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ABSTRACT: Recommendations for allergen avoidance or allergen reduction mea-
sures play an important part in the treatment of allergic asthmatic patients. The
purpose of this study was to test recently developed air-cleaners with respect to
their capacity to capture airborne allergen particles and to improve clinical para-
meters of asthmatic patients sensitized to aeroallergens.

Forty five allergic asthmatic patients were studied in a double-blind procedure
for 6 months. The patients were divided  into three groups of 15 patients. In Group
1, the intervention consisted of the application of active air-cleaners in living-rooms
and bedrooms. In Group 2, placebo air-cleaners were used in combination with
allergen-impermeable mattress covers. In Group 3, the same intervention was per-
formed as in Group 2 but with active air-cleaners. Allergen levels in mattress and
floor dust were measured before, and 3 and 6 months after the interventions. After
6 months, the air-cleaners were dismantled and the filters were analysed for the
amount of dust collected and allergen content. Immunological and lung function
parameters were measured before, and 3 and 6 months after the interventions.

Considerable amounts of airborne dust and allergenic particles were captured
in the filters of the air-cleaners. Up to the 18.9 g of dust, 4,513 ng of house dust
mite allergen, Der p 1, and 50,000 mU of cat allergen, Fel d 1, (in houses with cats)
were collected by air-cleaners in living-rooms. Only in Group 3 (in which both
active air-cleaners and mattress covers were used) was a small (less than 1 dou-
bling dose) but statistically significant improvement of provocative concentration
of histamine causing a 20% fall in forced expiratory volume in one second (PC20)
observed (from 5.96 to 9.02 mg·mL-1). The amount of dust and house dust mite
allergen collected in the filters was significantly correlated with an improvement
of peak flow variation.

In combination with other allergen avoidance measures, the examined air-clean-
ers can contribute to diminished allergen exposure and improvement of airway
hyperresponsiveness in asthmatic patients.
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Exposure to indoor allergens is an important cause of
allergic reactions in sensitized asthmatic patients [1]. In
up to 80% of sensitized asthmatic children, exposure to
house dust mite (HDM) allergens contributes signifi-
cantly to their clinical problems [2–4]. It has been shown
that significant changes in allergen exposure may influ-
ence airway hyperresponsiveness, which is a principal
feature of asthmatic patients [5, 6]. HDM sensitized
asthmatic children residing for prolonged periods at high
altitude, show clear improvements in airway hyper-
responsiveness [7, 8]. Sensitized asthmatic patients chal-
lenged in hospital with an allergen-containing aerosol
usually develop a bronchial obstructive reaction [9, 10].
When lung function has returned to baseline levels, air-
way hyperresponsiveness often remains increased for
some time, during which patients demonstrate height-
ened responses to nonspecific stimuli, such as cold air,

smoke etc. [9, 11]. Recommendations for allergen avoid-
ance measures, therefore, play an important part in the
treatment of allergic patients [1, 12].

Several allergen avoidance programmes have been
introduced in recent decades [12–14]. Besides the removal
of allergen sources (domestic animals, old mattresses,
old carpets) it has been shown that the introduction of
smooth floor coverings (nontextile), low levels of indoor
air humidity, increased air ventilation, and the applica-
tion of allergen-impermeable mattress and pillow cov-
ers, are measures which can contribute to diminished
exposure to HDM allergens, and which may be accom-
panied by improvement of clinical symptoms [15–17].

A number of studies examining the efficacy of air-
cleaners in houses of asthmatic patients, have been pub-
lished in the last 20 yrs [18–21]. In these studies, small
beneficial effects on peak flow, peak flow variation or



clinical symptoms have been claimed. The relationship
between changes observed in clinical parameters and the
air-cleaners, however, is often questionable, since chan-
ges in allergen exposure were not usually determined
[22].

The development of new air-cleaners, which combine
different filtration techniques with high and constant
capacity of air-filtration and a low turbulence of room
air, has prompted further studies of the contribution of
air-cleaners to allergen avoidance programmes in houses
of allergic and asthmatic patients.

Materials and methods

Patients

Forty five patients with mild asthma, a history of air-
way hyperresponsiveness and a positive intradermal skin
test to at least Dermatophagoides pteronyssinus, were
asked to participate in the study. The patients' clinical
characteristics and sensitization to different aeroaller-
gens are summarized in table 1. In addition to HDM, most
patients were sensitized to other aeroallergens; of the
45 patients, 22 were sensitized to HDM, pollen and pets.
All patients had increased airway hyperresponsiveness
to histamine, as defined by a provocative concentration
of histamine causing a 20% fall in forced expiratory vol-
ume in one second (PC20) ≤32 mg·mL-1. All of the pati-
ents were nonsmokers. Characteristics of the 45 houses
are summarized in table 2. The presence of cats/dogs
in the houses was independent of allergic sensitization
to these animals. The presence of domestic animals was
not related to smooth floor coverings in living-rooms or
in bedrooms.

Although the patients were nonsmokers (exclusion crit-
erion), regular cigarette smoking by co-residents (passive
smoking) occurred in 33% of the 45 houses. The distri-
bution of the domestic characteristics, as mentioned in
table 2, was comparable in the three patient groups.

Eighty percent of the patients used inhaled cortico-
steroids as maintenance therapy. No significant differ-
ences in the use of inhaled steroids were observed between
the three patient groups or during the study. Changes in
use of β-agonists, antihistamines and cromoglycate/ ned-
ocromil were not recorded. All patients gave their writ-
ten informed consent for the study, which was approved
by the Medical Ethics Committee of University Hospital
Groningen.

Study design

The domestic and clinical effects of applying air-fil-
tration equipment and/or allergen-impermeable mattress
and pillow covers in the houses of asthmatic patients
for 6 months were studied in a double-blind, random-
ized manner in three parallel groups of 15 patients each.
The treatment in each group consisted of: Group 1, active
air-cleaners in living-rooms and bedrooms; Group 2,
placebo air cleaners plus mattress and pillow covers; and
Group 3, active air cleaners plus mattress and pillow
covers.

The allocation of the 45 patients into the three groups
was performed with a computer using a minimization
program, with stratification by airway hyperresponsive-
ness (PC20 histamine) and by the type of floor covering
(smooth/textile) in the bedroom. Allocation to Groups
2 and 3 was, therefore, random and comparisons of these
two groups were carried out in a double-blind fashion.

Before and 3 and 6 months after intervention, the pati-
ents visited the out-patient clinic for spirometric evalu-
ation. Venous blood was also collected for measurement
of total serum immunoglobulin E (IgE) and eosinophil
count. Before each visit, patients recorded peak flow
values every morning and evening throughout 1 week.
On the same occasions, dust samples from floors (liv-
ing-room and bedroom) and from the mattress were col-
lected by vacuum-cleaning. The inclusion period lasted
1 year. The months in which the three visits for clini-
cal evaluation occurred (t=0, 3 and 6 months), were sim-
ilar for the three patient groups.

Intervention materials

Air-cleaners from Philips DAP (Groningen, The Neth-
erlands) were used in living-rooms and bedrooms (Model
HR 4320 and HR 4330, respectively). In the air-cleaners,
the air was filtered first by a coarse Pre-filter, followed
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Table 1.  –  Clinical characteristics of the three groups
of asthmatic patients with a positive skin test to at least
HDM

Group 1 Group 2 Group 3

Patients  n 15 15 15
Age  yrs 32 32 33

(18–35) (19–45) (18–45)
Sex  F/M 8/7 10/5 10/5
FEV1 % pred 95 93 93

(69–119) (75–107) (78–124)
PC20 histamine  mg·mL-1 6.06 8.44 7.31

(0.08–32) (0.48–32) (0.15–124)
Positive skin test (HEWS ≥0.7)

HDM alone  n 5 3 3  
HDM + pollen  n 10 10 11
HDM + pets  n 8 9 9
HDM + pets + pollen  n 7 7 8

The values in parentheses are ranges. F: female; M: male;
FEV1: forced expiratory volume in one second; % pred: per-
centage of predicted value; PC20: provocative concentration
producing a 20% fall in FEV1; HDM: house dust mite; HEWS:
histamine equivalent wheal size.

Table 2.  –  Characteristics of the 45 houses (total group
and the three subgroups)

Total Group 1 Group 2 Group 3

Presence of 
domestic animals 15 6 4 5

Cigarette smoking
by co-residents 15 5 6 4

Textile floor 
covering in LR 36 12 12 12

Textile floor 
covering in BR 26 8 9 9

LR: living-rooms; BR: bedrooms.



by a Rota-filter, in which small dust particles were cap-
tured by rotation at high speed. The last filter consist-
ed of a high efficiency particulate air (HEPA)-type filter
(American Society of Heating, Refrigeration and Air con-
dition Equipment (ASHRAE) 95%), filtering 70% of
0.3 µm particles and 95% of 1.0 µm particles. The mod-
els used were prototypes. Placebo air-cleaners could not
be distinguished from active air-cleaners, but they con-
tained no filter devices.

Special allergen-impermeable mattress and pillow-
cases (ACb™; Allergy Control Products Inc., Ridgefield,
USA) were applied to mattresses and pillows in the bed-
rooms of patients of Groups 2 and 3 by a nurse. During
the study, the covers were not removed from mattresses
and pillows.

Spirometry and measurement of airway hyperrespon-
siveness

Lung function (forced expiratory volume in one sec-
ond (FEV1) and vital capacity (VC)) was tested using
a water-sealed spirometer. Nonspecific airway hyper-
responsiveness was measured by stepwise inhalation of
increasing concentrations of histamine solution for 30 s,
until a decrease in FEV1 of 20% or more was observed
[10]. From the fall in FEV1, the PC20 histamine was cal-
culated by linear intrapolation. In five patients without
a histamine threshold after 3 or 6 months, the PC20 his-
tamine was set to 33 mg·mL-1 for analysis of the results.

All medication (except inhaled steroids) was stopped
before the tests: β-agonists and ipratropium bromide 12 h,
and cromoglycate and antihistamines 72 h before the his-
tamine provocation. No patients received oral steroids
or long-acting bronchodilators.

Skin testing and IgE measurements

Before inclusion in the study, patients were subjected
to intracutaneous skin testing with a panel of five com-
mon inhalant allergens (ALK-Benelux, Groningen, The
Netherlands). In addition to D. pteronyssinus, patients
were tested with allergenic extracts from cat, dog, grass
pollen and tree pollen. The results of the skin tests were
expressed in histamine equivalent wheal size (HEWS),
which was calculated by dividing the wheal size obtained
with the allergen extract by the wheal size of a stan-
dard histamine solution. A skin test with a HEWS of
≥0.7 was regarded as positive. At the start of the study,
and after 3 and 6 months, serum total IgE was mea-
sured by Pharmacia-IgE-EIA (Pharmacia Diagnostics,
Sweden).

Collection and extraction of dust samples

At 0, 3 and 6 months, dust samples from floors of
bedrooms and living-rooms were collected by vacuum-
cleaning (type T560, 1100 W, with a double filtering sys-
tem; Philips, The Netherlands); the entire floor area was
sampled and the dust from each room was collected in
separate bags. For each room, the floor area sampled
was recorded. Mattress dust was collected by vacuum-
cleaning the whole mattress, using an appropriate device

(ALK-Benelux, Denmark). Vacuum-cleaning of the mat-
tresses occurred with the mattress covers in place. After
sieving (pore size 0.35 mm), the amount of fine dust
was weighed and a 10% (w/v) extract in 0.01 M NH4HCO3
buffer was obtained by overnight rotation at 4°C. The
dust from mattresses was extracted without sieving. All
extracts were centrifuged and the supernatants stored at
-18°C until measurement of HDM allergen and cat aller-
gen was carried out.

Recovery of dust from air-cleaner filters

At the end of the study, the air-cleaners were disman-
tled and the filters were analysed with regard to the
amount of dust collected, and the HDM allergen Der p
1, and cat allergen, Fel d 1, content. The Rota and
HEPA-type filters were extracted with 600 mL 0.01 M
NH4HCO3 buffer. The extracts were freeze-dried and
stored at -20°C. Before use, the freeze-dried material
was reconstituted at a concentration of 50 mg·mL-1 in
a phosphate buffered saline solution (pH 7.4), contain-
ing 2% bovine serum albumin (BSA). Dust from Pre-
filters was collected by vacuum-cleaning and extracted
in the same way as mattress dust samples.

Detection of HDM and cat allergens in dust extracts

The HDM allergen, Der p 1, and the cat allergen, Fel
d 1, were measured as described previously [6]. Briefly,
monoclonal antibodies to Der p 1 and Fel d 1 were cou-
pled to microtitre plates (Greiner, Germany) by incuba-
tion of the wells with an appropriate dilution of the
monoclonal antibody overnight at 4°C. After washing
the wells, the dust extracts were added to the wells in
an appropriate dilution and incubated for 2 h at room
temperature. The wells were washed and then incub-
ated for 3 h with IgE positive pool sera (radioallergo-
sorbent test (RAST) class ≥4), which consisted of 25
sera of HDM allergic or cat allergic patients. The amount
of human IgE bound to the allergen immobilized to the
solid phase was then measured according to the instruc-
tions for the Phadezym-RAST kit (Pharmacia Diagnos-
tics, Uppsala, Sweden). Reference house dust extracts,
which were calibrated for the content of Der p 1 and Fel
d 1 were used in serial dilutions for calculation of the
allergen content in dust samples.

Statistical analysis

Statistical analysis was performed with the Statisti-
cal Package for the Social Sciences (SPSS)-package for
PCs (SPSS Inc., Chicago, USA). Differences between
groups were analysed by Student's t-test if the data were
distributed normally (as measured by the Kolmogorov-
Smirnov test). When the data were not distributed nor-
mally, they were log-transformed and the results were
expressed as geometric means. Otherwise, differences
were analysed by the Wilcoxon nonparametric test. Cor-
relations between variables were expressed by Pearson's
correlation coefficient. Differences with p-values of less
than 0.05 were considered significant. The influence of
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different environmental factors (presence of domestic
animals, type of floor covering, changes in allergen con-
centrations in several dust samples, smoking behaviour,
amount of filter dust captured) and patient characteris-
tics (age, gender, allergic sensitization, FEV1 as % pre-
dicted, use of inhaled steroids, treatment group) on the
changes of airway hyperresponsiveness (∆PC20 hista-
mine) during the study was assessed in a stepwise mul-
tiple linear regression model.

Results

Influence of mattress covers on dust and allergen
recovery

Both the amount of collected dust and the amount of
HDM allergen, Der p 1, diminished significantly in mat-
tresses covered with allergen-impermeable cases, as is
demonstrated in figure 1a and b, respectively.

At the start of the study (baseline level), the amount
of dust collected and Der p 1 concentration were com-
parable (Groups 2 and 3 (with mattress cover) versus
Group 1 (without mattress cover)). The amount of dust

collected and, especially, the total quantity of Der p 1 de-
creased strongly in Groups 2 and 3 (with mattresses cov-
ered) compared to Group 1 (no mattress covers).

Amount of dust captured by the filters

A large variation in the amount of airborne dust col-
lected was found between the different houses as is
shown in table 3. The amount of dust captured in the dif-
ferent filters (or total filter dust) from active air-cleaners
(Groups 1 and 3) was not related to type of floor cov-
ering or to the amount of floor dust collected. In liv-
ing-rooms, 2.42 and 1.91 g of floor dust were collected
before and 6 months after intervention, respectively. For
the bedrooms, the values were 1.32 and 1.08 g dust.

Air turbulence was expected to cause more airborne
dust particles in rooms with smooth coverings. However,
smooth floors contained less dust than textile floor cov-
erings, which may explain why no differences in levels
of airborne dust were found.

Passive smoking of cigarettes clearly influenced the
amount of dust in the HEPA-type filter from air-clean-
ers in living-rooms but not in bedrooms, as is demon-
strated in table 4. It is obvious that the small smoke
particles are preferentially captured by the HEPA-type
filters, whereas the pores of the Pre-filters are too large
to retain these small particles. The effects of smoking
behaviour is only observed in living-rooms, which is in
accordance with the fact that the frequency of cigarette
smoking is generally higher in living-rooms than in bed-
rooms.
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Fig. 1.  –  Changes in: a) amount of mattress dust collected; and b)
concentration of mite allergen, Der p 1, after intervention with aller-
gen-impermeable mattress covers. With mattress covers: Groups 2
and 3; Without mattress covers: Group 1.      : baseline (before inter-
vention);      : after 3 months;     : after 6 months. Geometric mean
values are presented. *: p<0.05; **: p<0.01; +: p<0.001, all compared
with baseline (Student's t-test).

Table 3.  –  Total amounts of house dust and house
dust mite allergen, Der p 1 captured in the different fil-
ters of active air-cleaners (Group 1 and 3) from living-
rooms (LR) and bedrooms (BR)

Mean Min Max
Dust Der p 1 Dust Der p 1 Dust Der p 1

g ng g ng g ng

Pre-filter LR 1.91 520 0.33 2 7.14 4180
BR 1.19 490 0.91 1 5.10 2423

Rota-filter LR 0.74 87 0.10 1 1.76 351
BR 0.83 63 0.15 1 1.93 138

HEPA-filter LR 4.99 55 0.70 <1 13.20 186
BR 2.14 50 0.72 <1 6.28 155

Total LR 6.77 511 1.04 3 18.95 4513
BR 2.39 485 0.91 2 13.82 2670

HEPA: high efficiency particulate air.

Table 4.  –  Effect of smoking pattern on the amount of
dust collected in filters from air-cleaners in living rooms
(LR) and bedrooms (BR)

Smoking No smoking p-values
(n=15) (n=30)

Pre-filter LR 3.45±0.39 2.46±0.37 NS

Pre-filter BR 1.77±0.41 1.67±0.25 NS

HEPA-filter LR 8.17±0.91 3.40±0.514 p<0.001
HEPA-filter BR 2.38±0.98 2.01±0.15 NS

All filters LR 11.85±0.89 7.08±1.16 p<0.05
All filters BR 3.26±1.28 3.04±0.31 NS

Values are presented as mean±SEM. HEPA: high efficiency
particulate air; NS: nonsignificant.



Unexpectedly, the placebo air-cleaners also captured
dust and allergens because of the presence of a coarse end-
filter, which was added in order to prevent unblinding
of patients and investigators. Eight of these end-filters
of the placebo air-cleaners were available for analysis;
the amount of dust captured in end-filters from air-clean-
ers in living-rooms was 3.17 g (mean), and in bedrooms
was 2.12 g.

Amount of allergens captured by the filters

HDM allergen, Der p 1, was captured in reason-
able amounts by the filters as is shown in table 3. Most
Der p 1 was found in the coarse Pre-filter, followed by
smaller quantities in the Rota-filter. In 30% of the extracts
of the HEPA-type filters, no HDM allergen could be
detected, whereas all Pre- and Rota-filters contained de-
tectable levels of the HDM allergen, Der p 1.

The concentration of Der p 1 in floor dust was not
related to the amount of filter-captured HDM allergen.
In living-rooms, the concentration of Der p 1 in floor
dust was 797 and 420 ng·g-1 (geometric means) for t=0
and t=6 months, respectively (p<0.01), whereas the con-
centration was 1,122 and 739 ng·g-1 for bedrooms (t=0
and t=6 months, respectively; p<0.01). No differences be-
tween the three groups were observed. The coarse end-
filters of eight sham air-cleaners contained an average
of 390 and 285 ng Der p 1 for living-rooms and bed-
rooms, respectively.

Cat allergen could be detected in all filter classes when
cats were present. In the 10 houses with cats, all HEPA-
type filters contained cat allergen, Fel d 1 (range 5,352–
48,690 mU in living-rooms and 1,000–33,840 mU in
bedrooms). In the houses without cats, the amount of cat
allergen, Fel d 1, in the HEPA-type filters varied from
undetectable (in 40% of the rooms) to 5,081 mU in liv-
ing-rooms, and from undetectable (36% of the rooms)
to 1,562 mU in bedrooms. In Pre-filters and Rota-fil-
ters, similar differences in the amount of cat allergen,
Fel d 1, captured were observed as in HEPA-type fil-
ters, again depending on the presence of cats.

Changes in airway hyperresponsiveness (PC20 hista-
mine) during the study

In the total group of patients, a statistically signific-
ant improvement of airway hyperresponsiveness (high-
er PC20 histamine) was found after 6 months, as is shown
in figure 2. However, the improvement was less than 1
doubling dose. When analysed by group, this improve-
ment of PC20 histamine was found only in Group 3, the
group with active air-cleaners in their houses and aller-
gen-impermeable mattress and pillow covers in the bed-
room, whereas a trend to improvement was observed in
Group 2, with mattress covers but placebo air-cleaners.

Multiple regression analysis was performed to study
the factors that contributed significantly to the occurr-
ence of the improvement of airway hyperresponsiveness
between the first and third measurement. From this ana-
lysis, it appeared that 32% of the variance of the change
in airway hyperresponsiveness (PC20 histamine) between
0 and 6 months could be explained by the following
four variables: treatment group (β=0.4039; p=0.005); ∆Der

p 1 in mattress dust between 0 and 6 months (β=0.4976;
p=0.002); floor covering in living-room (β=-0.3393;
p=0.014); and presence of cats/dogs (β=0.3661; p=0.020).

It can be concluded that most improvement of PC20
histamine was found in patients who: were included in
Group 3; had textile floor covering in the living-room;
possessed domestic animals; and experienced the largest
decrease in concentration of HDM allergen, Der p 1, in
mattress dust. Changes in PC20 histamine were not influ-
enced by the use of inhaled steroids. Evaluation of eff-
ects of air-filtration on clinical variables due to exposure
to cat allergen was not possible because only four patients
who were sensitized to cats did, in fact, own a cat. In
addition, these four patients were also highly sensitized
to HDM allergens, and two of the four patients were
also sensitized to grass pollen.

Changes in peak flow and peak flow variation during
the study

Morning and evening peak flow values did not change
significantly during the study. On all occasions and in
all three groups, the morning peak flow value was sig-
nificantly lower than the evening value. Peak flow vari-
ation (the difference between peak flow value in the
morning and peak flow value in the evening) showed a
trend to lower values in Groups 2 and 3 but the differ-
ences were not statistically significant. The observed
variations in peak flow were rather small (5.0 and 4.6%
during the first and the third measurement, respective-
ly), and fell within the range for healthy individuals.
Additional analysis of the changes of peak flow varia-
tion between 0 and 6 months showed that a decrease in
peak flow variation was significantly correlated with:
the amount of dust collected in Pre-filters from air-clean-
ers in living-rooms (r=0.431; p=0.005); the total amount
of dust captured in the three filters from the air-cleaners
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Fig. 2.  –  Changes in airway hyperresponsiveness (PC20 histamine)
after intervention with air-cleaners and/or allergen-impermeable mat-
tress covers. Group 1: active air-cleaners only; Group 2: allergen-
impermeable mattress covers and placebo air-cleaners; Group 3;
allergen-impermeable mattress covers and active air-cleaners.     :
baseline (before intervention);     : after 3 months;     : after 6
months. Geometric mean values are presented on a logarithmic scale.
PC20: provocative concentration producing a 20% fall in forced expi-
ratory volume in one second. *: p<0.05, compared with baseline
(Wilcoxon test).



in living-rooms (r=0.356; p=0.017); and the amount of
HDM allergen, Der p 1, captured in the Pre-filters (r=
0.292; p=0.047).

Changes in immunological parameters

In the group of patients as a whole, the number of
eosinophils in peripheral blood decreased significantly
after 3 months, as is demonstrated in table 5.

In Group 2 (allergen-impermeable mattress covers and
sham air-cleaners) and in Group 3 (allergen-imperme-
able mattress covers and active air-cleaners) a tendency
to lower numbers of eosinophils was found after the
intervention. The changes, however, were not statisti-
cally significant. Serum total IgE showed a decrease
only in Group 2 (baseline level 354 kU·L-1 (geometric
mean), and after 6 months 282 kU·L-1; p=0.002); where-
as, no statistically significant differences were observed
in Groups 1 and 3 or in the total group of patients.

The changes observed could not be explained by dif-
ferences in use of inhaled steroids.

Discussion

Asthma is a common disease worldwide. In many
asthmatic patients, sensitization to aeroallergens con-
tributes significantly to their clinical problems, and there
is growing evidence that the prevalence of asthma is
increasing [1, 23, 24]. It is generally accepted that rec-
ommendations for allergen avoidance play an important
role in the treatment of these patients [1, 12]. Of the
allergen reduction measures available, the application of
special mattress covers has been shown to be effective
in reducing the exposure to HDM allergens from mat-
tress dust in several studies [16, 17, 25]. In an Australian
study, however, no long lasting (>4 weeks) effect of
mattress covers on the level of the HDM allergen, Der
p 1, in mattress dust was found and no clinical effects
were observed [26]. In contrast, a study by EHNERT et
al. [17] in Germany showed a considerable improve-
ment in airway hyperresponsiveness. An important dif-
ference between these two studies was the age of the
participating patients: children almost exclusively sen-
sitized to house dust mites were studied in the German
report, whereas adult patients with allergic sensitization
to many inhalant allergens took part in the Australian
study. In the latter, exposure to allergens other than
house dust mites may have interfered with clinical im-
provements expected from HDM allergen reduction mea-
sures.

In the present study, the application of allergen-imper-
meable mattress and pillow covers in the bedrooms of

patients had an obvious effect on the level of the HDM
allergen, Der p 1, in mattress dust, showing a substan-
tial decrease in the concentration of this allergen (fig.
1b). A small (less than 1 doubling dose) but statisti-
cally significant improvement of airway hyperrespon-
siveness was observed after 6 months only in the group
of patients where, in addition to mattress covers, active
air-cleaners were also employed (fig. 2), suggesting that
the combination of different allergen reduction meas-
ures was more effective than each single measure alone.
In this study, we were unable to show a significant cli-
nical effect of allergen-impermeable mattress covers
alone.

The air cleaners in the present study clearly showed
the capacity to capture substantial amounts of airborne
dust particles and airborne allergens (tables 3 and 5). Both
HDM allergen, Der p 1, and cat allergen, Fel d 1, could
easily be detected in Pre-filters and Rota-filters. When
cats were present in the house, cat allergen, Fel d 1, was
always found in the HEPA-type filters, whereas the pres-
ence of the HDM allergen, Der p 1, in these HEPA-type
filters was less frequent. The fact that cat allergen is
bound to smaller dust particles than HDM allergens may
be responsible for the differences observed in filter dis-
tribution of these allergens. It was not possible to demon-
strate clinical improvement due to removal of airborne
cat allergens because of the low number (n=4) of patients
with cats who were also cat allergic.

This is one of the first reports demonstrating definite
amounts of dust and allergen particles captured by high
efficiency air-cleaners. The fact that the placebo (sham)
air-cleaners also captured dust and allergen particles has
probably reduced differences between active and placebo
air-cleaners in this study. The noise produced by the
counters may have been responsible for the observation
that many air-cleaners were not maximally operative
during the study, which may also have reduced the effect
of this intervention.

The number of studies in which environmental and
clinical effects of application of air-cleaners has been
investigated is limited and they show inconsistent res-
ults [18–21]. A clear relationship between reduction of
clinical parameters of asthma and the use of air-clean-
ers is absent. In these studies, patient selection is often
imprecise, whereas in other studies objective clinical
parameters were not measured [22].

It is also clear that the application of air-cleaners alone
will not be sufficient for effective reduction of expo-
sure to indoor allergens, which is probably true, how-
ever, for most allergen avoidance measures [26–28]. In
allergic asthmatic patients with a broad sensitization to
inhalant allergens, a combination of different allergen
reduction measures is generally necessary to obtain opti-
mal improvement of clinical symptoms or airway para-
meters (PC20 histamine, peak flow variation, medication
requirement). The observation that the air-cleaners stud-
ied clearly captured relevant indoor allergens and con-
tributed to a small but significant improvement of airway
hyperresponsiveness and decrease of peak flow varia-
tion, indicates the need for further studies to investigate
optimal conditions, in which such air-cleaners can help
to reduce exposure to inhalant indoor allergens in such
a way that allergic and asthmatic patients may obtain
maximal clinical benefit [29].
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Table 5.  –  Changes in number of eosinophils in peri-
pheral blood during the study, after different interventions

Eosinophils  cells·µL-1

Total Group 1 Group 2 Group 3

Baseline 307 303 229 368
After 3 months 248+ 285 150# 294
After 6 months 275 349 145‡ 317
+: p=0.016 compared with basal level; #: p=0.048 compared
with Group 1 and 0.022 with Group 3; ‡: p=0.032 compared
with Group 1 and 0.0014 with Group 3.
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