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ABSTRACT: Inhaled corticosteroids are capable of reducing the level of exhaled
nitric oxide (expiratory nitric oxide fraction (FE,NO)) in asthmatic patients in a dose-
dependent fashion. The aim of this study was to evaluate whether or not treatment
with an inhaled steroid can prevent changes in FE,NO after the exposure to relevant
allergens, following avoidance, in asthmatic children allergic to house dust mite.

Thirty-two house dust mite-allergy asthmatic children were randomly allocated to
treatment with inhaled flunisolide (500 mg b.i.d.) or placebo and evaluated before and
2 weeks after a period of natural exposure to mite antigens. Lung function and FE,NO

were evaluated.
FE,NO was increased in the placebo-treated group after antigen exposure. Treat-

ment with inhaled flunisolide prevented such increase in FE,NO (p<0.001). No change
was observed in lung function parameters.

Inhaled flunisolide is effective in preventing the increase in airway inflammation
observed in allergic asthmatic children re-exposed to allergens.
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It is well recognized that asthma is an inflammatory
disease and that indoor allergens, in particular house dust
mite, represent a relevant factor in the aetiology of the
disease [1]. It has been demonstrated that the develop-
ment or worsening of asthma symptoms in children may
be alleviated by allergen avoidance [2, 3] or by suppres-
sing the bronchial response to allergen challenge [4±9].

In recent years, different markers have been proposed
for the evaluation of level of airway inflammation [10].
Among these, the measurement of exhaled nitric oxide
levels (expiratory nitric oxide fraction (FE,NO)) is consid-
ered a noninvasive means of assessing the degree of air-
way inflammation in asthmatics [11±13].

Recent studies have shown that inhaled corticosteroids
are capable of decreasing the FE,NO in asthmatic patients in
a dose-dependent fashion [14, 15].

In this study, whether treatment with an inhaled steroid
can prevent changes in FE,NO after a brief period of expo-
sure to relevant allergens was evaluated in a group of asth-
matic children allergic to house dust mite.

Material and methods

Subjects

Thirty-two children (26 males and six females), ranging
in age 6±15 yrs and with a history of bronchial asthma and
a positive skin-prick test to house dust mite, were eval-
uated at the "Istituto Pio XII" long-stay hospital (Misurina,
Belluno, Italy), situated at an altitude of 1,756 m in the
Italian Alps. None of the patients had had respiratory
infections for $2 months before the beginning of the study
and none of them were allergic to furry pets.

None of the children had received oral corticosteroids
for $2 months or inhaled corticosteroids for $1 month
before the study since they were staying in a house dust
mite-free environment.

The study was approved by the Istituto Pio XII Ethics
Committee and both children and their parents gave in-
formed consent.

Study design

The study was performed between December 1997 and
January 1998. The children admitted to the study had been
living at the Istituto Pio XII, an environment free of house
dust mite allergen because of its location at high altitude,
for $3 months at the time of admission (t0). The first set of
evaluations (t0) was performed immediately before the
children left the Istituto Pio XII to spend the Christmas
holidays at their family homes, at sea level, and before the
first administration of flunisolide. The second set of eval-
uations (t1) were performed at the time of readmission to
the Istituto Pio XII, after the children had been re-exposed
to house dust mite allergens for 2 weeks. This study was
performed out of the pollen season in order to avoid
interference of outdoor allergens for those patients who
were also sensitized to pollens.

The evaluations at t0 and t1 consisted of the measure-
ment of pulmonary function and FE,NO. During the study
period, symptoms were recorded daily. Patients were ran-
domly divided into two parallel groups of 16 subjects each,
receiving either flunisolide (Lunibron A; Valeas, Milan,
Italy; 500 mg b.i.d.) or placebo solution in a double-blind
fashion. The treatments were started at the time that the
children left the residential house and continued during the
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time they spent in their parents' houses. Treatments were
administered via the same model of pneumatic nebulizer
(Mefar, Bovezzo, Italy), which was provided to all the
patients.

Inhaled b2-agonists were allowed as needed. Neither
cromons nor inhaled steroids, other then flunisolide admin-
istered in double-blind fashion according to the experi-
mental design, were allowed for the duration of the study.

Lung function and nitric oxide measurement

Lung function was measured using a Vitalograph Com-
pact spirometer (Vitalograph, Buckingham, UK). The
forced expiratory volume in one second (FEV1) and forced
mid-expiratory flow (FEF25±75) were considered in the
analysis of results. The FE,NO was measured using a che-
miluminescence analyser (Logan LR 2149; Logan, Roch-
ester, UK) before performing spirometry [14, 15].

Briefly, the subjects were asked to perform a single slow
exhalation starting from total lung capacity through a
mouthpiece, against a resistance (mouth pressure >5 cm-
H2O) and with biofeedback used to maintain a steady flow
of 5 L.min-1. This method allows the separation of the
nasopharynx from the oropharynx by the soft palate, hence
preventing the contamination of the FE,NO with nasal NO.
This method has been shown to be successfully applicable
in both adults and children. The FE,NO was measured at the
plateau of the end-expiratory reading and expressed in
parts per billion (ppb) according to guidelines [16]. The
FE,NO considered in the data analysis were always mea-
sured at the plateau FE,NO, taking the plateau of the end-
expiratory carbon dioxide reading as representative of an
alveolar sample [13, 17].

Measurement of mite allergen levels

Parents were asked to collect dust from the mattresses of
the subjects participating in the study in a standardized
fashion, by vacuuming the mattress surface over an area of
~2 m2 for 5 min [18] using a vacuum cleaner containing a
new bag. Bags containing samples were stored in a seal-
ed plastic bag at 48C until the dust was processed for
measurement of mite group I allergen levels, which was
performed using monoclonal antibodies in a two-site im-
munometric enzyme-linked immunosorbent assay (ELI-
SA) [19, 20].

The results were expressed in micrograms of mite group
I allergens per gram of dust [21].

Statistical analysis

The FE,NO and lung function (FEV1 and FEF25±75) eval-
uated at t0 and a t1 were statistically evaluated using
multiple regression analysis [22] of the two regression
lines for flunisolide and placebo (t0 versus t1): the dep-
endent (y) variable is the value measured at t1 for each
parameter and each patient, whereas the independent (x)
variable is the value measured at t0. Maximal protection is
represented by a slope which is not significantly different
from the line of identity, i.e. there were no significant
changes in the investigated parameters between t0 and
t1. This was tested by evaluating the following null hy-
pothesis: 1) The parallelism of the two regression lines
(flunisolide: y=aFl+bFlx; placebo: y=aPl+bPlx) to the theo-
retical line (y=a+bx) with slope (b) equal to 1 and the

intercept of the y-axis (a) equal to 0 (line of maximum
protection to allergen exposure (LMPAE): y=x), where
aFl and bFl are the a and b for flunisolide and aPl and bPl

are the a and b for placebo, giving bFl and bPl=1. 2) The
coincidence of each regression line with the LMPAE (aFl

or aPl=0), if the parallelism hypothesis is verified. 3) The
coincidence between the two regression lines (aPl=aFl), if
aFl and aPl?0. The comparisons were carried out using a
t-test utilizing the regression coefficients of the multiple
regression model adopted.

Bronchial symptoms were analysed by comparing the
sum of a score ranging 0±3 for daytime cough, night-time
cough and wheezing using the Mann-Whitney U-test.

Results

Of the 32 children who were admitted (table 1), 28 com-
pleted the study. One child in the placebo group presented
with an upper respiratory tract infection and three in the
flunisolide-treated group were not compliant with the
scheduled regimen, as verified by checking the personal
diary card and evaluating the quantity of unused drug at
the end of the study period. These subjects were excluded
from the study and therefore the final analysis for the two
groups included 15 placebo and 13 flunisolide subjects.

It was possible to obtain dust samples from 25 of the 28
children who completed the study. Four samples, one in the
placebo and three in the flunisolide group, were not suit-
able for analysis because the quantity of dust collected was
not sufficient to perform the allergen extraction. The mean
level of mite allergen in samples collected in the residen-
tial house was 0.04 mg.g dust-1. The levels of house dust
mite group I allergens (Der pI and Der fI) were 16.46 mg.g
dust-1 in the placebo group and 12.84 mg.g dust-1 in the
flunisolide-treated group (NS between treatments and p<
0.01 versus level in the residential house).

The individual and mean�SEM FE,NO, FEV1 and FEF25±

75 at t0 and t1 are shown in figures 1±3.
The FE,NO were comparable in the two groups at t0. The

results of the multiple regression analysis carried out for
FE,NO, FEV1 and FEF25±75 show that the placebo reg-
ression line is not coincident with the LMPAE placebo
versus LMPAE, p<0001) for FE,NO. In contrast, a signi-
ficantly lower FE,NO was observed in the group treated
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Fig. 1. ± Expiratory nitric oxide fraction at the time of admission (t0)
and 2 weeks later following re-exposure to house dust mite allergens in:
a) the flunisolide group; and b) the placebo group (t1). Data are pre-
sented as individual values and mean�SEM. ppb: parts per billion.
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with flunisolide, compared to placebo, after returning to
the residential house (flunisolide versus placebo, p<0.05),
suggesting no significant changes in the flunisolide group,
and, in addition, no significant difference was observed be-
tween the flunisolide regression line and the LMPAE line
(flunisolide versus LMPAE, p$0.05).

When FEV1 and FEF25±75 values are considered, both
the placebo and flunisolide regression lines are coincident
with the LMPAE (placebo and flunisolide versus LMPAE,
p>0.05).

The mean daily symptom score was 0.72 for the fluni-
solide-treated group and 1.12 for the placebo treated group
(NS).

Discussion

It has previously been demonstrated that inhaled cor-
ticosteroids are effective in preventing the increase in bron-
chial reactivity in allergic asthmatic children re-exposed to
allergens for 3 months [9].

FE,NO has been demonstrated to be more promptly mo-
dified by exposure to or avoidance of relevant allergens in
allergic asthmatic children [23, 24] than lung function.

BARALDI et al. [23] demonstrated that, during the pollen
season, FE,NO increased significantly in spite of a lack of
significant changes in FEV1, and also showed a relatively
high FE,NO in these patients outside the grass pollen seas-
on, in agreement with the hypothesis that mild airway
inflammation may persist even in the absence of symp-
toms [14]. A significant time-dependent modulation of
FE,NO during house dust mite avoidance has previously
been observed in a group of allergic asthmatic children
during a stay in the Alpine environment, despite discon-
tinuation of steroid therapy [24].

In the present study, a significant increase in FE,NO was
observed in the group of patients treated with placebo, but
not in those treated with inhaled flunisolide during 2 weeks
of exposure to significant levels of mite allergens. In con-
trast, no difference has been observed between the two
treatments in terms of lung function.

This observation is not unexpected since it is known that
airway inflammation may be found in asthmatic patients
whose lung function values are normal and clinically well
controlled [25]. For this reason, it was recently suggested
that the monitoring of lung function and symptoms are
not sensitive enough to reflect the extent of airway in-
flammation [25].
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Fig. 3. ± Forced mid-expiratory flow (FEF25±75%) at the time of admis-
sion (t0) and 2 weeks later following re-exposure to house dust mite
allergens in: a) the flunisolide group; and b) the placebo group (t1). Data
are presented as individual values and mean�SEM.
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Fig. 2. ± Forced expiratory volume in one second (FEV1) at the time of
admission (t0) and 2 weeks later following re-exposure to house dust
mite allergens in: a) the flunisolide group; and b) the placebo group (t1).
Data are presented as individual values and mean�SEM.

Table 1. ± Patient characteristics

t0

Patient
No.

Treatment Sex Age
yrs

Height
cm

FEV1

L
Rev
%

1 Flunisolide M 12 160 2.49 12
2 Flunisolide M 8 129 1.49 17
3 Flunisolide M 10 127 1.58 1
4 Placebo F 13 160 2.49 1
5 Flunisolide M 11 146 2.47 6
6 Placebo M 13 157 2.50 11
7 Flunisolide M 13 162 3.03 6
8 Placebo M 10 152 2.54 15
9 Flunisolide M 7 121 1.66 3

10 Flunisolide F 12 149 2.04 3
11 Flunisolide M 13 149 2.76 12
12 Flunisolide M 13 158 3.22 2
13 Placebo M 8 125 1.87 7
14 Placebo M 10 132 1.38 12
15 Flunisolide M 10 133 1.67 9
16 Flunisolide M 9 120 1.47 11
17 Placebo M 11 144 2.30 9
18 Placebo M 10 139 2.01 9
19 Placebo M 9 148 2.20 -3
20 Flunisolide M 11 144 2.36 3
21 Placebo M 12 148 2.85 -12
22 Placebo M 15 148 2.54 2
23 Flunisolide M 13 150 2.14 8
24 Placebo M 12 148 2.11 10
25 Flunisolide M 7 124 1.65 7
26 Flunisolide F 11 140 1.85 8
27 Placebo M 9 134 1.90 17
28 Placebo F 8 125 1.55 10
29 Flunisolide M 6 118 1.20 3
30 Placebo F 11 149 2.22 12
31 Placebo F 10 140 1.63 15
32 Placebo M 8 139 1.91 3

t0: time of admission; FEV1: forced expiratory volume in one
second; Rev: reversibility (change in FEV1 after administration
of treatment); M: male; F: female.
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The measurement of FE,NO has been proposed as a
simple noninvasive means of monitoring the level of air-
way inflammation [11±13, 16, 26]. It has also been dem-
onstrated that FE,NO is increased after allergen-induced
asthmatic reactions [27, 28], whereas it is reduced after
treatment with inhaled steroids [15] in a dose-related
fashion [14]. The present study design represents a natur-
al antigen-induced challenge and the observed changes in
FE,NO in placebo-receiving group suggest that 2 weeks'
exposure to significant amounts of mite allergens can be
responsible for an increase in airway inflammation in
house dust mite-sensitive asthmatic children.

In this study, a period of treatment before leaving the
residential house, aimed at reaching a steady-state steroid
effect, was not considered since this could have generated
significant differences in baseline FE,NO between fluniso-
lide and placebo-treated children. However, previous stud-
ies have shown that inhaled steroids significantly reduce
FE,NO [14, 15], and, therefore, it is tempting to speculate
that the lack of changes in FE,NO occurred as a result and
not In spite of steroid treatment. Therefore, the authors
suggest that treatment with inhaled steroid is able to
prevent the increase in FE,NO occurring after a natural
allergen challenge.

In conclusion, the expiratory nitric oxide fraction mea-
surement was well accepted by the children who partici-
pated in the study, and, from the present results, it is
tempting to speculate that expiratory nitric oxide fraction
may provide clinical information which would not be re-
vealed by routine lung function testing. Furthermore, by
means of this technique, it has been demonstrated that
inhaled flunisolide is effective in preventing the increase in
airway inflammation in allergic asthmatic children re-
exposed to allergens, even if, from this study, it is not pos-
sible to reach firm conclusions regarding the clinical
significance of an increase in expiratory nitric oxide frac-
tion in the absence of measurements of lung function or
symptoms.
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