72.

2. Ibrahim HM, Kamel TB, Abdel-Salam NMS, Abu-Ataa SR.
Study of Auditory Function in Children with Chronic Lung

Diseases. International Journal of Pediatric
Otorhinolaryngology. 2011;75:39-42.
3. Celli BR, Barnes PJ. Exacerbations of

chronic obstructive pulmonary disease. Eur Respir J.
2007;29:1224-38.

4. King P, Holdsworth S, Freezer N. Bronchiectasis. Intern Med
J. 2006;36:729-37.

5. Carlson M, Raab Y, Seveus L, Xu S, Hallgren R, Venge P.
Human neutrophil lipocalin is a unique marker of
neutrophil inflammation in ulcerative colitis and procititis.
Gut. 2002;50:501-6.

6. Fjaertoft G, Foucard T, Xu S, Venge P. Human neutrophil
lipocalin (HNL) as a diagnostic tool in children
with acute infections: a study of kinetics. Acta Paediatr.
2005;94:661-6.

7. Eichler I, Nilsson M, Rath R, Enander I, Venge P, Koller DY.
Human neutrophil lipocalin, a highly specific marker for
acute exacerbation in cystic fibrosis. Eur Respir J.
1999;14:1145-9.

38

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu
L, et al. The Nature of Small-Airway Obstruction in Chronic
Pulmonary Disease. New England Journal of Medicine.
2007;350:2645-53.

Hjalmarson O, Sandberg KL. Lung function at term reflects
severity of bronchopulmonary dysplasia. J Pediatr.
2005;146:86-90.

Cole PJ. Bronchiectasis. In: Brewis RAL, Corrin B, Geddes
DM, Gibson GJ, editors. Respiratory Medicine, 2nd Edition,
Vol. 2. London, W.B. Saunders Co. 1995:1286-316.

Cole PJ. Inflammation: a two-edged sword - the model of
bronchiectasis. Eur J Respir Dis. 1986;69:6-15.

Cole PJ, Wilson R. Host-microbial interrelationships in
respiratory infection. Chest. 1989;95:217-21.

Weiss SJ. Tissue destruction by neutrophils. N Engl J Med.
1989;320:365-75.

Triebel S, BlaEser J, Reineke H, Tschesche H. A 25 kDa beta2-
microglobulin-related protein is a component of the 125 kDa
form of human gelatinase. Fed Eur Biochem Soc Let.
1992;314:386-8.

Xu SY, Pauksen K, Venge P. Serum measurement of human
neutrophil lipocalin (HNL) discriminates between acute
bacteria and viral infections. Scan J Clin Lab Invest.
1995;55:125-31.

Xu SY, Calson M, EngstroEm A, Garcia R, Peterson CGB |,
Venge P. Purification and characterization of a human
neutrophil lipocalin (HNL) from the secondary granules of
human neutrophils. Scan J Clin Lab Invest. 1994;54:365-76.

Karadag B, Karakoc F, Ersu R,Kut A, Bakac S , Dagli E. Non-
Cystic-Fibrosis Bronchiectasis in Children: A Persisting
Problem in Developing Countries. Respiration. 2005;72:233-
8.

Guran T, Ersu R, Karadag B, Akpinar IN, Demirel GY, Hekim
N ,Dagli E. Association between inflammatory markers in
induced sputum and clinical characteristics in children with
non-cystic fibrosis bronchiectasis. Pediatr Pulmonol.
2007;42:362-9.

Li AM, Sonnappa S, Lex C, Wong E, Zacharasiewicz A, Bush
A and Jaffe A. Non-CF bronchiectasis: does knowing the
aetiology lead to changes in management? Eur Respir J.
2005;26:8-14.

Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH, Wright LL,
Fanaroff AA, Wrage LA ,Poole K. Validation of the National
Institutes  of  Health Consensus Definition of
Bronchopulmonary Dysplasia. Pediatrics. 2005;116:1353-60.

Barker AF .Variability in the use of supplemental oxygen for

bronchopulmonary dysplasia. The New England journal of
medicine. 2002;346:1383-93.

Egyptian Journal of Bronchology



22.

23.

24.

25.

Martin TM, Liapur CJ, Williams TH, Coates C, Gunderman R,
Cohen MD, Howenstine MS, Saba O, Coxson HO ,Tepper RS

High-Resolution Computed Tomography Imaging of
Airway Disease in Infants with Cystic Fibrosis. American
Journal of Respiratory and Critical Care Medicine.
2005;172:1133-8.

Smith RP, Lipworth BJ, Cree IA, Spiers EM, Winter JH. C-
reactive protein. A clinical marker in community acquired
pneumonia. Chest. 1995;108:1288-91.

Silvestre J, Povoa P, Coelho L, Almeida P, Fernandes R,
Sabino MH. Is C-reactive protein a good prognostic marker
in septic patients with chronic pulmonary diseases?
Intensive Care Med. 2009;35:909-13.

Wilson CB, Jones PW, O'Leary CJ, Hansell DM, Dowling RB,
Cole PJ , Wilson R. Systemic markers of inflammation in
stable bronchiectasis. Eur Respir J. 1998;12:820-24.

EJB, Vol. 5, No 1, June, 2011

26.

27.

28.

Konstan MW, Hilliard KA, Norvell TM, Berger M.
Bronchoalveolar lavage findings in cystic fibrosis patients
with stable, clinically mild lung disease suggest ongoing
infection and inflammation. Am J Respir Crit Care Med.
1994;150:448-54.

Metso T, Hahtela T , Sevéus L .ldentification of intracellular
markers in serum and bronchoalveolar lavage samples in
patients with respiratory disorders and healthy persons.
Respir Med. 2002;96:918-26.

Seveus L, Amin K, Peterson CG, Stuart D, Robert J, Jane L.
Human neutrophil lipocalin (HNL) is a specific granule
constituent of the neutrophil granulocyte. Studies in
bronchial  and lung  parenchymal  tissues and
peripheral blood cells. Histochemistry and Cell Biology.
2001;107:423-32.

39



