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This double-blind, placebo-controlled study investigated whether the
application of an acaricide (Acarosati®) on mattresses atid oti textile floor
coverings in living rooms and bedrooms eaii contribute to itnprovetiient iti
lung function and airway hyperresponsiveness in 40 adult asthtnatic patietits
sensitized to house-dusl mite. In a second group of 19 patients who refused
chemical intervetition, the clinical effects of application of allergen-
itnpermeable mattress eneasings were studied. In all three treatment groups,
Der p 1 levels in mattress dust were statistically significantly decreased after
12 months. However, this decrease was tnueh greater in the group who
received mattress encasitigs (final mean level 430 ng/g) than in groups with
aearicide- or plaeebo-treated tnattresses (final tnean levels 1730̂  and
2100 ng/g, respectively). Treattnent of textile floors with either Aearosan or
plaeebo ehetnieal caused a statistically significant decrease in the level of the
house-dust-mite allergen Der p 1 in floor dust. In the group with tnattress
encasings, no significant changes of floor dust Der p 1 were found. Airway
hyperresponsivetiess (as tneasured by the PCjo histatnine) improved
significantly in the tnattress cover group after 6 months. Tlie Aearosan group
also showed a stnall but statistically significant improvetnent after 12 months.
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Exposure to indoor allergens is an important cause
of allergic reactions in sensitized asthmatic patients
(1, 2). A significant reduction of indoor allergen
exposure may lead to improvement in the clinical
symptoms of these patients (3-5). As a means to
reduce exposure to indoor allergens, several allergen-
avoidance measures have been developed in recent
years, including allergen-impermeable mattress en-
casings, smooth (nontextile-covered) floors, appli-
cation of acaricides (agents capable of killing house-
dust mites [HDM]), increased air ventilation, and
reduction of indoor humidity (5-7). However, the
clinical relevance of the different interventions is not
always clear (1). Clinical improvements after appli-
cation of acaricides in the homes of HDM-allergic
patients have been tnodest or absent (8-12).
Although the application of allergen-impermeable
mattress encasings seems more effective in redu-
cing the exposure to HDM allergens than the use
of acaricides (12-15), the observed improvements

in clinical parameters are still moderate (9, 11, 12)
and short-lived (11).

This study investigated the effects of apphcation
of an acaricide (Aearosan®) on mattresses and
textile floor coverings in the homes of asthmatic
patients sensitized to HDM. Allergen levels in
floor dust and mattress dust were tneasured, and
pulmonary and immunologic parameters were
studied in these patients. In a second group of
patients who refused chemical intervention in their
homes, the clinical efficacy of the application
of allergen-impermeable mattress encasings was
studied.

Material and methods
Patients

Fifty-nine patients with a history of asthma and
nonspecific airway hyperreactivity were selected
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from the outpatient clinics of allergology and
pulmonology. All patients were sensitized to HDM
{Dermatophagoides pteronyssinus). Sensitization to
other airborne allergens (tree pollen, grass pollen,
and cat and dog dander) was also recorded. All
patients showed nonspecific airway hyperrespon-
siveness, as measured by a histamine threshold of
<32 mg/ml, by the 30-s inhalation procedure (16).
All patients gave their written informed consent,
and the study was approved by the medical ethical
committee of University Hospital Groningen.

Study protocol

The effects of applying Acarosan (benzyl benzoate
plus detergent) on mattresses and textile floor cover-
ings were studied in a double-blinded, placebo-
controlled manner (the Acaricide^ group indicating
those receiving Acarosan and the Acaricide" group
indicating those receiving the placebo chemical).
Patients who refused to participate in this study
were offered allergen-impermeable mattress and
pillow encasings (Mattress-encasing group). The
patients visited the outpatient clinic for spirometry
and determination of airway hyperresponsiveness
(PC20 histamine) before and 6 and 12 months after
the intervention. Venous blood was also collected
for measurement of total serum IgE and eosinophil
count. Before the interventions and after 3, 6, and
12 months, dust samples from floors (living room
and bedroom) and from mattresses were collected
by vacuum-cleaning.

Interventions

Textile floors were treated with Acarosan pow-
der (Werner & Mertz, Mainz, Germany) or with
the detergent Sapur® (Henkel BV, Nieuwegein,
The Netherlands) according to the instructions of
the manufacturers. Mattresses were treated with
Acarosan foam or with the detergent Groupriem®
(AFA BV, Meppel, Tlie Netherlands). Both
placebo treatments (Sapur and Groupriem) were
chosen because of their resemblance to Acarosan.
All chemical intervention materials were packaged
and coded by an independent laboratory worker to
prevent unblinding of the study. The chemical
interventions were carried out at the start of the
study and repeated after 6 months. Nontextile
floors were not treated.

In the group of patients who refused chemical
intervention, mattresses and pillows were encased
with Intervent encasings (WL Gore & Accociates,
Surrey, UK) at the start of the study (Mattress
encasing group).

No special cleaning instructions for floors or
mattresses were given to the patients.

Collection and extraction of house dust

Before the interventions and after 3, 6, and 12
months, dust samples from floors of bedroorns and
living rooms and mattresses were collected with a
vacuum cleaner (Philips, The Netherlands; type
T560, 1100 W, with a double-filtering system). The
vacuum-cleaning of the floors after 6 months in
the groups with chemical intervention was carried
out at least 2 weeks after the second chemical
intervention. The entire floor area was sampled
and the dust from each room was collected in
separate bags. 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 (pH=7.4)
was obtained by overnight rotation at 4°C. Mattress
dust was collected by vacuum-cleaning the whole
mattress with a special filter device (ALK,
Horsholm, Denmark). The encased mattresses
were vacuum-cleaned with the mattress encasings
in situ. Dust from mattresses was extracted without
sieving. All extracts were centrifuged and the
supernatants stored at -20°C until measurement of
HDM allergen.

Detection of HDM allergens

HDM allergen Der p 1 was measured as described
previously (17). Briefly, monoclonal antibodies to
Der p 1 were bound to CNBr-activated paper disks.
The dust extracts were incubated in an appropriate
dilution with the antibody-coated disks for 2 h at
room temperature. Afterward, the disks were incu-
bated for 3 h with a pool serum which consisted of
the sera of 25 HDM-allergic patients (RAST class
> 4). The amount of human IgE bound to the disk
complex was then measured according to the in-
structions for the Phadezyin RAST kit (Pharmacia
Diagnostics, Uppsala, Sweden). A reference HDM
extract, which was calibrated for content of Der
p 1 with the WHO/IUIS D. pteronyssinus NIBSC
82/518 standard, was used in serial dilutions for
calculation of the allergen content of the house-
dust samples.

Spirometry and measurement of airway
hyperresponsiveness

Lung function (FEVj and VC) was determined
with a water-sealed spirometer. Nonspecific airway
hyperresponsiveness was measured by stepwise
inhalation of increasing concentrations of hista-
mine solution for 30 s until a decrease in FEVj of
20% or more was observed (16). From the fall in
FEV], the histamine concentration causing a 20%
decrease in FEV, was calculated by linear intra-
polation (PC20 histamine). All medication (except
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inhaled steroids) was stopped before the tests:
P-agonists and ipratropium bromide for 12 h,
cromoglycate and antihistamines for 72 h. No
patients received astemizole, oral steroids, or long-
acting bronchodilators.

Skin testing and IgE measurements

Before inclusion in the study, patients underwent
intracutaneous skin testing with a panel of common
inhalant allergens (ALK-Benelux, Groningen, The
Netherlands), as described previously (18). Aside
from D. pteronyssimis, patients were tested with
allergenie extracts from cat, dog, grass pollen, and
tree pollen. The results of the skin tests were ex-
pressed 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 standard histamine solution (19). A skin
test with a HEWS of > 0.7 was regarded as positive.
At the start of the study, after 6 months, and after 12
months, serum total IgE was measured by Pharmacia
IgE-EIA (Pharmacia Diagnostics, Sweden).

Statistics

Statistical analyses were performed with the SPSS
software package for PC (SPSS Inc., Chicago, IL,
USA). Before analysis, data of PCjo histamine and
allergen levels were log transformed to normalize
distributions. Results of PCjo histamine were ex-
pressed as l̂og units because these reflect doubling
doses. Differences were detected by Student's t-
test. P values (two-tailed) less than 5% were
considered statistieally significant.

Results
Patient characteristics

Patient characteristics at the start of the study are
summarized in Table 1.

Textile floor covering was less often present in
the bedrooms of the Mattress encasing group. The
other characteristics were similar for the three
groups. The degree of allergic sensitization (per-
centage of patients with a positive skin test) to the
main inhalant allergens (HDM, grass pollen, tree
pollen, and domestic animals), was also compara-
ble for the three patient groups.

Five patients were sensitized to HDM allergens
only. Tlie other patients were multiply sensitized.
Most patients (75%) used inhaled steroids for
maintenance therapy (Table 1), and this medication
did not change during the study.

Of the 59 patients, 36 were not exposed to
tobacco smoke in their homes, 13 were exposed
to tobacco smoke only from coresidents, and 10
themselves smoked.

Effects of allergen-avoidance measures on Der p I
levels in mattress dust

At the start of the study, the concentrations of Der
p 1 in mattress dust were comparable in the groups
in which the mattresses were treated with Acarosan
(Acaricide^) or placebo detergent (Acaricide"), as
shown in Fig. 1. In the Mattress encasing group, the
Der p 1 concentration in mattress dust before
the intervention was significantly lower than in the
other two groups. Despite this lower initial Der p
1 concentration, the greatest decrease of Der p 1
in mattress dust was found after apphcation of
mattress encasings. Treatment of mattresses with
chemicals (Acaricide^ and Acaricide") also showed
a statistically significant reduction of Der p 1. For
the placebo treatment, this reduction became signi-
ficant only after the second application of the
detergent (Acaricide", after 6 months). Although
the Der p 1 concentration in mattress dust showed
a statistically significant decrease in both groups with
chemical intervention (Acaricide"" and Acaricide"),
the Der p 1 concentration after 1 year was still
about 2000 ng/g, while encasing the mattresses with

Table 1, Characteristics of three patient groups. Results are presented as means and SD (age. FEV, %pred) or as geometric means and 95% Ci (PCjj histamine. totai IgE)

*Age (years)

*FEV, %pred

*PC2(, histamine (mg/ml)

*Serum total IgE (U/ml)

"Female (%)

*Patients (%) using inhalation steroids

"Smoke exposure (%)#

*Domestic animals (%)

"Textile floor covering in bedrooms (%)

Acaricide"'"

31.5 (8.8)

88.7 (13.6)

1.97 (1.22-3.16)

288(187-454)

66
81
48
43
77

Acaricide

30.1 (7.2)

89.4 (13.3)

2.23 (1.19-4.15)

499(251-998)

47
79
37
58
89

Mattress encasing

32.3 (5.8)

92.4 (12.8)

3.87 (2.24-6.62)

186(100-351)

68
74
32
58
52*

In parentheses: SD or 95% CI; •#smoking by patients and/or their coresidents. *P<0.05 compared with Acaricide^ and Acaricide~
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Fig. 1. Changes of Der p t levels in mattress dust after allergen-avoidance measures. Chemical intervention on mattresses
with acaricide (Acaricide*) or placebo detergent (Acaricide") was carried out at ?=0 and i=6 months (see arrows). Mattress
encasings were applied at t=Q months. * and **: P<0.05 and <0.0t, respectively, compared to before. # P<0.05 compared to both
other groups.

Special covers resulted in a reduction of Der p 1 to
200 ng/g.

Effects of allergen-avoidance measures on Der p 1
levels in floor dust

Der p 1 levels in floor dust decreased in the two
groups in which the textile floor covering was
treated with either Acarosan (Acaricide"^) or with
placebo detergent (Acaricide ), as shown in Fig. 2
(living rooms and bedrooms, respectively). In the
Mattress encasing group (in which only mattress
encasings were used), no significant changes of Der
p 1 in floor dust were observed in living rooms and
bedrooms. Before the interventions, the Mattress
encasing group showed a trend to lower Der p 1
levels in floor dust in both living room and bed-
room than in the chemically treated floors {P<
0.05 with Acaricide" in both rooms, P=0.090 with
Acaricide"^ in bedrooms). This was probably due
to the lower percentage of textile floor covering in
the mattress encasing group (Table 1). The non-
significant trend to lower Der p 1 concentrations
in floor dust in living rooms may have been due to
a placebo effect", a change in cleaning pattern due
to participation in a study.

Patients who used inhaled eortieosteroids had
significantly higher concentrations of Der p 1 in
floor dust at the start of the study than patients not
treated with inhaled steroids (living rooms: 1604 vs
482 ng/g, f=0.012; bedrooms: 1598 vs 687 ng/g,
P=0.037).

Effects of allergen-avoidance measures on lung
function and PC20 histamine

Before and after the interventions, no significant
changes in lung function (FEV, and VC) were
found within or between the groups. Airway hyper-
responsiveness, however, decreased significantly
(higher PC20 histamine) in the Acaricide"*^ group
and in the Mattress encasing group (Fig. 3). A trend
to improvement in airway hyperresponsiveness was
found in the placebo chemical group Acaricide"
(P=0.09 at f=12 months). Although the Mattress
encasing group started with less severe airway
hyperresponsiveness (higher initial PC2Q hista-
mine [before: /'=0.066, compared with before
value of the other groups]), a significant improve-
ment was still found in this group after 6 and 12
months. However, the observed changes in PC20
histamine were small (less than one doubling
dose).

Changes in serum total IgE and skin reaction to
HDM allergens

In all three groups, no statistically significant
changes in serum total IgE were found. At the
start of the study, however, the mattress encasing
group had a significantly lower serum total IgE
than the group with placebo chemical intervention
(182 kU/1 in the Mattress encasing group vs 501
kU/1 in the Acaricide" group, P=0.Q46). The lower
IgE level in the Mattress encasing group fits with
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Fig. 2. Changes of Der p 1 levels in floor dust of living rooms
(A) and bedrooms (B) after allergen-avoidance measures.
Chemical intervention on textile floors with acarieide (Aeari-
cide*) or placebo detergent (Acaricide") was carried out at / = 0
and t=6 months (see arrows). In mattress eneasing group, floors
were not treated (mattress encasings were applied at t=Q
months. * and **: P<0.05 and <0.01, respectively, eompared to
before. # P<0.05 with Acaricide" (before).

the lower level of airway hyperresponsiveness in
this group and lower exposure to HDM allergens.

In patients who used inhaled steroids, the serum
total IgE concentration before the study was signi-
ficantly higher than for patients without inhaled
steroids (359 vs 162 kU/1, f=0.049).

During the study, the skin reaction to HDM
allergens (as expressed in HEWS) did not change
within or between the patient groups. However, as
was also found for serum total IgE, the initial skin
reaction to HDM allergens was significantly higher
in patients using inhaled steroids than in patients
without steroids (1.32 vs 1.19, 7^=0.044).

Discussion
Allergen-avoidance measures are often recom-
mende,d for allergic asthmatic patients. In this
study, which was partly double-blind and placebo-

controlled, it was shown that application of
allergen-impermeable mattress encasings in bed-
rooms of HDM-allergic asthmatic patients did
contribute to a statistically significant (small)
improvement of airway hyperresponsiveness. In
the group of patients for whom mattresses and
textile floor coverings were treated with an acari-
cide, airway hyperresponsiveness also improved
but to a lesser extent and only after two appli-
cations of the HDM killing agent (Fig. 3).

The use of acaricides in the struggle against
exposure to HDM allergens is still controversial
(20-22). In general, the observed clinical efficacy
is low or absent. Tlie application of the chemical is
time-consuming and should be repeated 2-4 times
a year. Furthermore, as was also found in the
present study, the residual HDM-allergen levels in
mattress dust after two applications of the acaricide
were still substantial (about 2000 ng/g in the
present study) (10, 22). Moreover, many patients
refused chemical intervention in their homes.
Therefore, the use of acaricides seems to be res-
tricted to particular locations other than mattresses
iti which better exposure-reduction measures can-
not be applied.

In most studies, the application of mattress
encasings clearly showed a substantial decrease in
exposure to HDM allergens from mattresses (9,14,
15). However, in Sydney, Australia, where levels of
HDM allergens in mattress dust are exceptionally
high, the effects of application of mattress encas-
ings on Der p 1 levels in mattress dust were limited
and short-hved (11). Moreover, mattress encasings
reduce exposure only to HDM allergens from
mattresses, whereas exposure to HDM allergens in
other locations is not influenced.

In the present study, the observed changes in
airway hyperresponsiveness after intervention with
mattress encasings were small (about one doubling
dose or less) when compared with the 4.5-fold
improvement found in a German study of similar
allergen-avoidance measures (9). The latter studied
asthmatic children sensitized to HDM who had
high levels of Der p 1 allergen in their mattress
dust. Information about their medication and aller-
gen sensitization pattern was absent. In the present
study, 78% of the adult patients used inhaled
corticosteroids as maintenance therapy, and most
patients (92%) were sensitized to several inhalant
allergens other than HDM.

Patients with inhaled steroids were exposed
to higher levels of HDM allergen Der p 1 in floor
dust from living rooms and bedrootns and had a
higher serum total IgE level and skin reaction to
HDM allergens. Tliese results suggest that patients
with inhaled steroids were the more severe asth-
matic patients with a higher level of allergenic
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Fig. 3. Changes of airway hyperresponsiveness (PCjf, histamine) after allergen-avoidance measures. Chemical intervention on
textile floors and mattresses with acaricide (Acaricide*) or placebo detergent (Acaricide") was carried out at /=0 and t = 6 months
(see arrows). Measurement of PC2(, histamine after 6 months was performed after second intervention, tn mattress encasing group,
mattress encasings were applied at t=0 months. * and **: P<0.05 and <0.0t, respectively, compared to before.

sensitization. However, because of their steroid
medication, their lung function and airway hyper-
responsiveness were not different from those of
patients without steroids. Furthermore, because
of the improvement of airway hyperresponsiveness
by the inhaled steroids, the scope for additional
improvement by allergen-avoidance measures is
limited.

The small improvement of airway hyperrespon-
siveness in the present study corresponds with the
results of a recent study by Carswell et al. in which
a large reduction of exposure to HDM allergens
from mattresses by application of mattress en-
casings (and an acaricide) was accompanied by a
moderate improvement of airway hyperresponsive-
ness in asthmatic children sensitized to HDM
among other allergens (12). The relationship be-
tween reduction in HDM-allergen exposure and
reduction in airway hyperresponsiveness was
assessed by Marks et al., who found that a fivefold
reduction of Der p 1 concentrations simultaneously
in the bed, the bedroom floor, and the living-room
floor, was needed for a 1.9-fold increase in PD20
histamine (24). A similar but weaker relationship
was found by Custovic et al. (25). In the present
study, the observed change in PC20 histamine in
the group with mattress encasings was smaller,
probably because only the mattresses were treated
without affecting textile floors in living rooms and
bedrooms. Sensitization to additional airborne
allergens (other than HDM) and exposure to these
allergens may be an important factor that interferes

with clinical improvements due to allergen-
avoidance measures directed only against HDM.

Allergen-avoidance measures may play an
important role in the treatment of allergic
asthmatic patients (4, 26). Because allergic patients
are often sensitized to HDM, many allergen-
avoidance measures concentrate on reduction of
exposure to these allergens (mattress encasings,
acaricides). However, a considerable number of
allergic patients are sensitized to multiple allergens.
Therefore, a combination of allergen-avoidance
measures which take into account the severity of
the disease, the degree of sensitization of the
patient to the different airborne allergens, and the
local exposure to these allergens should be tailor-
made to the individual allergic patient.
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