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NEUTROPHILIC CELLS IN SPUTUM OF ALLERGIC ASTHMATIC CHILDREN
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Airway inflammation is regarded as a central feature of asthma andis mostly sustained by eosinophilic
infiltrate. Recent studies have shown that a co-activation of eosinophil- and neutrophil-dependent
inflammatory mechanisms might explain why some asthmatics do not respond to conventional asthma
therapy. The aim of our study is to determine whether neutrophilic inflammation was involved in
55 allergic children with mild-moderate persistent asthma and the relationship with the response to
steroid treatment. Before the sputum analysis, all children underwent spirometry with the reversibility
test, and were divided into two groups on/the basis of the response (such as >12% of baseline FEV1):
group 1 positive and group 2 negative. Eosinophil cationic protein concentrations were measured by
radioimmunoassay and neutrophyl myeloperoxidase (MPO) concentrations were measured by an
MPO-EIA. Ten healthy children of comparable ages served as control group. Total IgE, FEV1 and FEV/
FVC values were similar in both groups. The sputum macrophage count was higher in controls than
in allergic asthmatics, but there was no difference between groups 1 and 2 (59.6% vs 18.3% and 17%;
p< 0.005). Sputum neutrophils were significantly higher in group 2 both vs controls (62% vs 34%; p<
0.005) and vs group 1 (62% vs 37%; p= 0.005). Our data suggest that neutrophils are involved in airway
allergic inflammation in mild-moderate persistent childhood asthma and a high neutrophil count in
sputum may be related to a lower responsiveness to inhaled corticosteroids.

Airway. inflammation is considered a central
feature of asthma and is mostly sustained by
eosinophilic cells which infiltrate bronchial tissue
(1). However, there is evidence that not all asthma
cases are attributable to allergic inflammation, and
other mechanisms may be involved in pathogenesis
of the disease, including neutrophilic infiltrate (2).
Furthermore, non-eosinophilic asthma is associated
with neutrophilic responses not only in severe
asthmatics (3-4), butalso in individuals with moderate

and mild asthma (5-7). Co-activation of eosinophil
and neutrophil inflammatory mechanisms, observed
in some cases of acute asthma (8), might explain
why some asthmatics do not respond to conventional
asthma therapy (2). Recent studies showed that
airway inflammation in asthma could be categorized
in different inflammatory subtypes based on the
percentage of eosinophils and neutrophils infiltrating
the bronchial wall (9). Thus, it has been reported
that neutrophilic inflammation could be resistant
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to corticosteroid treatment, whereas eosinophilic
inflammation could be sensitive to steroids (3, 10).

The aim of our study is to investigate how
neutrophilic inflammation is involved in allergic
airway inflammation. To this aim we measured
inflammatory cells and mediators in induced sputum
of allergic children with mild-moderate persistent
asthma previously treated with inhaled steroids. In
addition, the relationship between the inflammatory
pattern and the response to steroid treatment was
investigated.

MATERIALS AND METHODS

Patients and study design

Seventy-six allergic children, aged 6-10 years,
with mild-moderate persistent bronchial asthma were
progressively selected (1). All patients were well-matched
for age, severity of asthma, and previous corticosteroids
dosages. None of them had respiratory infections in
the month before the study and all were clinically well-
controlled after three months of inhaled steroid therapy
(budesonide 200 mcg/b.i.d.); which was stopped two weeks
before the sputum analysis. Before the sputum analysis, all
the children were submitted to spirometry, including the
reversibility test (see Methods below). A satisfactory sputum
analysis and spirometry performance were not possible for
21 children; therefore, 55 children (35 males) were enrolled
in the study. The children were divided into two groups on
the basis of the response to reversibility test: an increase in
baseline FEV1 values < 12%, such as anegative response,
characterized group 1 (34 children), whereas an increase
over 12% characterized group 2 (21 children). Atopy
was assessed by the skin prick test and RAST positivity
(Pharmacia, Sweden) for the most common allergens. All
children were sensitized (II-III classes) to house-dust mite
and/or grass pollen. Ten non-atopic, non-asthmatic children
of comparable ages served as control group.

Spirometry and reversibility tests

A dry spirometer (Sensor Medics, Vmax 22) was
used for spirometry, conducted according to American
Thoracic Society guidelines, and the best FEV1 of three
manoeuvres was recorded and expressed as a percentage
of predicted values. No child had used 2 agonist in the
previous 24 hours. The reversibility test requires a FEV1
increase of more than 12% compared with baseline values,
15 min after inhalation of 200 pg albuterol delivered by
metered dose inhaler.

Sputum induction and processing
Sputum was induced using the method described

by Iredale et al. (7). The children inhaled 3.5% saline
solution at room temperature, nebulized by an ultrasonic
nebulizer at maximal saline output (4 ml). The total period
of sputum induction was 15 min. The initial sample from
the first cough was discharged. Sputum was kept at 4°C
and processed within 2 h. The sample was homogenized
with a balanced salt solution containing 1% dithiothreitol
(DTT). The final concentration of DTT in all samples
was 0.2%. The mixture was centrifuged at 400 g for 10
min at 4°C. Sputum supernatants were kept-at —70°C for
mediator assays. The cell pellets were-re-suspended, and
total cell counts were performed with a haemocytometer
using Kimura stain. Slides were prepared with cytospin
and stained with Papanicolau for differential cell count,
which was performed by an expert observer, blind to
the clinical characteristics of the subjects. At least 500
inflammatory /cells were counted in each sample. A
sample was considered adequate if it contained less than
50% of squamous epithelial cells on cytospin.

Mediator assays

Eosinophyl cationic protein (ECP) concentrations
were measured by radioimmunoassay (Pharmacia,
Uppsala, Sweden). The detection limit of the assay
was <2 ‘ng/ml. Neutrophil myeloperoxidase (MPO)
concentrations were measured by an MPO-EIA (Oxis
International, Inc., Portland, OR, USA) according to the
manufacturer’s instructions. The detection limit of assay
was <1.6 ng/ml

Statistical analysis

Data are expressed as median (25°-75° percentile).
The Wilcoxon test was used to compare the groups.
Analysis of correlation was conducted with the Spearman
rank correlation test and a p value less than 0.05 was
considered significant.

RESULTS

Total IgE values, FEV1 and FEV/FVC were
similar in groups 1 and 2 (Table I). However, there
was a significant difference concerning the response
degree to the bronchodilation testing (p<.005).

As shown in Fig. 1, the sputum macrophage
count was higher in the control group than in allergic
asthmatics, but there was no difference between the
two patient groups (60% vs 18% and 18%; p<<0.005).
Sputum eosinophil and lymphocyte counts were
significantly higher in asthmatic children than in
controls (eosinophils: 13% vs 4% vs 0.05% p<
0.005; lymphocytes: 4% vs 3% vs 0% p< 0.005) but
not significantly in group 1 versus group 2. Sputum
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Fig. 1. Sputum characteristics:: ECP-levels, eosinophil counts, macrophagecounts, lymphocyte counts, neutrophil counts,
and MPO levels in Group I (children with), Group 2 (children without reversibility to bronchodilation test) and controls

(healthy children):

neutrophils were significantly higher both in.group 2
asthmatics versus group 1 and versus controls (62%
vs 37% vs 34%; p< 0.005). Both ECP and MPO
levels in induced sputa were significantly higher in
the asthmatic children than in controls, but the levels
were significantly higher in group 2 versus group 1
asthmatics (ECP: 191 vs 38.4; p< 0.005. MPO: 19.3
vs 4.6; p< 0.005). There was a significant correlation
between/ECP and MPO only in group 2 (Table II);
similarly, there was a correlation between airway
reversibility and ECP or MPO only in group 2 (Table
II). There was no correlation between ECP and the
proportion of sputum inflammatory cells in group
1. On the contrary, ECP levels correlated with the
proportion of neutrophils in group 2. As expected,
the proportion of neutrophils correlated with MPO
levels in both groups of asthmatics (Table II).

DISCUSSION

This study suggests that neutrophils may be
involved in airway inflammation in children with
allergic asthma. The pathogenic mechanism of

neutrophil recruitment in the airways is not well
understood. It has not been clarified whether
neutrophils are the main part of the inflammatory
process or whether they may be secondary to high
doses of inhaled corticosteroids (12), which are
able to prolong neutrophil survival (13) and reduce
eosinophil survival thus inhibiting apoptosis (14).
Innate immune activation seems to be an important
pro-inflammatory mechanism in neutrophilic asthma
(15). Some authors reported that subjects with
neutrophilic asthma were older, had a later onset
of disease, and were less allergic than subjects
with normal levels of neutrophils (16). Several
inflammatory markers have been thought to be
associated with non-eosinophilic inflammation in
asthma (17). The most widely investigated is IL-8,
a potent neutrophil chemoattractant and activator,
which seems to be correlated with the sputum
neutrophil counts in asthmatic patients (12, 18).

In our study, the presence of neutrophils in sputa
was not a consequence of inhaled corticosteroid
treatment. Probably, non-allergic neutrophilic
asthma, which is poorly responsive to inhaled
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Table 1. Characteristics of patients.

Patients n.

Males n.

Total IgE (U/1)
FEV1 %predicted
FEV/FVC

Airway reversibility %

Group 1 Group 2
34 21
21 14

300 (122-460)

260 (181-615)

96 (91-105) 89 (83-100)
95 (92-104) o1 (88-93)
5(2-8) 15 (15-20) P<.005

Values are expressed as median (25°-75° percentile)

Table I1. Correlations between mediators and cell types

in sputum.
Group 1 Group 2
Z corrected Z corrected
for ties for ties

ECP vs MPO 1.136 2.621%
ECP vs airway reversibility . - 0.292 -2.236%
MPO vs airway reversibility - 1.23 - 3.092%
ECP vs eosinophils%o 1.048 1.034
ECP vs macrophages % - 0.059 -0188
ECP vs neutrophils % -0.157 2.297*
ECP vs lymphocytes% -0.394 1.477
MPO vs eosinophils% -0.97 0.369
MPO vs macrophages % - 1.963 1.406
MPO vs neutrophils % 2.651* 3.031*
MPO vs lymphocytes% -0.383 1.896
*p<.005

corticosteroids, is another different phenotype
setting (in terms of cell counts and response to
steroids) (19).

We found no significant statistical difference
between group 1 and group 2 in the FEV1 and
FEV1/FVC percentage predicted. Moreover, we
found no correlation between sputum eosinophil and
neutrophil count and FEV1 values, in accordance
with other authors (16).

These functional and cytological findings may
indicate that group 2 children have a neutrophilic

inflammation and negative reversibility test“as a
possible consequence of a poor response to inhaled
corticosteroids. This finding is consistent with a study
of Pavord et al. (20) who found that non-eosinophilic
asthma is associated with a poor response to inhaled
steroid, suggesting that sputum eosinophil count is
an important factor in determining the response to
inhaled'steroid in asthma.

There was also a significant correlation between
sputum ECP and MPO levels and between ECP
levels and neutrophil counts in group 2 children.
As suggested by others (21), the increase in the
number of bronchial neutrophils, ECP and MPO
may be mediated by increased levels of the potent
chemokine IL-8. In fact, Gibson et al. (18) showed
that levels of IL-8 correlated with ECP and MPO
in sputum super-natants, which is consistent with
a role for IL-8 as a degranulating agent for both
eosinophils and neutrophils.

Very interestingly, high levels of sputum ECP
were observed in non-eosinophilic asthma. However,
increased ECP has been seen in the absence of
cosinophils in other neutrophil-mediated airway
disease, such as bronchiectasias (22), suggesting that
neutrophils may contain ECP (23-24). Furthermore,
neutrophils from atopic asthmatics have an increased
propensity to release MPO, which may be modified
by immunotherapy (25).

Why neutrophilic inflammation determines a poor
response to corticosteroid therapy is not completely
known; most likely other inflammatory processes
occur in the airways. However, neutrophil products
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could cause airway narrowing, increased mucus
secretion (26), and increased airway smooth-muscle
responsiveness (27). More in-depth investigation
into inflammatory processes and effective treatment
strategies in neutrophilic inflammation in asthma are
certainly required.

In conclusion, our results suggest that neutrophilic
infiltrate could represent a primary pathological
process in asthmatic inflammation and that the
neutrophilic share of bronchial inflammation may
be related to a reduced responsiveness to inhaled
corticosteroids in allergic asthmatic children.

REFERENCES

1. Bateman ED, Hurd SS, Barnes PJ, et al. Global
strategy for asthma management and prevention:
GINA executive summary. Eur Respir J 2008;31:
143-78._

2. Payne DN, Wilson NM, James A, et al. Evidence for
different subgroups of difficult asthma in children.
Thorax 2001; 56:345-50.

3. Jatakanon A, Uasuf C, Maziak W et al. Neutrophilic
inflammation in severe persistent asthma. Am J Crit
Care Med.1999; 160:1532-39.

4. Kikuchi S, Nagata. M, Kikuchi I, Hagiwara K,
Kanazawa M. Association between neutrophilic and
eosinophilic inflammation in patients with severe
persistent asthma. Int Arch Allergy Immunol 2005;
137(S)1:7-11.

5. Gibson . PG, Wlodarczyk JW, Hensley MJ,
et ‘al. Epidemiological association of airway
inflammation with asthma symptoms and airway
hyperresponsiveness in childhood. Am J Crit Care
Med 1998; 158:36-41.

6. Gibson PG, Simpson JL, Chalmers AC, et al
Airway eosinophilia is associated with wheeze but
is uncommon in children with persistent cough and
frequent chest colds. Am J Crit Care Med 2001; 164:
977-81.

7. Douwes J, Gibson P, Pekkanen J, Pearce N. Non-
eosinophilic asthma: importance and possible
mechanisms. Thorax 2002; 57:643-8.

8. Gibson PG, Norzila MZ, Fakes K, et al. Pattern of
airway inflammation and its determinants in children
with acute severe asthma. Pediatr Pulmunol 1999;
28:261-70.

10.

11.

12.

13.

14.

15.

16.

17.

18.

155

Simpson JL, Scott R, Boyle MIJ, Gibson PG.
Inflammatory subtypes in asthma: assessment and
identification using induced sputum. Respirology
2006; 11:54-61.

Lex C, Jenkins G, Wilson NM, Zacharasiewicz
A, Erin E, Hansel TT, Bush A, Payne DN. Does
sputum eosinophilia predict the response to systemic
corticosteroids in children with difficult asthma?
Pediatr Pulmonol 2007; 42:298-303.

Iredale MJ, Wanklyn SA, Philips IP, et al. Non-invasive
assessment of bronchial inflammation in asthma: no
correlation between eosinophilia in induced sputum
and bronchial responsiveness to inhaled hypertonc
saline. Clin Exp Allergy 1994; 24:940-5.

Shannon J, Ernst P, Yamauchi Y, et al. Differences in
airway cytokine profile in severe asthma compared
to moderate asthma. Chest 2008; 133:420-6.

Cox G. Glucocorticoid treatment inhibits apoptosis
in human neutrophils: separation of survival and
activation outcomes. J Immunol 1995; 154:4719-25.
Woolley KL, Gibson PG, Carty K et al. Eosinophil
apoptosis and the resolution of airway inflammation
in asthma. Am J Crit Care Med 1996; 154:237-43.
Simpson JL, Grissell TV, Douwes J, Scott RJ,
Boyle MJ, Gibson PG. Innate immune activation
in neutrophilic asthma and bronchiectasis. Thorax
2007; 62:211-8

Green RH, Brightling CE, Woltmann G, Parker
D, Wardlaw AJ, Pavord ID. Analysis of induced
sputum in adults with asthma: identification of
subgroup with isolated sputum neutrophilia and poor
response to inhaled corticosteroids. Thorax 2002; 57:
875-9

Beeh KM, Kornmann O, Buhl R, Culpitt SV,
Giembycz MA, Barnes PJ. Neutrophil chemotactic
activity of sputum from patients with COPD: role of
interleukin 8 and leukotriene B4. Chest 2003; 123:
1240-7

Gibson PG, Simpson JL, Saltos N. Heterogeneity of
airway inflammation in persistent asthma: evidence
of neutrophilic inflammation and increased sputum
interleukin-8. Chest 2001; 119:1329-36.

Green RH, Brightling CE, Mckenna S, et al. Reduced
asthma exacerbations with a management strategy
directed at normalising the sputum eosinophil
count. A randomised comparison with traditional



156

20.

21.

22.

23.

M. MIRAGLIA ET AL.

management. Am J Crit Care Med 2002; 165:A320
Pavord ID, Ward R, Woltmann G, Wardlaw AJ,
Sheller JR, Dworski R. Induced sputum eicosanoid
concentrations in asthma. Am J Respir Crit Care Med
1999; 160:1905-9.

Basyigit I, Yildiz F, Ozkara SK, Boyaci H, Ilgazli A.
Inhaled corticosteroid affects both eosinophilic and
non-eosinophilic inflammation in asthmatic patients.
Mediators Inflamm 2004; 13:285-91.

Goodman ER, Kleinstein E, Fusco AM, Quinlan
DP, Lavery R, Livingston DH, Deitch EA, Hauser
CJ. Role of interleukin 8 in the genesis of acute
respiratory distress syndrome through an effect on
neutrophil apoptosis. Arch Surg 1998; 133:1234-9.
Sur S, Glitz DG, Kita H, et al. Localization of
eosinophil-derived and

neurotoxin eosinophil

cationic protein in neutrophilic leukocytes. J Leukoc

24,

25.

26.

27.

Biol 1998; 63:715-22.

Leigh R, Belda G, Kelly MM, et al. Eosinophil
cationic protein relates to sputum neutrophil counts
in healthy subjects. J Allergy Clin Immunol 2000;
106:593-4.

Monteserin J, Bonilla I, Carnacho J, et al. Elevated
secretin of myeloperoxidase by neutrophils from
asthmatic patients: The effect of immunotherapy. J
Allergy Clin Immunol 2001; 107:623-6.

Hiemstra PS, van Wetering S, Stolk J. Neutrophil
serine proteinases and defensins " in chronic
obstructive pulmonary disease: effects on pulmonary
epithelium. Eur Respir J 1998; 12:1200-08.
Anticevich SZ, Hughes JM, Black JL, Armour CL.
Induction of hyperresponsiveness in human airway
tissue by neutrophils - mechanism of action..Clin

Exp Allergy 1996; 26:549-56.



