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Mite avoidance can reduce air trapping and airway inflammation in allergic

asthmatic children
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Summary

Background We investigated the effects of prolonged allergen avoidance in 18 house dust mite-
sensitized asthmatic children during a prolonged residential period at a high altitude, allergen-free
environment.

Methods Evaluations of residual volume (RV) and exhaled nitric oxide (eNO) were performed
(1) at admission to the residential house in September, (ii) in December after 3 months of stay,
(iii) in January after 15 days at home, exposed to allergens, and (iv) in June after 9 months of stay.
Results During the study period RV showed a significant decrease in December (from
117.5 + 7.7% to 96.5 + 3.2%) (P <0.02) and a following increase in January (126.2 + 17.2%),
after allergen re-exposure (P <0.03). RV decreased again in June at the end of the study period
(91.1 £+ 6.0%) (P=0.001). FEV,, FEF,5_;5 and VC values did not present significant variations.
ENO showed a significant decrease in December after 3 months at high altitude (from 21.3 + 3.9
p-p.b. to 11.9 + 1.7 p.p.b.) (P=0.03), but no further significant change. No correlation was found
between lung volumes and eNO, probably reflecting different aspects of asthma.

Conclusions Results suggest that RV may be more sensitive than other respiratory function
parameters in identifying children with air trapping, being influenced significantly as the inflamma-
tory indices by effective allergen avoidance/exposure regimen.
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Introduction

The exposure to offending allergens in sensitized asthmatic
patients causes eosinophil influx and epithelial damage of the
airway, which may lead to an increase in bronchial inflamma-
tion, to airway remodelling and to bronchial hyper-reactivity
(BHR) [1, 2]. A reduced forced expiratory volume in 1 s (FEV/)
to vital capacity (VC) ratio is indicative of airflow limitation
and may distinguish obstructive from non-obstructive patterns
[3], but it cannot indicate the precise localization of airway
obstruction, particularly when the small airways are involved.
There are functional patterns characterized by a concomitant
decrease in FEV, and VC and with a consequent normal FEV,
to VC ratio. In these conditions the increase of residual volume
(RV) values may reflect the obstructive impairment of the small
airways [4]. The obstructive syndrome localized at the small
airway level is characterized by the increase of RV and RV/
total lung capacity (TLC) ratio and it is a feature of a phenom-
enon of air trapping, which may be present even
in asymptomatic asthma [4]. In asthmatic patients with normal
or near normal flow-volume values increased RV has been
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demonstrated to be associated with severe exacerbations of
asthma [3].

We have previously reported the reduction of allergen-
induced BHR by effective allergen avoidance at high altitude
[6]. The prolonged stay at high altitude, allergen-free environ-
ment, leads to a reduction of symptoms, an increase of spiro-
metric values [7] and a reduction of bronchial inflammatory
indices [8]. Recently, we utilized eNO as sensitive markers of
effective allergen avoidance [9]. In the present paper we studied
the changes in RV and lung volumes in asthmatic house dust
mite (HDM)-sensitized children, while resident for a long
period in an environment free of the offending allergen. We
investigated whether not only the anti-inflammatory therapy
but also the effective allergen avoidance could ameliorate the
pattern of air trapping and whether this phenomenon could be
accompanied by a parallel reduction of eNO as index of airway
inflammation.

Methods

Patients

Eighteen children (mean age + SD, 10.7 + 1.6 years) were
evaluated. All children had moderate to severe asthma
according to the definition of the American Thoracic Society
[10] and the minimum medication required to achieve
adequate control [11]. All patients were sensitive to HDM,
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Dermatophagoides pteronyssinus and farinae, as demonstrated
by positive skin prick tests and positive RAST (score > 3) for the
allergens. They were resident in the Instituto Pio XII, Misurina,
at 1756 m above sea level, where the routine analysis for HDM
always failed to reveal the presence of mite-allergen. The do-
mestic levels of HDM were evaluated for each child who
participated in the study.

Study design

The children stayed at high altitude in Misurina for the whole
scholastic year, 9 months, from September to June. The chil-
dren went home for 15 days for the Christmas holidays, being
therefore exposed to the offending allergen HDM, from
December to January. The lung volume measurements and
the eNO evaluations were performed in four periods [1]: in
September, within 3 days of first admission to the institute [2],
in December, after 3 months of stay, and within 2 days before
leaving the residential house for the Christmas holidays [3], in
January, at the return to the institute after 15 days at home, and
[4] in June, after 9 months at high altitude in Misurina.

Patients’ treatments

At the admission to the residential house in September the
patients were in regular treatment with anti-inflammatory
drugs (Table 1); within a few weeks of admission the regular
therapies were gradually withdrawn due to symptomatic im-
provement. During the Christmas holidays the children
returned home, receiving preventive regular treatment with
inhaled steroids (Table1) that was continued for a further
week after the return to the institute in January and then grad-
ually withdrawn.

Lung function tests

The lung volume measurements were obtained using a water-
sealed lung volume spirometer, which uses a washout system
with removal of CO,, and O, delivery control system and
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analysis of the helium dilution by a fast response cell (Baires,
Biorevo mod., Biomedin, Padova, Italy). Appropriate correc-
tions for temperature and gas viscosity were applied [12]. The
tests were always performed at the same time of the day.

ENO measurements

Exhaled NO was measured using a chemiluminescence analyser
(Logan LR 2149, Rochester, Kent, UK). Briefly, the children
were asked to perform a single slow exhalation through a
mouthpiece against a resistance. A biofeedback device main-
tained a 5-6 L/min steady expiratory flow, assuring the closure
of the soft palate and separating the nasopharynx from the
oropharynx. ENO values were registered at the plateau of the
end-exhaled reading according to the guidelines [13].

Measurement of mite allergen levels

Parents were asked to collect dust from the mattresses of the
patients by using a vacuum cleaner with a new bag and
vacuuming the mattress surface over an approximate area of
2m? for 5 min. The parents were well instructed in the proced-
ure as a part of the educational programme that is regularly
carried out at the residential house. The dust was then stored at
4°C until the process for measurement of mite group I allergen
levels, which was performed with monoclonal antibodies in a
two site immunometric ELISA [14].

Statistical analysis

The study hypothesis was tested by examining internal changes
of RV, FEV,, VC, functional residual capacity (FRC) and
forced expiratory flow between 25% and 75% of the vital cap-
acity (FEF,5_75) and eNO during the study period. Comparison
for contiguous times of the exposure-avoidance study was
planned a priori and the analysis of variance (ANOvA) was used
for comparing observations. Correlations between the levels of
eNO and the values of RV, FEV| and FEF,s_;5 were tested by
Spearman’s correlation test.

Table 1. Individual data for demographics and treatment at each time of evaluation. M = male, F =female, Flu =fluticasone (doses are expressed as
ng/day), Bud = budesonide (doses are expressed as pg/day). For all time points 3, agonists were allowed as needed for all subjects

Patient Age Height Weight Treatment Treatment Treatment Treatment
N° Gender (yr) (cm) (kg) September December January June
1 M 11 143 4 Flu 300 - Flu 300 -
2 M 13 162 55 Flu 200 - Flu 300 -
3 M 13 156 48 Flu 600 - Flu 300 -
4 M 11 151 53 Flu 200 - Flu 300 -
5 M 7 124 20 Bud 400 - Flu 300 -
6 M 10 137 37 Bud 400 - Flu 300 -
7 M 1 136 34 Bud 400 - Flu 300 -
8 M 9 130 33 Flu 200 - Flu 300 -
9 F 9 129 33 Flu 400 - Flu 300 -
10 M 13 168 63 Bud 400 - Flu 300 -
11 M 12 147 37 Bud 400 - Flu 300 -
12 M 11 140 36 Flu 300 - Flu 300 -
13 M 9 146 53 Flu 200 - Flu 300 -
14 M 10 136 27 Flu 300 - Flu 300 -
15 M 12 150 42 Flu 300 - Flu 300 -
16 M 10 146 40 Bud 400 - Flu 300 -
17 M 1 159 60 Flu 200 - Flu 300 -
18 M 10 123 24 Flu 300 - Flu 300 -
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The local hospital ethical committee approved the study and
the children and their parents gave informed consents.

Results

The results obtained, expressed as group mean + standard error
of the estimate (+ SEM), are summarized in Table 2, where the
P-value is equal to comparison for contiguous times. Table 3
and Table 4 describe the single patient’s pulmonary parameters
for each of the four times of the study. During the study period
the RV values (Fig. 1) showed a significant decrease (P <0.02)
after 3 months of stay at high altitude, from 117.5 + 7.7% in
September to 96.5 + 3.2% in December. In January, when the
children returned to the residential house, after 15 days in the
presence of HDM at home, there was an increase of RV
(126.2 + 17.2%) that was significant in comparison to
December (P <0.03). The RV decreased again and in June

was 91.1 + 6.0%, being significantly different from January
(P=0.001).

The RV to TLC ratio (Table2) presented a significant
decrease between September and December (P=0.003) and
a following significant increase between December and
January (P =0.002). In 6 months of residency in altitude the
RV to TLC ratio showed a decrease that was significantly
different from January (P =0.002). The evaluation of the
FRC (Table2) showed again a significant decrease from
September to December (P =0.016); in January we observed
an increase that failed to be significant in comparison to
December. In June there was a decrease of FRC that was
significantly different from the values observed in January
(P=0.012). When the variations of FEV;, FEF,5_75 and VC
were considered, no significant difference between periods was
observed (Table?2) (Fig.1). ENO presented a significant de-
crease from September (21.3 +3.9p.p.b.) to December
(11.9 + 1.7p.p.b.) (P=0.03) (Fig.1). No further significant

Table 2. Respiratory parameters at different times. RV = residual volume, TLC =total lung capacity, FRC = functional residual capacity, FEV,=forced
expiratory volune in 1s, FEF,5_75="forced expiratory flow between 25% and 75% of the vital capacity, VC = vital capacity. P-value is equal to

comparison for contiguous times. NS = non-significant

September December January June

RV (%) 177 +7.7 96.5 + 3.2 126.2 +17.2 91.1 + 6.0
P < 0.02 P < 0.03 P =0.001

RV/TLC (%) 107.8 + 5.3 93.7 + 4.8 107.3 + 4.5 90.2 + 5.1
P =0.003 P =0.002 P =0.002

FRC (%) 100.2 + 4.4 89.6 + 3.0 99.8 + 5.5 89.3 + 3.6
P=0.016 NS 0.001

FEV (%) 100.5 + 3.6 102.0 + 2.9 105.1 + 2.6 100.5 + 2.3
NS NS NS

FEF,5_75 (%) 81.5+5.9 91.3 + 5.1 944 +58 93.2+59
NS NS NS

VC (%) 109.8 + 5.8 108.5 + 5.3 117.3 + 5.9 107.6 + 4.9
NS NS NS

Table 3. Single patient’s pulmonary parameters at different times. Time 1= September, Time 2 =December, Time 3=January, Time 4 =June

Patient 1VC  2VC 3VC  4VC  1FEV, 2FEV, 3FEV, 4FEV, 1FEFss s 2FEFss 75 3FEFss 75 4 FEFps s
number (L) (L) (L (L) (L) (L (L (L) (L/s) (L/s) (L/s) (L/s)
1 28 201 3.04 341 2.27 2.3 2.54 2.48 2.22 2.14 2.53 2.25
2 473 498 477 516 355 3.88 3.7 3.9 2.91 3.41 3.27 3.2
3 2.8 356 355 375 1.48 3.06 2.77 2.64 0.64 3.09 2.2 1.86
4 336 327 336  3.71 2.83 2.75 2.93 3.07 2.93 2.95 3.56 3.14
5 1.63 1.75 1.76 1.75 1.57 1.55 1.55 1.54 2.51 2.72 2.64 2.82
6 268 283  3.01 296 204 2.32 2.4 2.35 17 2.32 2.26 2.02
7 259 263 258 274 203 1.99 1.91 2.03 1.76 1.99 1.49 1.61
8 234 22 229 247 1.87 1.8 1.87 2.02 1.77 1.77 1.85 2.03
9 197 209 219 229 1.75 1.81 1.98 2.0 2.34 2.03 2.61 2.41
10 405 442 467 437 252 3.06 3.38 4.08 15 3.4 2.57 4.96
11 309 32 329 329 233 2.34 2.55 2.53 1.87 1.82 2.19 2.14
12 263 256 249 261 2.35 2.42 2.27 2.33 2.81 3.25 3.03 2.67
13 259 271 2.71 276 216 2.22 2.38 2.51 2.29 2.29 3.19 3.57
14 212 247 224 219 1.91 1.92 2 2.02 2.2 2.24 2.41 2.57
15 319 322 346 346 266 2.94 2.93 3.16 2.67 3.72 3.06 3.96
16 224 25 2.52 1.48 1.93 2.15 0.9 1.77 2.38
17 3.49 342 357 281 2.59 2.85 2.44 2.15 2.45
18 2.21 2.29 2.27 1.72 1.73 1.73 1.51 1.41 1.49
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Table 4. Single patient’s pulmonary parameters at different times. Time 1 =September, Time 2=December, Time 3 =January, Time 4=June
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Patient 1RV 2RV 3RV 4RV 1TLC 2TLC 3TLC 47LC 1RV/TLC 2 RV/TLC 3RV/TLC 4RV/TLC
number (L) (L (L L L) (L (L (L (%) (%) (%) (%)
1 0.55 0.59 0.56 0.45 3.37 3.50 3.60 3.55 16.37 16.76 15.65 12.67
2 0.82 0.86 1.06 0.9 5.55 5.83 5.83 6.06 14.84 14.67 18.18 14.85
3 0.65 0.77 2.2 0.87 3.45 4.33 5.75 4.62 18.74 17.79 38.26 18.84
4 0.65 0.6 0.46 0.51 4.00 3.87 3.83 4.23 16.16 15.51 12.03 12.17
5 0.67 0.46 0.47 0.44 2.30 2.22 2.23 2.19 29.13 20.85 21.13 20.25
6 0.92 0.66 1.13 0.57 3.61 3.49 4.14 3.53 25.58 18.95 27.22 16.16
7 0.71 0.69 0.92 3.30 3.32 3.66 21.52 20.79 44.06 25.02
8 0.78 0.72 0.54 0.49 3.12 2.92 2.83 2.97 25.07 24.76 19.13 16.64
9 0.47 0.46 0.16 0.31 2.44 2.55 2.34 2.60 19.19 18.14 6.07 11.99
10 1.57 1.14 1.54 1.4 5.62 5.56 6.20 5.77 27.91 20.48 24.77 24.27
11 0.86 0.78 0.8 0.74 3.96 3.99 4.09 4.03 21.83 19.64 19.52 18.37
12 0.85 0.76 0.88 0.77 3.48 3.32 3.37 3.38 24.45 22.77 26.23 22.84
13 1.05 0.77 0.91 0.68 3.64 3.48 3.62 3.45 28.92 22.02 25.21 19.83
14 0.89 0.6 0.75 0.61 3.01 2.76 2.99 2.8 29.59 21.56 25.17 21.76
15 0.78 0.97 1.09 1.08 3.97 4.19 4.55 4.54 19.65 23.07 23.95 23.84
16 0.66 0.77 0.5 2.90 3.06 3.02 22.71 12.67 16.47
17 0.94 0.86 1 4.43 4.28 4.57 21.18 20.11 21.84
18 0.94 0.58 0.72 3.15 2.88 2.99 29.77 20.24 24
150+ 25
free of mites, and it was maintained by the end of the study
period in June. The levels of eNO, a sensitive marker of airway
|50 inflammation, showed a parallel significant decrease after
3 months of allergen avoidance, demonstrating that also airway
100 inflammation was significantly related to the avoidance regi-
E 15 men, as previously described [8, 9]. When the children returned
2 g home for 15 days, in the presence of the offending allergens, the
g o inhaled steroid treatment was able to prevent the increase in
5 10 eNO and deterioration of other lung function parameters, i.e.
2 FEV, and FEF,5_7s, but it did not prevent peripheral airway
50- obstruction and the associated increase of RV.
—a—RV e ® - FEF,5 75 We failed to show any correlation between eNO and the lung
5 function measurements. According to previous observations
""" +- FEV, ~A-eNO this lack of correlation may suggest that these measures are
0 0 reflective of different aspects of asthma [15, 16]. eNO has been
T T T T

Sep Dec Jan Jun

Fig.1. Variations of different parameters for each time point of the study.
The results are expressed as mean =+ standard error of the estimate
(SEM). RV = residual volume, FEV, =forced expiratory volune in

1 second, FEF,5_75=forced expiratory flow between 25% and 75% of the
vital capacity, eNO = exaled nitric oxide.

change in January (12.5 + 2.6 p.p.b.) and in June (13.2 + 2.0
p-p.b.) was observed.

No significant correlation was found between eNO and the
lung volumes. The measurement (mean + SD) of mite allergen
levels, expressed in micrograms of mite group I allergens for
gram of dust, was 23.9 + 5.5.

Discussion

In our study population the presence at home of HDM group I
allergens was associated with significant high values of RV and
eNO. The decrease in RV was significant in December, after
3 months of stay at high altitude, in an environment absolutely
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proposed to be a more sensitive marker of deterioration of
asthma than either symptoms or lung function and to be
affected by inhaled steroid treatment [17]. However, data from
our study demonstrate that RV is even more sensitive than eNO
as a marker of allergen exposure/avoidance and it is less influ-
enced by the inhaled steroid treatment. Our results confirm
previous observations [4] that in asthmatics there could be an
increase in RV and in RV/TLC ratio even when the FEV; and
VC are within the normal limit of predicted values. This condi-
tion should be considered a feature of air trapping and it was
defined as small airway obstruction syndrome [4].

Residual volume changes have been studied using different
bronchial challenges, such as methacoline and allergen, which
produced at the early asthmatic response the same changes in
flows and volumes, suggesting that, though different mechan-
isms, the site of obstruction was similar [18]. In the case of the
late asthmatic response, artificially induced by allergen chal-
lenges, the increase of RV was much greater, reflecting the
involvement of more peripheral bronchial walls and paren-
chyma with a mechanism that might be similar to the situation
of the children when they arrived at high altitude [19, 20]. Air
trapping may produce alveolar hyperinflation that could be the
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only baseline pulmonary abnormality in asthmatics during long
symptom-free intervals [21, 22].

It has been observed that chronic airway obstruction and
hyperinflation may result in increased total lung capacity in
adults who have suffered asthma from childhood in comparison
with subjects who developed asthma after the age of 18 years
[23]. The lung hyperinflation may represent one of the most
important causes of dyspnoea and the response to bronchodila-
tor therapy is due to the fact that the consequent increase in
bronchial caliber allows the patient to breathe at a lower lung
volume [24]. Furthermore, in asthmatic children the presence of
hyperinflation, even if with normal or near normal FEV; and
with the disease apparently under control, could be associated
with more severe asthma exacerbations, characterized clinically
by life-threatening episodes [5]. The group of asthmatic children
with hyperinflation presented significant decreased lung elasti-
city in comparison with normal subjects [25], a greater incidence
of previous respiratory failure and a higher incidence of steroid
requirement [5]. For this reason the loss of elastic recoil, i.e.
hyperinflation, appears to represent a marker for severe, life-
threatening asthma in children.

Debate exists on the opportunity to perform not only spiro-
metric but also total lung volume measurements, that in most
cases are considered time-consuming and expensive [26]. In our
study when the children first arrived at high altitude in
September, the RV measurements and the eNO levels showed
significant high values despite the fact that all the children were
on inhaled steroids and their asthma was well controlled. As
previously indicated, asthma control is often inappropriately
used to define asthma severity [11]: our study population pre-
sented a well-controlled asthma, being on steroid treatment.
Despite asthma control being achieved, the RV and eNO high
levels for September confirmed that our patients presented
indeed moderate to severe asthma.

Our results support the use of lung volume measurements and
the evaluation of RV at least in moderate to severe asthmatic
children also when there is a normal FEV/VC ratio. RV values
may be significantly elevated even in apparently well-controlled
asthmatics, secondary to inflammation, goblet cell metaplasia
and/or narrowing due to collagen deposition and peribronchial
fibrosis that may be present in the distal airways of asthmatics
[2, 27-29]. These modifications, probably present even in early
asthma and in childhood [30], may be sufficient to cause an
increase of expiratory flow limitation and airway closure and,
if unresolved during the early phase of the disease, to lead to the
loss of elastic recoil characteristic of severe asthma.

In conclusion, in the present study at high altitude the pro-
longed allergen avoidance led to an increase of the airway caliber
and to a parallel reduction of inflammation with a significant
decrease, respectively, of RV and eNO. These data further
support the importance of an effective allergen-avoidance
programme in the treatment of HDM-sensitive asthmatic chil-
dren. Because the presence of air trapping may represent a
major risk factor for severe, life-threatening asthma in children,
it is recommended to verify the lung volumes in moderate to
severe asthmatics. The changes in lung volumes should be par-
ticularly evaluated when assessing the effectiveness of a long-
term anti-inflammatory therapy or of an allergen avoidance
programme.

References

—_

Busse W. Inflammation and asthma: the cornerstone of the

disease and target of therapy. J Allergy Clin Immunol 1998; 102:

S17-22.

2 Bousquet J, Jeffery PK, Busse W, Johnson M, Vignola A. Asthma

from bronchoconstriction to airway inflammation and remodelling.

Am J Respir Crit Care Med 2000; 161:1720-45.

Gibson GJ. Clinical Tests of Respiratory Function. London:

Chapman & Hall, 1996.

4 Stanescu D. Small airways obstruction syndrome. Chest 1999;

116:231.

Liu AH, Brugman SM, Schaeffer EB, Irvin CG. Reduced lung

elasticity may characterize children with severe asthma. Am Rev

Respir Dis 1990; 141:A906.

6 Peroni DG, Boner AL, Vallone G, Antolini I, Warner JO. Effective

allergen avoidance at high altitude reduces allergen-induced

bronchial hyperresponsiveness. Am J Respir Crit Care Med 1994;

149:1442-6.

Boner AL, Niero E, Antolini I, Valletta EA, Gaburro D. Pulmonary

function and bronchial hypereactivity in asthmatic children with

house dust mite allergy during prolonged stay in the Italian Alps.

Ann Allergy 1985; 54:42-5.

Piacentini GL, Martinati L, Mingoni S, Boner AL. Influence of

allergen avoidance on the eosinophil phase of airway inflammation

in children with allergic asthma. J Allergy Clin Immunol 1996;

97:1079-84.

Piacentini GL, Bodini A, Costella S et al. Allergen avoidance is

associated with a fall in exhaled NO in asthmatic children. J Allergy

Clin Immunol 1999; 104:1323-4.

10 Committee on Diagnostic Standards for Nontubercolosis

Respiratory Diseases (American Thoracic Society). Definitions and

classifications of chronic bronchitis, asthma and pulmonary

emphysema. Am Rev Respir Dis 1962; 85 (762):8.

Cockcroft DW, Swystun VA. Asthma control versus asthma

severity. J Allergy Clin Immunol 1996; 98:1016-8.

12 Quanjer PH, Tammeling GJ, Cotes JE et al. Lung volumes and
forced ventilatory flows. Report of the working party,
‘Standardization of lung function tests’. European coal and steel
community. Official statement of the European Respiratory Society.
Eur Respir J 1993; 6 (S16):5-40.

13 American Thoracic Society. Recommendations for standardized
procedures for the online and offline measurements of exhaled lower
respiratory NO and nasal NO in adults and children. Am J Respir
Crit Care Med 1999; 160:2104-17.

14 Platts-Mills TAE, Vervloet D, Thomas WR, Aalberse RC,
Chapman MD. Indoor allergens and asthma: report of the third
international workshop. J Allergy Clin Immunol 1997; 100:S1-23.

15 Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes PJ.
Correlation between exhaled nitric oxide, sputum eosinophils, and
methacholine responsiveness in patients with mild asthma. Thorax
1998; 53:91-5.

16 Baraldi E, Azzolin NM, Zanconato S, Dario C, Zacchello F.
Corticosteroids decrease exhaled NO in children with acute asthma.
J Pediatr 1997; 131:381-5.

17 Kharitonov SA, Yates DH, Chung KF, Barnes PJ. Changes in the
dose of inhaled steroid affect exhaled nitric oxide levels in asthmatic
patients. Eur Respir J 1996; 9:196-201.

18 Pellegrino R, Violante B, Selleri R, Brusasco V. Changes in
residual volume during induced bronchoconstriction in healthy
and asthmatic subjects. Am J Respir Crit Care Med 1994;
150:363-8.

19 Maclntyre D, Boyd G. Site of airflow obstruction in immediate and

late reactions to bronchial challenge with Dermatophagoides

pteronyssinus. Clin Allergy 1983; 13:213-8.

w

W

~

[e<)

=]

1

—

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:850-855



20

2

—_

22

23

24

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:850-855

Pellegrino R, Violante B, Crimi E, Brusasco V. Effects of deep
inhalation during early and late asthmatic reactions to allergen. Am
Rev Respir Dis 1990; 142:822-5.

Ferguson AC. Persisting airway obstruction in asymptomatic
children with asthma with normal peak expiratory flow rates.

J Allergy Clin Immunol 1988; 82:19-22.

Pool JB, Greenough A, Gleeson JGA, Price JF. Persistent lung
hyperinflation in apparently asymptomatic asthmatic children.
Respir Med 1989; 83:433-6.

Kraemer R, Meister B, Schaad UB, Rossi E. Reversibility of lung
function abnormalities in children with perennial asthma. J Pediatr
1983; 102:347.

Woolcock AJ, Read J. Lung volume in exacerbations of asthma. Am
J Med 1966; 41:259-73.

25

26

27

28

29

30

855

Mite avoidance

Zapletal A, Paul T, Samanek M. Pulmonary elasticity in children
and adolescents. J Appl Physiol 1976; 40:953-61.

Aaron SD, Dales RE, Cardinal P. How accurate is spirometry at
predicting restrictive pulmonary impairment? Chest 1999;
115:869-73.

Kraft M. The distal airways: are they important in asthma? Eur
Respir J 1999; 14:1403-17.

Kraft M, Djukanovic R, Wilson S, Holgate ST, Martin RJ.
Lymphocite and eosinophil influx into alveolar tissue in nocturnal
asthma. Am J Respi Crit Care Med 1999; 159:228-34.

Hamid Q, Song Y, Kotsimbos TC. Inflammation of small airways in
asthma. J Allergy Clin Immunol 1997; 100:44-51.

Warner JO, Pohunek P, Marguet C, Roche WR, Clough JB. Issues
in understanding childhood asthma. J Allergy Clin Immunol 2000;
105:S473-6.



