
Exhaled nitric oxide, serum ECP and airway responsiveness in
mild asthmatic children

G.L. Piacentini#, A. Bodini#, S. Costella*, Y. Suzuki#, L. Zerman#, C.G.B. Peterson**, A.L. Boner#

Exhaled nitric oxide, serum ECP and airway responsiveness in mild asthmatic children
treated or untreated with inhaled steroids. G.L. Piacentini, A. Bodini, S. Costella, Y. Suzuki,
L. Zerman, C.G.B. Peterson, A.L. Boner. ERS Journals Ltd 2000.
ABSTRACT: The purpose of the present study was to assess the possible relationships
between exhaled nitric oxide (ENO), a circulating marker of eosinophil activation,
serum eosinophil cationic protein (SECP), level of airway responsiveness to metha-
choline and lung function in asthmatic children, as well as to compare these markers
between children with and without inhaled steroid therapy.

In a cross-sectional study ENO, SECP and bronchial hyperresponsiveness to
methacholine were evaluated in a group of 57 asthmatic children (21 without and 36
with regulator inhaled steroid therapy; aged 6±13 yrs).

ENO was significantly lower in steroid treated children (p<0.01). No significant
differences between steroid treated and untreated children were observed for the
provocative concentration of methacholine causing a 20% faill in forced expiratory
volume in one second (FEV1; PC20), SECP and FEV1. In the whole study population
significant increase correlations were observed between PC20 and SECP (r=-0.329,
p=0.013) and between ENO and FEV1% of predicted (r=-0.348, p<0.01). In the group
not receiving inhaled steroids the inverse relationship between PC20 and SECP was
more evident (r=-0.581, p<0.001). In the steroid-treated group a significant inverse
relationship was observed between ENO and FEV1 (r=-0.426, p=0.0011).

The level of exhaled nitric oxide and the relationships between lung function,
bronchial reactivity and markers of inflammation are different between steroid-
treated and untreated asthmatic children. This has implications for the monitoring of
asthma in childhood.
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The relationship between airway inflammation and air-
way responsiveness has been evaluated by different groups
with contrasting results. Some authors [1±6] have found a
strong relationship between inflammatory cells in the air-
way and the level of bronchial responsiveness while others
failed to find such a correlation [7±11].

Similarly, contrasting results have been found between
serum markers of eosinophil activation, in particular serum
eosinophil cationic protein (SECP), and the degree of bron-
chial responsiveness in asthmatic patients [12±15].

Recently, the measurement of exhaled nitric oxide (ENO)
has been proposed as a noninvasive means for assessing the
degree of airway inflammation [16±18]. Some studies have
evaluated the effect of treatment with inhaled steroids on
the levels of ENO in asthmatic adults [19, 20] and one
study in children with acute asthma [21]. Furthermore, a
few studies have evaluated the relationship of this para-
meter with the level of airway hyperresponsiveness with
contrasting results [22±25].

The purpose of the present study was to assess the
possible relationship between ENO, a circulating marker of
eosinophil activation SECP, level of bronchial hyperre-
sponsiveness (BHR) to methacholine and lung function in
asthmatic children, as well as to compare these markers
between patients with and without inhaled steroid treat-
ment.

Material and methods

Subjects and study design

Fifty-seven children with mild to moderate asthma, clin-
ically stable, ranging 6±13 yrs of age, were recruited at the
residential house "Istituto Pio XII" (Misurina, BL, Italy),
located at an altitude of 1,756 m in the Italian Alps. All of
the children were skin-prick test positive to inhaled aller-
gens. Fifty-four were sensitized to, at least, house dust
mite, and 41 of them were also positive to pollens, molds
or furred pets. Three patients were not positive to house
dust mite, but they were sensitized to pollens (one patient),
molds (one patient) or pollens, molds and furred pets (one
patient).

Twenty-one patients were not receiving any regular ther-
apy for asthma, except b2-agonists as needed, whereas 36
children were under regular treatment with inhaled steroids
for at least 6 months. The dosage range for inhaled steroids
was Beclomethasone 200±400 mg.day-1 and Fluticasone
100±200 mg.day-1. Inhaled b2-agonists were not allowed
for at least 12 h before entry into the study.

None of the patients had respiratory tract infections for
at least 1 month before the beginning of the study. All of
them had to present a fall in forced expiratory volume in
one second (FEV1) >20% after methacholine bronchial
provocation (see method below).
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The study was approved by the Istituto Pio XII Ethics
Committee, and both the children and their parents gave
their consent to entering the trial. This was a cross-sectional
study. ENO, SECP, spirometric values and the level of
BHR to inhaled methacholine were measured.

Lung function and methacholine provocation test

FEV1 was measured by a dry spirometer (Compact Vita-
lograph, Buckingham, Buckinghamshire, UK). The best of
three manoeuvres was recorded and actual values as well
as percentage of predicted values were considered.

BHR was evaluated by methacholine bronchial provo-
cation [26±28] performed by a MeFar dosimeter (MeFar,
Brescia, Italy) [26]. The provocative concentration of
methacholine required to produce a FEV1 fall of 20%
(PC20 mg.mL-1) was calculated [28].

Nitric oxide measurement

Exhaled NO was measured by a chemiluminescence
analyser (LR 2149; Logan, Rochester, Kent, UK) [29, 30].
Briefly, the subjects were asked to perform a single slow
exhalation through a mouthpiece, against a resistance and
with a biofeedback used to maintain a steady controlled
flow. This method allows the separation of the nasophar-
ynx from the oropharynx by the soft palate, therefore pre-
venting the contamination of ENO with nasal nitric oxide
(NO). This method has been shown to be successfully
applicable both in adults and in children. NO value was
measured at the plateau of the end-exhaled reading and
expressed in parts per billion according to guidelines [31].
Values of NO considered in the data analysis were always
measured in the last part of exhalation (plateau exhaled
NO), taking the plateau of the end-exhaled carbon diox-
ide reading as representative of an alveolar sample [20,
30±34].

Serum eosinophil cotionic protein

SECP was measured by means of a Pharmacia CAP
System1 (ECP FEIA; Pharmacia & Upjohn, Uppsala,
Sweden) according to the manufacturers' instructions. Sam-
ples were analysed in duplicate. The inter- and intra-assay
coefficient of variation were <5% and the detection limit
was 0.5 mg.L-1. Serum was obtained after allowing venous
blood toclot for 60 min at 20C, followed by ic centri-
fugation at 48C and 1,6006g.

Statistical analysis

Data are expressed both as mean�SD and as median,
lower and upper quartile (Q1, Q3). PC20 values were log-
transformed before performing statistical analysis. In those
patients in whom a fall in FEV1 of >20% from baseline
was observed after saline, PC20 was considered 0. In order
to include these patients in the statistical analysis, starting
the log PC20 scale 0, +1 was added to all PC20 values
before log-transformation [35].

Differences in the evaluated parameters between steroid-
treated or untreated patients were evaluated by Mann-
Whitney U-test. Correlations between the levels of BHR
and NO measurements at baseline were tested by Spear-
man correlation test with r- and p-values corrected for ties.

Results

The median values of the various parameters for the
whole study population are shown in figure 1. Significant
inverse correlations were observed between PC20 and
SECP (r=-0.329, p=0.013) (fig. 2a) and between ENO
and FEV1% predicted (r=-0.348, p<0.01) (fig. 2b).

Significant differences between children not receiving
steroid treatment versus steroid-treated children were obs-
erved only for ENO levels which were higher in the former
(p=0.0024). In contrast, no significant differences between
the groups were observed for PC20, SECP and FEV1%
(fig. 1).

In the group not receiving inhaled steroids the inverse
relationship between PC20 and SECP (r=-0.581, p<0.001)
was confirmed (fig. 3). No other significant correlation
was observed. In the steroid-treated group the only signi-
ficant relationship was that observed between ENO and
FEV1 (r=-0.426, p=0.0011; fig. 4).
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Fig. 1. ± Median values (with range) for methacholine: a) provocative
concentration causing a 20% fall in forced expiratory volume in one
second (FEV1; PC20); b) exhaled nitric oxide (ENO); serum eosinophil
cationic protein (SECP) and d) (FEV1). h: all subjects; p: no inhaled
steroids; r: inhaled steroids. The ranges of PC20 values were h: 0.59±
3.75; p: 0.89±3.81; r: 0.53±3.50. The ranges of ENO values were: h:
7.0±18.1; p: 11.5±18.8; r: 5.9±15.3. The ranges of FEV1 were: h:
89.5±105.7; p: 86.7±105; r: 84.3±108.5. The ranges of SECP were:
h: 14.6±32.3; p: 16.4±29.8; r: 14.3±32.9.
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Discussion

This study examined the relationships between lung
function, BHR, ENO and SECP in clinically stable chil-
dren with mild-to-moderate asthma treated or untreated
with inhaled steroids and resident in an environment free of
offending allergens.

Considering all subjects together, significant inverse cor-
relations were observed as expected both between PC20,
FEV1, peak expiratory flow and SECP as well as between
ENO and FEV1. However, these relationships were differ-
ently expressed when the study population was divided into
steroid-treated and untreated subjects, thus suggesting that
the effect of inhaled steroids is particularly effective on ENO
levels.

The correlation between SECP and BHR is in agreement
with previous findings [5, 36, 37]. This concordance may
reflect a degree of predisposition for eosinophils to be acti-
vated, possibly related to the level of BHR [4, 5, 36, 37]. In
this study, in spite of a significant relationship in the whole
group of subjects, the best concordance was found in the
steroid-untreated children. In contrast, when the steroid-
treated patients were analysed separately, this concordance
was definitely lost (table 1). The lack of a significant rela-
tionship observed in the children receiving inhaled steroids

may suggest that the treatment could affect, to different
extents, the degrees of airway reactivity and of eosinophil
activation. This apparent discrepancy cannot be comple-
tely unexpected, since, although eosinophils are the most
representative cell type of asthma, airway inflammation in
this disease is a dynamic phenomenon to which different
cell types mutually contribute [38] and inflammation is not
the only factor responsible for BHR [39].

Similarly, the significant correlations between ENO and
FEV1 observed in the group in toto and in the steroid-
treated patients suggest a link between the level of the air-
way inflammation associated with NO production and lung
function. Nevertheless, the relationship between ENO and
FEV1 is a contrasting issue in the literature with some stud-
ies showing a significant correlation [18, 25, 40], whereas
others failed to show such a correlation [23]. In the study
by ARTLICH et al. [18], the children showing a relationship
between ENO and FEV1, were receiving anti-inflamma-
tory treatment, either cromolyn or inhaled steroids. There-
fore, they received a treatment similar to the children
treated with low dose inhaled steroids in the present study.
Unfortunately in that study the authors did not measure
the level of BHR [18]. In contrast, the group of adults
studied by JATAKANON et al. [23], for which no significant
correlation was observed between ENO and FEV1, was
more similar to the group of untreated children in our
study population, both for treatment and for level of
BHR. It may be possible that in the relatively more severe
subjects, for whom a regular anti-inflammatory treatment
was necessary, the measurement of airway flow is less
sensitive in evaluating the severity of the disease as
compared to airway inflammation as evaluated by ENO.
This is in agreement with the finding by KARITONOV and
coworkers [19, 20] who showed that significant changes
of ENO levels induced by the introduction of treatment
with budesonide [20] or mod-ulation of its dosage [19]
were not accompanied by signi-ficant modifications in
FEV1 levels.

Exhaled NO, was significantly lower in the group of
children receiving a regular course of inhaled steroids irres-
pective of PC20 methacholine value. In contrast, lung func-
tion and SECP were very similar in the two groups of
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patients (fig. 1). BHR tended to be slightly higher in the
steroid-treated children, but the difference failed to be
statistically significant. The lower level of ENO, despite a
slightly higher BHR to methacholine in the steroid-trea-
ted group, as compared to the untreated group, may sug-
gest that inhaled steroid can have a greater efficacy in
reducing the level of airway inflammation than in treating
BHR in asthmatic children. Conversely, the untreated sub-
jects, who are not more hyperreactive than the treated
ones, presented a significantly higher level of ENO, sug-
gesting a higher degree of airway inflammation in this
group. Also in this case, a discrepancy between the level
of BHR and airway inflammation should not be unexpec-
ted given the complexity of the mechanisms underlying
the final phenotypic expression of airway responsiveness
in asthmatic patients [39, 41]. Inhaled steroids have been
hypothesized to be effective in reducing ENO by direct in-
hibition of inducible nitric oxide synthase expression in
the airway with a concomitant effect resulting in an inhib-
ition of the bronchial inflammation in asthmatic patients
[42]. The possible discordance between inflammation and
BHR levels in steroid-treated children can be in part sup-

ported by the data from a recent study in an animal model
that shows that beclomethasone can prevent virus-
induced airway inflammation but not hyperresponsive-
ness [43]. As an alternative explanation, BHR values may
suggest that some of the patients receiving steroids still
had an ongoing "subclinical" inflammation. This could
also indicate that NO might not fully reflect the inflam-
mation in the airway but mainly the effect of steroids
locally in the lower airway, e.g. on epithelial cells and
macrophages. In this case ENO should be considered a
too sensitive parameter for the evaluation of airway in-
flammation in asthmatic patients.

Long-term prospective studies with repeated evaluations
of lung function, airway reactivity and inflammation will
allow a better insight of the causal and temporal relation-
ships amongst the characteristic pathogenetic features of
bronchial asthma, as well as their clinical significance.
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