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Background: The aim of this double-blind, randomized study was to investigate the
effectiveness of an acaricidal cleaning product in modifving both clinical symptoms and mite
allergen levels over a period of at least 1 year.

Methods: Twenty-six asthmatic patients with proven Dermatophagoides pteronyssinus (Dp)
asthma were selected; three were withdrawn from the trial. The patients’ homes were divided
into two groups, 11 homes were treated with solidified benzyl benzoate and tenside agents (A),
and 12 were treated with a placebo (P). Two applications were performed at the beginning of
the trial and at least 6 months later. Patients were examined 1 month before the trial, at the
beginning of the trial, and every 3 months over a period of 1 year. Indoor mite exposure was
evaluated by three methods: semiquantitative guanine determinations, quantitative guanine
determinations, and the measurement of Der p I + Der f I (antigen P, of Dp + antigen F, of
D. farinae) levels.

Results: The symptom scores established at the beginning of the trial and 12 months later
showed a statistically significant improvement only in the A group (p < 0.01). The visual
analog scale also showed a statistically significant difference both in the A (p < 0.05) and

P groups (p < 0.01). No statistical differences were found between medication scores in the A
or P groups. A statistically significant increase was also observed for forced expiratory volume
in 1 second and maximal expiratory flow rate 25175 in the two groups (p < 0.05 for P group;
p < 0.01 for A group). The mean decreases in Der p I + Der I in patient matiresses berween
the beginning of the trial and after 12 months were 20% for the acaricide group and 17% for
the placebo group, respectively (NS). For house dust samples with origins other than the
patients’ mattresses we found significant decreases in Der p I + Der £ 1 in the A group

(p < 0.01 for carpets and p < 0.05 for upholstery elements). (J ALLERGY CLIN IMMUNOL
1993,91:738-46.)
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bronchial hyperresponsiveness.” * During the last 20
years many attempts have been made to exterminate
breeding mites, remove mite allergens, and prevent
mite infestation. However, conventional dust mite

Rev. fr. Allergol., 1994, 34, 4 : exiraits Presse internationale, 354-362



J ALLERGY CLIN IMMUNOL
VOLUME 91, NUMBER 3

avoidance is difficult to carry out, and the efficacy of
hygienic measures has been equivocal.*® The role of
acaricides in the overall strategy for managing treat-
ment of patients allergic to mites needs to be assessed.
The aim of this study was to investigate the effec-
tiveness of an acaricidal cleaning product (Acarosan;
Wermner & Mertz GmbH, Mainz, Germany) in mod-
ifying both clinical symptoms and mite allergen levels
over a period of at least 1 year.

MATERIAL AND METHODS
Patients

Twenty-six preselected patients attending our outpatient
chest clinic, and ranging in age from 13 to 58 years (mean,
35 *= 14.9 years), were chosen on the basis of the following
criteria:

(1) A definite history of perennial asthma with or without
rhinitis and compatible with house dust mite allergy.

(2) A positive intradermal test after injection of 0.04 ml of
a 107° mg/ml Dermatophagoides pteronyssinus (Dp)
extract (Institut Pasteur, Paris, France)ﬁ details of the
preparation have been previously described.™®

(3) A Phadebas radioallergosorbent test (RAST; Pharmacia
AB, Uppsala, Sweden) for Dp 3 or greater in the Phar-
macia screening system.

(4) An Acarex (Werner & Mertz) value in their mattresses
equal to or greater than + +.

Informed consent was obtained from all patients before the

study.

Study protocol

The patients were divided into two groups by a random-
ization procedure. In a double-blind fashion eleven homes
were treated with Acarosan product and 12 with the placebo.
. All patients were examined by the same physician 1
month before beginning the trial, at the beginning of the
trial, and every 3 months over the course of | year. At each
visit the patients gave their subjective impression of the
severity of their asthma by placing a cross on a 10 cm linear
analog scale from O (severe dyspnea) to 10 cm (no dyspnea).
The following spirometric parameters were measured by a
dry wedge spirometer Autospiro 500 (Minato, Osaka, Ja-
pan): FEV,, FVC, and FEF 25-75. For each visit the patients
had kept a diary during the previous month, recording PEFR
measurements every morning and evening (Mini-Wright
peak flow meter; Clement Clark Int. Ltd., London, England)
to determine a functional score.

Moreover, clinical scores were determined by the phy-
sician at each visit, taking into account the number of asth-
matic episodes. Scores of 0 to 4 were assigned to the periods
of no asthmatic episode, at least one asthmatic episode per
month, per week, per day, respectively.

In the same fashion, a medication score was determined:
- score 0 corresponds to no medication,

- score 1 corresponds to no more than 4 inhalations per day
of B,-agonists or disodium cromoglycate intake or both,

- score 2 corresponds to continuous bronchodilator treatment
with B,-agonists, with or without long-acting theophylline
(twice a day), and beclomethasone dipropionate at a dose
equal to or less than 1000 pg/day,
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TABLE I. Initial clinical and functional data
of the active and the placebo group

Active Placebo

Clinical score m 2.54 2

M 3 2

Cl 1.5 0.4
Drug score m 2.27 1.92

M 3 1.5

CI 0.66 0.5
Visual score (cm) m 5.7 5

M 5 5

ClI 0.84 0.78
FEV, m 63.45 72.73

M 63 72

CI 14.32 16.4
FEF 25-75 m 48 56.34

M 46.2 52

Cl 16 15.5
Mean morning m 67.85 75.38
PEFR M 71 81

CI 13.6 11.6
Mean evening m 67.14 19.25
PEFR M 70 75

CI 13.3 11.6

m, Mean value; M, median; CI, 95% confidence interval.
Functional data expressed as percentages of predicted values.

- score 3 corresponds to B,-agonist inhalation with or without
long-acting theophylline and beclomethasone dipropionate
at a daily dose equal to or greater than 1000 pg. '

Determination of indoor mite exposure by
environmental analyses

Indoor mite exposure was evaluated by three methods:
(1) Semiquantitative guanine determinations (Acarex
test),'! with results expressed in four classes from 0 with
a guanine content less than 600 pg/gm of dust; +,
between 600 and 2500 pg/gm of dust; + 4+, between
2500 and 10000 wg/gm of dust; and + + +, at least
10000 pg/gm of dust, respectively.

Quantitative guanine determinations expressed in mi-
crograms per gram of house dust. These two methods
are based on results of a chemical color paper test'? and
a spectrophotometric method," respectively.

Der p I and Der f 1 (antigen P, of Dp and antigen F, of
D. farinae) determination, expressed in micrograms per
gram of house dust, with use of a two-site monoclonal
antibody (MAb) ELISA (MAb 5HS specific for Der
p I and 6A8 specific for Der f1)."*

2

~

3

~

Samples were collected according to a standardized
method by the same technician with the same vacuum
cleaner (PA5-800 W Philips, Groningen, The Netherlands)
and a constant vacuum time of 2 minutes per square meter.
Dust samples were stored at 4° C in sealed plastic bags.

Twenty-three house dust samples (HDS) were collected
from all patient mattresses and were analyzed by the three
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TABLE Il Initial data of the active and
placebo groups

Active Placebo
No. 11 13
Sex (M/F) 5/6 7/6
Age (yr) m 36.8 354
M 31 36
CIL 11 6.7
Duration of asthma m 17.4 13
(yr) M 10 I1
Cl 10.6 6.4
Dp-specific IgE m 3.45 3.72
(RAST classes) M 3 4
CI 0.3 0.25
Dp-intradermal tests m 11.8 14
(ID + d}/2) mm M 10 13
CI 2.7 1.6

methods described: initially and every 3 months after acar-
icidal or placebo application.

Twenty-three HDS were collected from carpets (11 in
actively treated homes, 12 in placebo-treated homes).

Fifteen HDS were collected from various upholstery ele-
ments (i.e., sofas, armchairs) (nine in actively treated homes
and six in placebo treated homes).

The latter two groups of HDS, including potential house
dust allergen sources besides the patient matiresses, were
collected initially and after 12 months. They were analyzed
by semiquantitative guanine determination and major aller-
gen measurements.

Acaricide and placebo treatments

The acaricidal products were used as a foam or wet pow-
der. Acarosan foam consists of a copolymer of benzyl ben-
zoate (2.6%) and methacrylate, anionic tensides, fatty acids,
perfume, propane-butane (13% as propellent), and water.
The control foam consisted of tensids, perfume, propane-
butane and water. The polymers are supposed to agglom-
erate particles. Acarosan powder consists of benzyl benzoate
(5%), cellulose fibers, isoparaffin, sodium aluminum sili-
cate, silicium dioxide, sodium chloride, an antimicrobial
preserving agent, and water. The placebo powder consisted
of cellulose, water, and an antimicrobial preserving agent.
Acarosan foam as well as placebo foam were applied on all
mattresses and upholsteries (60 gm/m?) in each home. The
foam was rubbed in, and the treated material was neither
cleaned nor vacuumed for 1 week. The powder (acaricide
or placebo) was sprinkled on all carpets and rugs in each
home and distributed evenly with a scrubbing brush. After
a drying period of 4 hours, the carpets were vacuumed. An
initial acaricidal or control treatment was performed at the
beginning of the trial; a second application was performed
in the 23 homes after an interval of at least 6 months.
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TABLE Hll. Initial data of the allergenic
content of homes in the active and placebo
group (pg/gm)

Active Placebo
Quantitative guanine levels m 8241 13692
in mattresses M 6890 9187
CI 3314 4436
Derpl + Derflin mat- m 43.53 84.66
tresses M 27.5 76.75
CI 24.6 52.5
Derpl + Der flin m 30.4 40
various upholstery M 14.7 33.8
elements a1 315 18.4
Derpl + Derflin m 4.95 13
carpets M 2.18 13.7
Cl 3.23 6.6
Statistics

A Mann-Whitney U test was used to assess the initial
comparability of the acaricide and placebo groups in terms
of sex, age, duration of asthma, clinical and drug scores,
visual analog scale, functional scores (mean initial morning
and evening PEFR, FEV,, FEF 25-75), Dp RAST classes,
and Dp skin tests (half sum of the cross diameters of the
wheal for the intradermal reaction with an extract of 10~°
mg/ml).

To evaluate the differences in clinical and medication
scores between the two groups at the beginning and after a
period of 12 months we also used the nonparametric Mann-
Whitney U test. For each group, initial scores and scores
after 12 months were compared by a Wilcoxon test for
matched pairs.

Both quantitative guanine determinations and the sums
of Der p 1 and Der f 1 values were compared between the
active and placebo groups (i.e., initial and final values after
12 months) by a Mann-Whitney U test. For each group,
active or placebo, initial and final values were compared by
a Wilcoxon test for matched pairs.

RESULTS

Three patients, initially allocated to Acarosan, were
withdrawn from the trial: one patient changed his mat-
tress after 3 months, and two did not stay continuously
in the treated homes. These patients were not initially
different from the other patients of the active group.
The placebo-treated group (n = 12) and acaricide-
treated group (n = 11) were similar in respect to age,
sex, duration of asthma, clinical, medication, spiro-
metric, and visual scores determined during the 1-
month period before the beginning of the trial. The
mean value of clinical, medication scores, visual an-
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alog scale, and functional data are shown on Table I.
Both groups were equally sensitive to Dp when they
were compared by serial dilution intradermal skin test-
ing and specific IgE measurements (Table II). The
two groups were also compared as to their allergen
exposure: despite patient selection based on the
Acarex test, we found higher guanine and Der
p 1 + Der f1 contents among the placebo group, but
the difference was only significant for the measured
allergen level Der p 1 + Der f 1 in mattresses and
carpets (p < 0.05) (Table III).

Within-group comparison

Effectiveness of the treatment on the patients’ clin-
ical and functional evolution (Table IV). The clinical
scores established at the beginning of treatment and
12 months later showed a statistically significant
improvement only for the actively treated group
(p < 0.01). The visual analog scales showed a sta-
tistically significant difference between the beginning
of the trial and after 12 months for the actively treated
group (p < 0.05) and the placebo-treated group
(p < 0.01). No difference could be found for the drug
score. No statistical difference occurred between val-
ues at the beginning and 12 months after treatment,
either in the actively treated group or in the placebo-
treated group. A statistically significant increase was
observed between the beginning of the trial and 12
months later in both groups for FEV, (p < 0.05 for
the placebo group; p < 0.01 for the acaricide group),
for FEF 25-75 (p < 0.05 for the placebo group and
p < 0.01 for the acaricide-treated group). For the
morning and evening PEFR values no statistically sig-
nificant increase was observed. -

Effectiveness of the treatment on the mite allergenic
load (Table V, Fig. 1). The level of Der p I + Der
f1 in patient mattresses between the beginning of the
‘trial (day 0) and after 12 months decreased 20% for
the acaricide group and 17% for the placebo group,
respectively. However, these decreases were not sta-
tistically significant. The decrease in guanine levels
was significant only in the placebo-treated group (Fig.
2).

For HDS with origins other than the patient mat-
tresses, we found significant decreases in Der
pl + Derf1inthe Acarosan-treated group (p < 0.01
for carpets; p < 0.05 for upholstery elements). The
mean decrease in Der p I + Der f1 levels was 74%
of the initial level for carpets and 67% for upholstery
elements in the active group. In placebo-treated
houses the Der p 1 + Der f1 content also decreased
in the two different samples, but the decrease was not
significant (i.e., only 27% for carpets).
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TABLE IV. Results: percentage changes
from baseline

Within-group
comparison
Between-group
Active Placebo comparison
Clinical —~45%** —41% NS NS
score
Drug score —12% NS —19.8% NS NS
Visual +36%* +46.6%** NS
score
FEV, +14%** +0.08%* NS
FEF 25-75 +24.6%** +12%* NS
Mean +0.05% NS —0.014% NS NS
morning
PEFR
Mean +0.03% NS —0.02% NS NS
evening
PEFR
NS, No statistical significance.
*p < 0.05.
**p < 0.01.

TABLE V. Results: changes in the allergenic
content of house dust over 1 year
(percentages of the initial data)

Within-group
comparison

Between-group

Active Placebo comparison

Quantitative ~ —0.03% NS —35%* NS
guanine
(mattresses)

Derpl +
Der f1
(mattresses)

Derpl +
Der f1
(various
elements)

Derpl +
Der 1
(carpets)

—19.7% NS —17% NS NS

—67%* —61% NE *

—74%** —27% NS NS

NE, Not evaluable.
*p < 0.05.
*¥p < 0.01.

With respect to the Acarex classes, we found a
decrease in Acarex test classes at the end of the study
for both groups. The percentage of HDS in low classes
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FIG. 1. Changes in the allergenic content of mattresses in the two groups.

(= +) was greater at the end of the study both in the
placebo- and Acarosan-treated groups for the samples
obtained from mattresses (i.e., from 12% initially to
32% in the placebo group and 52% in the Acarosan
group), from carpets (i.e., from 60% initially to 72%
in the placebo group and 82% in the Acarosan group),
and from upholstery (i.e., from 24% initially to 72%
in the placebo group and 90% in the Acarosan group)
(Fig. 3).

Between-group comparison

The two groups did not differ significantly in the
evolution of clinical scores assessed 1 month before
the beginning of the trial and 12 months after treat-
ment. Similar results were observed for the analog
visual scales and the medication scores (Table IV).

The two groups showed no significant modifications
in any of the functional values measured at the be-
ginning of the trial and 12 months later (Table 1V).

After 12 months, Der p1 + Der f1 levels in carpet
dust tended to be lower in the treated group, but the

difference did not reach statistical significance. No
significantly lower allergen contents nor guanine
levels were found in patients’ mattresses for the treated
and the placebo groups (Table V).

DISCUSSION

In this long-term study the application of Acarosan
led to a significant decrease in major mite allergens
only in carpets and upholsteries but not in patients’
mattresses. The difficulty in obtaining a reduction in
allergens in patient mattresses in our study could be
explained by a high allergenic mite load in all the
patient mattresses at the beginning of the trial, because
we had selected the patients on the basis of their high
Acarex test class (=2). It can be suggested that these
mattresses are true allergen reservoirs, and that re-
peated dust sampling removes mite feces accumulated
deep into the mattress. Moreover, the acaricide may
not have penetrated deep into the mattress, although
studies have shown that no living mites were found
after Acarosan treatment. Even if mites are killed, the
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FIG. 2. Changes in the guanine levels of mattresses in the two groups.

allergenic load may not be reduced; such findings were
observed earlier by Bischoff et al.*® who demonstrated
that the excrement content evaluated by Acarex test
decreased in some cases but not in others. Because
no effectiveness could be demonstrated on the mite
allergen load of highly infested mattresses, we con-
sider it advisable to replace or encase such mattresses.
The greater percentage of mite allergen reduction in
carpets and upholstery could be attributed to a lesser
thickness of this material, which might favor the pen-
etration of the acaricide foam or powder. It should
also be noted that mite allergen concentrations were
low in carpets at the beginning of the trial. The partial
reduction obtained after a double treatment and regular
vacuuming could have been improved if home clean-
ing and application of Acarosan had been prolonged,
as has been shown by Le Mao et al.”

The decrease in guanine and major mite allergens
in the placebo-treated homes may have several expla-
nations: first, participation in the trial seems to have
a guanine-reducing effect by itself, because the pa-
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tients tend to vacuum more regularly. Second, clean-
ing agents present in the placebo contain tensioactive
agents that could have bound dust and allergens from
house dust, thus having an avoidance effect. It should
also be pointed out that we evaluated the efficacy of
acaricide treatment only by measuring the major al-
lergen content of the HDS obtained by vacuuming the
textile elements; however, we have no data concerning
the amount of mite allergens extracted by vacuum
from the mattresses, which would have been effec-
tively rendered airborne by disturbances, nor do we
have data concerning modifications of this amount by
acaricide treatment. On the other hand, airborne sam-
pling procedures recently proposed only measure the
quantity of inhaled allergen at a given time'®; the quan-
tity measured strongly depends on disturbances, be-
cause it has been shown that mite allergens, contrary
to cat allergens, are not airbomne for long periods.’®
Measurement of major house dust allergens in dust
samples is more representative of the total amount of
mite allergens possibly accumulated over several
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the end of the trial.

years; in our study the results were obtained by two
different methods that reflect changes in allergen ex-
posure,? and both showed a similar trend for active
as well as placebo treatment.

The practicability of using Acarosan was not di-
rectly evaluated. Application of the acaricide products
was always done by the patients’ families and our
technician; it seems that correct application on all
textile elements in the entire home or flat represents
a major task. The cost of these products may also limit
their use.

The number of patients recruited for this trial was
small, despite repeated efforts. There appear to be
some explanations for this: it is obviously quite de-
manding for patients to participate in a prolonged
avoidance trial. We also had to select patients having
enough symptoms and medication, to appreciate an
improvement, both in symptoms and medication
scores. In our study asthma severity assessed by the
measurement of FEV, and the duration of asthma was
rather severe in both groups, with a more severe clin-

ical trend for patients who had acaricide application
in their environment. Such atopic asthmatic patients
may not improve even after the cessation of exposure,
as has been shown in occupational asthma. Even when
clinical symptoms decreased and analog visual score
increased, patients required medications that were not
withheld because their functional values did not im-
prove sufficiently. Moreover, nonspecific factors (i.e.,
irritating dusts, fumes, smoke, and cold air) may pos-
sibly be responsible for exacerbations. It is also worth
noting that it is difficult to observe modifications in
specific symptoms of house dust allergy. In our study,
although patients were recruited over a 6-month pe-
riod, all patients were followed during a period of at
least 12 months. This allowed us to detect modifi-
cations of possible seasonal attacks that may occur in
late summer or autumn.

The difficulties in correctly assessing modifications
in symptoms and medication scores have been pre-
viously described.” In house dust mite allergic
asthma. it appears essential to take into account several
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parameters over a long period. A combination of clin-
ical evaluation, medication scores, and functional
measurements are needed because of the fact that per-
ception of breathlessness, tolerance of discomfort, and
the ability to record symptoms may vary according to
patients.

Although house dust mite avoidance seems to be
the treatment of the future, no consensus exists about
which methods should be used. Several successful
avoidance studies involved removal of carpets and
stuffed toys, covering mattresses with plastic, or
washing bedding regularly.> % *?* Some authors have
reported good results with acaricides; however, very
few studies exist concerning the effects of these prod-
ucts both on the allergen mite load of the indoor en-
vironment and on the clinical status of patients with
respiratory mite-allergic symptoms. The effect of
acaricides on the environment was evaluated on the
basis of the percentage of mite reduction: liquid ni-

trogen appears to be extremely effective in reducing’

living mites in mattresses®; by treating dwellings with
Acarosan, Elixman et al.?® and J. Le Mao et al."”
obtained a dramatic reduction in living mites both in
carpets and in most furniture 1 year and more after
treatment. Instead of counting mites, several studies
relied on either a guanine decrease or major mite al-
lergen decrease. For pirimiphos methyl,** the Der p 1
reduction ranged from 50% to 75%. In an open study
with Acarosan, Kersten et al.”® found a decrease in
Acarex test values after 3 months; however, the re-
duction was incomplete in mattress HDS. In a personal
preliminary open study, we found a decrease in gua-
nine levels in 7 out of 12 patients.”® In a short-term
study of Acarosan and placebo on mite allergen con-
centrations in house dust, Lau-Schadendorf et al.”
showed a significant reduction of mite allergens in
mattresses and carpets with both Acarosan and pla-
cebo treatments; however only the results of carpets
in the group treated with Acarosan differed signifi-
cantly from those of the control group. Our results
show a comparable trend, because we were able to
show an allergen reduction both with Acarosan and
placebo, and the reduction was greater with Acarosan,
especially for carpets; however, it did not reach sta-
tistical significance levels. It cannot be ruled out that
several repeated applications of Acarosan would re-
move additional mite allergens because of the mite-
killing effect of Acarosan, whereas cumulated aller-
gen loads would slowly decrease as a result of repeated
vacuuming. However, it should be pointed out that
even in homes in which we observed a mite allergen
reduction, the final mite allergen concentration was
always greater than 10 pg/gm.

Concerning efficacy as expressed by the clinical
status of patients, few studies have been performed
in a controlled double-blind fashion.?® ** Open studies
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appeared promising.” % In a double-blind, dust mite,
Acarosan trial with patients with rhinitis who are al-
lergic to mites, an improvement was found in 8 out
of 10 patients treated with Acarosan and in 4 out of
10 treated by placebo.? In our study we did not find
a statistically superior effect of Acarosan versus pla-
cebo. However, the possibility that more frequent vac-
uuming and tensides contained in the placebo are also
effective in allergen avoidance cannot be ruled out;
this could have concealed a positive effect of the acar-
icide used.

The indications for acaricide treatment should take
into account both the mite allergenic load and the
asthmatic status of the patients. Patients with contin-
uous corticosteroid treatment, presenting a long du-
ration of asthma, as well as permanently altered pul-
monary function, are probably not ideal patients for
such avoidance trials. For some patients, despite an
objective decrease in the mite allergen content of their
homes, the residual mite allergen load is sufficient to
render asthma symptoms perennial. Sensitization is
thought to occur mostly at an early age. Evidence
from a prospective study suggests that high-level ex-
posure within the first 2 years of life may be highly
significant for both sensitization and the risk of
asthma.® Thus it appears that the best indication for
acaricide treatment is probably atopy in young chil-
dren. It may also be of interest to preventively treat
textile objects with acaricides, especially new mat-
tresses, to prevent infestation by mites and new al-
lergen production.

Finally, it is possible that acaricide treatments, con-
ventional dust mite avoidance, hygienic measures,
and mite desensitization need to be combined to in-
crease the effectiveness of the fight against mites.

We thank Dr. G. Hedelin for his skillful assistance for
the statistical analyses.
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