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ABSTRACT: Increased levels of nitric oxide have been found in expired air of
patients with asthma, and these are thought to be related to the airway inflammatory
events that characterize this disorder. Since, in adults, bronchial inflammatory chan-
ges are present even in mild disease, the present study was designed to evaluate whe-
ther a significant proportion of children with mild-intermittent asthma could have
increased exhaled air NO concentrations.

Twenty-two atopic children (aged 11.1�0.8 yrs) with mild-intermittent asthma,
treated only with inhaled b2-adrenoreceptor agonists on demand and 22 age-matched
controls were studied.

NO concentrations in orally exhaled air, measured by chemiluminescence, were
significantly higher in asthmatics, as compared to controls (19.4�3.3 parts per billion
(ppb) and 4.0�0.5 ppb, respectively; p<0.01). Interestingly, 14 out of 22 asthmatic
children had NO levels >8.8 ppb (i.e. >2 standard deviations of the mean in controls).
In asthmatic patients, but not in control subjects, statistically significant correlations
were found between exhaled NO levels and absolute number or percentage of blood
eosinophils (r=0.63 and 0.56, respectively; p<0.01, each comparison). In contrast,
exhaled NO levels were not correlated with forced expiratory volume in one second
(FEV1) or forced expiratory flows at 25±75% of vital capacity (FEF25±75%) or forced
vital capacity (FVC), either in control subjects, or in asthmatic patients (p>0.1, each
correlation).

These results suggest that a significant proportion of children with mild-intermit-
tent asthma may have airway inflammation, as shown by the presence of elevated lev-
els of nitric oxide in the exhaled air. The clinical relevance of this observation remains
to be established.
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Several studies have provided convincing evidence that
in adults bronchial inflammatory changes are present even
in mild asthma, suggesting that an ongoing recruitment
and activation of inflammatory cells may be present also
in asymptomatic individuals [1±3]. Mediators released by
inflammatory cells have the potential to induce acute da-
mage and the structural changes that characterize airway
remodelling in asthma, leading to progressive loss of res-
piratory function [3±5].

These observations have led to the concept that control-
ling airway inflammation is an important therapeutic goal
and that treatment with inhaled corticosteroids should be
started as early as possible [6, 7]. Since over two-thirds of
patients with asthma have the mild form of the disease,
determining the appropriate circumstances for starting anti-
inflammatory treatment is an issue of major importance,
particularly in the paediatric population [1, 8].

To identify patients who need therapy and to monitor
the effects of treatment, it may be important not only to
record symptoms and to measure lung volumes and flows,
but also to assess and gauge the intensity of airway inflam-
mation. Techniques such as induced sputum or broncho-
alveolar lavage cannot easily be performed on a routine

basis even in adults [9, 10]. In contrast, measurement of
nitric oxide levels in orally expired air represents a nonin-
vasive, simple, well-tolerated test accurately reflecting air-
way inflammatory events in asthmatic patients [11, 12].

NO is a mediator of vasodilation and bronchodilatation,
synthesized from L-arginine by enzymes known as nitric
oxide synthases (NOS), which are produced by several ty-
pes of pulmonary cells, including airway epithelial, endo-
thelial and inflammatory cells [13±15]. Several reports
have demonstrated that NO levels in expired air are incre-
ased in patients with asthma [12, 16, 17] and that exhaled
NO production may reflect cytokine-mediated inflamma-
tion in the lower respiratory tract [11, 12, 14, 18].

Consistent with the observation that corticosteroids in-
hibit the expression of inducible NOS (iNOS) in epithelial
cells [14], it has been shown that inhaled steroids are ef-
fective not only in controlling airway inflammation, but
also in lowering NO levels in exhaled air [13, 19, 20].

The purpose of the present study was to evaluate whe-
ther children with mild-intermittent asthma had increas-
ed exhaled air NO concentrations, and whether NO levels
correlated with simple clinical parameters, such as blood
eosinophilia and pulmonary functions.
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Materials and methods

Study population

Twenty-two children (six females and 16 males, aged
5±14 yrs, mean age 11.1�0.8 yrs) with mild-intermittent
asthma and sensitized to house dust mites (n=18) and/or to
pollens (n=12), were studied out of the pollen season.
Asthma was defined according to the criteria of the Amer-
ican Thoracic Society [12, 17] and all the patients studied
had a clinical history of reversible airway obstruction, cha-
racterized by a 15% increase in forced expiratory volume
in one second (FEV1) after inhalation of 200 mg salbuta-
mol and/or a positive inhalation challenge with metha-
choline. All the children were treated only with inhaled
b2-agonists on an as necessary basis, and therapy was dis-
continued at least 12 h before the study. Sensitization to
allergens was demonstrated by skin prick tests and by
titration of serum levels of allergen-specific immunoglo-
bulin-E (IgE) by the Phadebas radioallergosorbent test
(RAST) (Pharmacia Diagnostics AB, Uppsala, Sweden)
[18]. As a control group, 22 sex- and age-matched children
(mean age 11.9�0.7 yrs) were evaluated. They were non-
atopic on the basis of skin prick tests negative to common
inhalant allergens and normal total IgE levels in serum,
nonasthmatics, and none had respiratory tract symptoms
nor were treated with any drug in the two months pre-
ceding evaluation. Parents or tutors of all children were
informed on the aims of the study and gave informed
consent. The protocol was approved by the Ethical Com-
mittee of the Giannina Gaslini Institute.

Analysis of allergic sensitization

Allergic sensitization was determined by skin prick test,
performed with a panel of 9 allergens (Dermatophagoides
pteronyssinus, D. farinae, Parietaria officinalis, mixed-
grass pollen, cat fur allergen extract, dog dander allergen
extract, alternaria, aspergillus, and hormodendrum). A his-
tamine solution in distilled water (10 mg.mL-1) was used
as positive control and the glycerol-buffer diluent of the al-
lergen preparations as negative control. Each subject was
skin tested on the volar surface of the forearm using 1 mm
prick-lancets (Dome/Hollister-Stier, UK). The reactions
were recorded within 15 min by evaluating the skin res-
ponse rate to each allergen inoculation, in comparison with
the weal given by the negative control: a weal diameter 4
mm larger than the negative control was considered a
positive reaction.

Lung function measurements

All patients and controls were able to perform forced
expiratory manoeuvres. Lung function parameters (FEV1,
forced expiratory flows at 25±75% of the vital capacity
(FEF25±75%) and forced vital capacity (FVC)) were meas-
ured by spirometry (Med Graphics, Pulmonary Function
System 1070 Series 2, Med Graphics Corporation, St.
Paul, MN, USA). Three forced expiratory manoeuvres

were performed, with the subject wearing a noseclip, and
the best result was recorded and expressed as per cent of
predicted values (% pred) [21]. All patients had FEV1 val-
ues >80% predicted.

Blood eosinophil count evaluation

Eosinophil counts in peripheral blood samples were
performed by Technicon H6000 (Technicon Instrument
Corporation, Tarrytown, NY, USA), a system that auto-
matically counts and differentiates between leukocytes by
an alkaline peroxidase method.

Approximately 12,000 leukocytes were counted on each
occasion. The coefficient of variation (CV) for eosinophil
counts was 0.75%.

Detection of NO levels in orally exhaled air

Exhaled NO was measured by a chemiluminescence
analyser (Logan LR 2000 System, Rochester, Kent, UK)
sensitive to NO at concentrations of 2±5,000 parts per
billion (ppb; by volume), adapted for online recording of
NO concentration. This feature obviates the need for col-
lection in a reservoir, with its variable loss of reactive NO
[7]. The analyser was calibrated daily using certified NO
mixtures (100 ppb) in nitrogen (BOC Gases, Guildford,
UK). Ambient air NO was recorded before and after each
subject was studied, and was found to be always <15 ppb.
After flushing the analyser with NO-free compressed air,
subjects were asked to perform a slow vital capacity man-
oeuvre over 15±20 s into wide-bore Teflon tubing while
wearing a nose clip [15, 16, 19, 20]. NO was sampled
continuously at a rate of approximately 250 mL.min-1 with
the patient blowing against a positive pressure of 6±8
cmH2O (exhaled NO-obstructed). This manoeuvre results
in increased oropharyngeal pressure, and closure of the soft
palate, thereby diminishing the nasal NO component [19].
To improve test repeatability, the Logan LR 2000 System
chemiluminescence analyser was equipped with an ex-
halation flow display, designed to provide visual guidance
for the subject to maintain the exhalation flow within the
desired range. The baseline NO values were measured after
at least 15 min of rest. Results were displayed on a chart
recorder and compared with the signal generated by a cal-
ibration mixture of NO (104 ppb) in nitrogen.

Exhaled NO was detected in all subjects: the first wash-
out volume of expired gas, which represented the anato-
mical and mechanical dead space [22] and which was
likely to be contaminated by nasal NO [23], generated a
peak in NO values during the early part of the exhalation.
This peak was followed by a plateau, associated with the
last part of exhalation, which represented the NO levels
derived from the lower respiratory tract [24, 25]. Three
successive reproducible recordings were made at 2-min
intervals. Mean NO values of the plateau were used in all
calculations and the highest value recorded (out of the
three recordings) was used in NO analysis [19]. All meas-
urements were made by two observers (D. Spallarossa and
V. Frangova Yourukova), who had no knowledge of the
health status of each patient.
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Data and statistical analysis

In all the patients, lung functions, blood eosinophilia and
NO measurements were evaluated on the same day.

Lung function measurements were expressed as mean�
SEM, while the number and percentage of cells were ex-
pressed as median (lower and upper quartiles). Each ex-
haled NO concentration was reported as mean ppb with the
corresponding SEM. Comparisons between the groups were
made by the Mann-Whitney U-test. Lung function parame-
ters were compared using Student's unpaired t-test. Spear-
man rank (rs) correlation test was used to evaluate the
relationship between the various parameters: r(n) indicates
the r-value related to cell numbers while r(%) indicates the
r-value related to cell percentages. Statistical significance
was assumed at a p-value <0.05.

Results

Pulmonary function parameters and blood eosinophilia
in asthmatic patients and controls

All subjects recruited completed the study. Mean base-
line values of FEV1, FEF25±75% and FVC of asthmatic
patients and controls are summarized in table 1. As com-
pared to controls, asthmatic subjects showed lower, but
not significantly different, FEV1, FEF25±75% and FVC
values (p>0.05, each comparison).

Asthmatic patients also showed a significant increase in
eosinophil counts in blood samples, as compared to con-
trols. This was true when expressing data as absolute num-
ber or as percentage of cells (p<0.001 and p<0.01, each
comparison, respectively) (table 1).

Exhaled NO in asthmatic patients and controls

NO was detected in the exhaled air of each subject
studied. The exhaled NO levels were significantly higher
in asthmatic patients than in controls (19.4�3.3 ppb and
4.0�0.5 ppb, respectively; p<0.01) (fig. 1). Interestingly, a
significant proportion (14 out of 22) of the children with
mild-intermittent asthma had NO levels >8.8 ppb (i.e. >2
standard deviations of the mean in controls).

Correlations between exhaled NO levels and blood eos-
inophilia or pulmonary function

In controls, no correlations were observed between blood
eosinophil counts or percentages and exhaled NO levels

(p>0.1, each correlation). In contrast, in asthmatic pati-
ents, significant correlations were found between exhaled
NO levels and the number or percentage of blood eosi-
nophils (p<0.01, each correlation) (fig. 2).

No correlations were found between exhaled NO and
FEV1, FEF25±75%, or FVC, either in control subjects, or in
asthmatic patients (p>0.1, each correlation) (table 2). Fin-
ally, no correlations between blood eosinophilia and pul-
monary function parameters were observed in any subject
group (p>0.1, each correlation).

Discussion

In an evaluation of a paediatric population, NO levels
were shown to be increased in a significant proportion of
patients with mild-intermittent asthma and were corre-
lated with the degree of blood eosinophilia.

In adults, there is evidence that bronchial asthma, even
in its mild form, is associated with airway inflammation
characterized by local infiltration and activation of eosi-
nophils, mast cells, T-lymphocytes and macrophages [1±
5, 9]. Mediators released by these inflammatory cells and
by parenchymal cells (bronchial epithelial cells) have a
variety of effects on airway functions, including broncho-
constriction, plasma exudation and mucus hypersecretion.
Chronic inflammation may lead in some patients to irre-
versible structural changes, with subepithelial fibrosis and
increased bulk of airway smooth muscle ("airway remod-
elling"). Because of these observations, various clinical
practice guidelines recommend maintenance treatment with
anti-inflammatory drugs for all patients with asthma, ex-
cept for those with mild-intermittent disease [7, 8].

However, recent reports have provided evidence that
bronchial inflammation may be present even in mild-inter-
mittent asthma, suggesting that an ongoing recruitment
and activation of inflammatory cells may be present also
in asymptomatic asthmatic individuals [3, 5, 26, 27].
Although it is not known whether this "subclinical" in-
flammation leads to irreversible airway remodelling, it
seems reasonable to evaluate the presence of airway in-
flammation in asymptomatic patients in order to identify
individuals (children and/or adults) who may need a clos-
er follow-up and, possibly, anti-inflammatory medications.

Table 1. ± Pulmonary function parameters and blood eo-
sinophilia in control subjects and in asthmatic patients

Control subjects Asthmatics

FEV1 % pred 100.4�5.0 85.5�2.3
FEF25±75% % pred 107.9�5.8 88.4�4.3
FVC % pred 96.2�4.4 87.3�1.9
Eosinophils 103.mL-1 0.2 (0.1±0.3) 0.5 (0.1±0.7)***
Eosinophils % 2.8 (1.8±4.8) 8.4 (3.7±9.8)**

FEV1: forced expiratory volume in one second; FEF25±75%:
forced expiratory flows at 25±75% of vital capacity; FVC:
forced vital capacity. **: p<0.01; ***: p<0.001, as compared to
control subjects.
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Fig. 1. ± Nitric oxide levels in orally exhaled air in control subjects (h)
and in asthmatic patients treated with inhaled b2-agonists on an as nec-
essary basis (J). ppb: parts per billion. **: p<0.01.
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In agreement with previous observations, a significant
increase in blood eosinophil counts was found in asthmatic
children and positive correlations were found between
blood eosinophilia and NO levels in expired air. Indeed, it
has been reported that the number of eosinophils and the
levels of eosinophil-derived proteins correlate with the
severity of asthma [28±30], with the intensity of allergic
sensitization [31], and with the degree of bronchial
hyperreactivity [32±34]. Overall, these findings further
support the concept that NO levels in exhaled air may
indeed reflect the intensity of airway inflammation in
asthma.

The relative contribution of the different cellular sources
to NO levels in exhaled air is still uncertain. A variety of
observations suggest that exhaled NO in asthma is likely to
be derived mainly from the inducible form of nitric oxide

synthases (iNOS or type II NOS) [13, 35±37], which are
rapidly induced by pro-inflammatory cytokines in a variety
of cells, including macrophages and airway epithelial cells
[19]. Although we do not know the pathways linking the
inflammatory events that characterize asthma with NO
production in the airways, it has been demonstrated that
exhaled NO levels are decreased by oral corticosteroid in
patients with asthma [20, 38] but not in normal subjects
[39].

High concentrations of NO are produced not only in
the lower respiratory tract but also in the upper airways
[40, 41]. Nasally-derived NO, which may contribute to NO
in exhaled air if no closure of the soft palate is achieved
[38, 42], could give false positive results in a patient pop-
ulation such as that in the present study. Since the com-
plete closure of the soft palate requires a very high degree
of compliance [42], this test cannot be performed in the
vast majority of children. However, a mixture of nasal and
oral NO is unlikely to account for more than a minor
component of exhaled NO when the patient performs a
slow expiratory manoeuvre against a resistance [43, 44].
Indeed, no differences were found in exhaled NO meas-
ured either during slow exhalation against a low resistance
or after isolation of the nasopharynx by inflated balloon
occlusion [41]. This hypothesis is further confirmed by
the observation that short course inhaled corticosteroid
therapy with flunisolide, administered with metered-dose
inhalers and spacers, and thus, targeted to the lower air-
ways, was effective in downregulating exhaled air NO
levels in a group of asthmatic children [45]. Similarly, it is
very unlikely that in the present series, the pharmacolog-
ical treatment of asthma interfered with exhaled NO levels,
and patients took only inhaled b2-agonists on an as-nec-
essary basis, which were discontinued at least 12 h be-
fore the study NO concentrations in exhaled air are not
affected by b2-adrenoceptor agonists [43].

Finally, we did not find any correlations between ex-
haled NO levels and pulmonary function parameters. The
data presented in this study are similar to those published
by other groups [44, 46], and confirm the hypothesis that
airway inflammation may not be strictly related to the
reduction of lung volumes or to the degree of airflow lim-
itation [10].

In conclusion, the present study strongly suggests that a
high proportion of children with mild-intermittent asth-
ma show evidence of airway inflammation, as judged by
the increased levels of orally exhaled nitric oxide. Further
studies are required to evaluate the clinical relevance of
this observation.
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