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lntroduction

The role of the mites Dermatophagoides pteronyssinus

and Dermatophagoides farinae in allergic respiratory dis-

eases induced by inhalation ofhouse dust was discovered
20 years ago [l-3]. Since then, exposure to these mites

and their allergens has been recognized as a risk factor for
dust-sensitive patients [4-8]. Mite allergens are widely
distributed in settled dust in the home environment, and
the use ofacaricides on different infested sites represents

one of numerous mite avoidance measures. This proce-

dure provides the advantage of killing mites, the active
producers of allergens, as previously demonstrated with
the use of such chemicals as pirimiphos-methyl [9], nata-
mycin [0], benzyl alcohol Il] and benzoic acid esters

[12, l3]. Acaricides only affect live mites, and their asso-

ciation with other agents has been proposed to improve
removal of already present mite allergens. A spray com-

Abstract
Mite-infested furnishings from different houses were treated with an acaricide

based on solidifred benzyl benzoate combined with cleaning agents. Live mite
populations, major mite allergen concentrations and guanine contents of dust

collected from these furnishings were compared before and after treatment

over a 3-year period. Signihcant short-term reductions in live mite numbers
(950/0, p < 0.01) and mite allergen concentrations (500/0, p < 0.01) were

observed. Mite eradication remained effective following long-term treatment,

and allergen reduction reached 75o/oat the end of the 3rd year of the study.

Measurement of guanine contents showed parallel results. Although these

effects varied among the infested sites, long-term mite avoidance can be main-

tained by repeated treatments (2 per year).

posed of a mixture of benzyl alcohol and tannic acid as

the allergen-denaturing agent was used to reduce mite
allergenicity in dust from blankets and carpets [1 1]. Bi-
schoff et al. [ 4] proposed using a combination of solidi-
fied benzyl benzoate (BB) and adsorbing/cleaning agents

in two forms: foam or moist powder. The short-term
effect of this combination on major mite allergen concen-

trations in house dust from carpets was recently reported

ll 51.

This paper describes changes over a 3-year period in
the levels of dust mite allergens harvested from different
furnishings in homes where a combination of solidified
BB and cleaning agents was applied. Mite allergen levels

were assessed by measuring major group I allergens Der p

I (from D. pteronyssinus) and Der f I (from D. farinae),
and by determining guanine content, a marker of mite
excretion. Mite eradication was checked by counting live
mites.
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Fig. 1. Outline of dust sampling and acaricidal treatment schedules.

Materialand Methods

House Dust Samples
Selection of MiteJnfested Homes. Five homes in southern Bavar-

ia were selected based on the presence of mite fauna and high gua-
nine content in bedroom dust samples [16]. In each home, mat-
tresses, upholstered lurniture and bedroom or living room carpets

"vere 
chosen as sampling sites.

Dust sampling. Dust was collected by vacuum cleaning the total
area of each site (700 W, 2 min/m¡) at the beginning of the study
(June 1985) and at short and long periods tollowing acaricidal treat-
ments (hg. I ). The dust was stored at 4 " C in sealed plastic bags until
the raw dust was sieved through a 0.3-¡rm screen to obtain fine dust
for analysis.

Gtønine Determination
Semiquantitative and quantitative guanine determinations were

performed on dust samples using the color paper test (Acarex-test, )
[16] or a spectrophotometric method [18, l9], respectively. Acarex-
test results were expressed in 4 upgrading classes (0-3) and the quan-
titative assay in milligrams of guanine per gram of fine dust.

Dust Exlracts
200 mg o[ fìne dust from each dust sample \¡/ere extracted in 4 ml

of borate-buffered saline. The supernatant obtained after centrifluga-
tion was filtered (0.45 pm). The filtrate constituted the dust extract.
All dust samples were extracted at the same time and stored at
-20'c.

Measurements of fuIite Group Llllergens
Measurements were performed on dust extracts by a two-site

monoclonal antibody (mAb) ELISA. The mAb used in this study rec-
ognized specific and nonoverlapping epitopes on Der p I [20] and
Der f I [21]. For the assay of Der p I, 1 0B9F6 mAb was coated onto
microtiter plates, and 5H8C I 2 biotinylated mAb was used as the sec-
ondary antibody. In the Der f I assay, MAF 6 mAb was the catching
antibody, and MAF 9 biotinylated mAb was the detecting antibody.
The procedure described by Luczynska et al. ï221 was performed
with some modifications. Briefly, 100 ¡rl of dust extract were incu-
bated overnight with the coated wells. After extensive washing, 100

¡rl of the biotinylated mAb were added (8-12.5 nglwell). Bound mAb
was detected by adding alkaline phosphatase conjugated to streptav-
idin (Amersham, UK), and the enzyme activity was determined in
the presence of ¿nitrophenyl phosphate (l mg/ml) in diethanol-
amine buffer. Absorbance was read 20-30 min later, at 405 nm (Ti-
tertek Multiscan MCC340, Flow Laboratories). Reference curves
were established for each allergen in the range of 0.5-62.5 ng/ml
using standard solutions (International Solution 82/518 from the
National Institute of Biological Standards and Control for Der p I,
and purihed Der f I [23] as internal reference for Der f I). Results
were expressed as micrograms of Der p I and Der f I per gram of hne
dust. The mean interassay coeflicient of variation (CV) was t 5 % and
the intra-assay CV was 5 o/0.

Acaricides
Composition. The loam acaricide was composed of benzoic acid

ester in combination with polymers (7%), tensides (20lo) and water
(91 0/o). The moist-powder acaricide was composed of benzoic acid
esters combined with silicates (100/o), cellulose fibers (410/o), liquid
parafhn (8%), inorganic salt (2010) and water (390/o). Both products
were provided by Werner and Mertz, Mainz, FRG (Acarosan" ).

.4pplicalion. Foam acaricide was rubbed in to mattresses and
upholstered furniture (60 glm2) to allow penetration ofthe product.
One week after foam application, furnishings were vacuum cleaned.
The moist powder was brushed onto the carpets (75 g/m2) and
allowed to dry for 2-4 h. After complete drying, the carpet was care-
fully vacuumed until the surlace was free of visible powder. Treat-
ments took place at the beginning of the study (June 1985) and
approximately 4 (October 1985) and 26 months (August 1987) later
(fig. l).All treatments were performed by the same operator. Be-
tween treatments, ordinary housecleaning was carried out.

Mite Counting
The number of live mites was asse ssed by a flotation technique, as

previously described [ 1 7].
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Table 1 . Short-term effects of the first
application olpowder or loam acaricide
(June 1985) on carpets (C), upholstery (U)
and mattresses (M)

Sites Live mite numbers/g dust DerpI+DerfI,pglgdust

June
1 985

after treatment

Aug. 1985 Oct. 1985

after treatment

Aug. 1985 Oct. 1985

June
1985

45
44
28

0

CI
C2
C3
C4

0
2

2

0

0
0

0

0

8l
t2
l1
3.2

44
2.4

3.8

1.9

25
3.8
4.4
1.6

U1
U2
U3
U4

85
45

9

223

10

0
0

13

25

35

17.4

t4.3

t2
13.5

3.'7

t4

23
5

n.d
n.d

t4
t4
n.d.
n.d.

0
0

0

4M1
M2
M3

t5
0
0

208

60
5

20
28
26

n.d.
l5
tt.4

15.4
23
t5.4

Mean reduction, o/o 95 95 5l 49

n.d. : Not done, sample not obtained.

Data Analysis
The Wilcoxon signed rank test for paired samples was used to

compare mite numbers and mite allergen levels in dust samples
belore and after acaricidal treatments. Signihcance was assumed at
p < 0.05. Mean reductions in mite counts and allergen concentra-
tions were calculated as follows: 100 X (mean result before treatment

- mean result alter treatment) / (mean result before treatment).

Results

Live mite populations and mite allergen levels in dust
collected from 4 carpets (Cl-C4), 4 types of upholstery
(Ul-U4) and 3 mattresses (M1-M3) were determined
before and after acaricidal treatments over a 3-year pe-

riod (June 1985 to August 1988). At the beginning of the
study, all dust samples except one (C4) contained live
mites whose numbers ranged from 5 to 213 per gram of
dust, with D. pteronyssinus as the dominating species, fol-
lowed by D. farinae. Mite g;roup I allergen levels, mea-
sured by ELISA, were found to be higher than 10 pg of
Der p I plus Der f I allergen per gram of dust except for the
C4 sample (3.2 pe/e).

Short-Term Effects
Two and four months after the first treatment (June

1985), the number of live mites per sample decreased sub-
stantially (table l). In many cases, no live mites were
found, and mean reductions after both periods were simi-

lar (950/0, p < 0.01). Results of mite group I allergen con-

centrations for each site are presented in the same table.
In August and October 1985, there were signif,rcant mean

reductions in the sums of Der p I plus Der f I (51 0/o and
49010, respectively, p < 0.01). As a small amount of the
acaricidal powder may remain in the carpets a short time
after application, its interference with the mite allergen
measurement was tested. A 200/o (w/w) of dry acaricidal
powder added to 6 dust samples led to a mean mite aller-
gen reduction of 15.50/0. Differences observed between
titrations with and without powder were not significant
(p > 0.0s).

Long-Term Effects
Figures 2 and 3 illustrate individual results for live

mites and Der p I plus Der f I allergen concentrations of
dust samples collected mo¡e than 9 months after acarici-
dal treatments. M2 and Ul (sofa) could not be monitored
during the whole period as they were removed by the
inhabitants.

In July 1986, the mean reduction in live mites and
group I allergen concentrations reached, respectively,
980/o(p < 0.01)and 800/o(p < 0.01)onsiteswhichunder-
went a second treatment. For U3 and M3, treated only
once in June 1985, the mite allergen level remained stable

or increased. Between July 1986 and August 1987, only
Ul and U4 received an additional treatment. At the end
of this 2nd period, there was an occurrence of live mites

2t4 Le Mao/Liebenberg/Bischoff/David Mite Avoidance using Acaricides
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Fig. 2. Comparative changes in live mite
population (r), mite allergen concentration
(Der p I + Der lI) (o) and guanine conrent (o)
in I carpet(Cl) and 1 upholstered chair(U2)
after acaricidal treatments (arrowheads)
over a 3-year period (June 1985 to August
r 988).
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This longitudinal study was performed over a 3-year
period, from June 1985 to August 1988. Alrhough the
experiments were performed in an open trial, the findings
were very informative. Up to now, effects of acaricides
had not been monitored and reported over such a long
period. Moreover, live mite populations, mite allergen
levels and guanine contents of dust samples collected
from different sites, such as carpets, upholstered furniture
and mattresses, were followed in this study. Dust samples
were collected at the same time each year over consecu-
tive years to avoid seasonal variations in mite populations
and mite allergen levels [24]. The procedure for collecting
settled dust samples was standardized (time/surface area,
operator) in order to eliminate other variations.

The results show that the acaricidal applications in-
duce both a pronounced destruction of the mite popula-
tion and a significant decrease in mite allergen levels in
house dust from most of the sites.

The decrease in the number of live mites found in dust
samples after treatments shows that acaricidal powder or
foam can penetrate the furnishings to reach live mites.
The lst application reduced the number of live mites by
80-1000/0, depending on the type of furnishings. These
results, obtained using a conventional mite detection
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and an increase in mite allergen levels in many samples.
The 3rd treatment performed on all sites led to a further
decrease in the number of live mites. In August l9gg, the
mean reduction in the Der p I plus Der f I concentration
was 750lo (p < 0.01).

The guanine contents of dust samples collected at each
year end of this study were tested by the semiquantitative
method (Acarex-test) (table 2). The number of sites with
high and moderate guanine levels (Acarex class > 2) was
markedly reduced after acaricidal treatments, i.e. in July
1986 and August 1988. In contrast, the guanine levels
increased in half of the sites in August 19g7. The parallel
changes found in results of ELISA assays and the Acarex-
test were confirmed by quantitative guanine determina_
tions, as shown by representative results for I carpet (Cl)
and I upholstered chair (U2) (fig. 2).

Discussion

The present work reports on the acaricidal and aller-
gen-reducing properties of solidified BB combined with
cleaning agents when used on mite-infested sites in
homes.

c1 U2
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Fig. 3. Long-term eflects ofacaricidal treatments (arrowheads) on carpets (C), upholstery
(U) and mattresses (M). Evolution of live mite population (r) and mite allergen concentration
(Der p I + Der f I) (o) from June 1985 to August 1988 (0-38 months).

Table 2. Guanine content (Acarex-test@) of dust samples lrom
mite-infested sites before and after acaricidal treatment during a 3-

year period

method, i.e. counting after flotation, agree with those of
previous studies performed on experimental carpet bio-
topes using the 'heat escape method' [13]. After 2 acarici-
dal applications, mite control remained effective up to 13

months, as shown during the lst year of our study. This
long-term acaricidal effect appears to be consequential to
the use of the solidified BB form, which reduces the vapor
pressure of the reagent and allows its longJasting presence

in dust. Long periods without treatment, as in the 2nd
year of study, led to the occurrence of new mite popula-
tions. Repeated treatments seem necessary to prevent
reinfestation of the sites and, thus, a renewed production
of allergens.

Disappearance of mite allergens in treated furnishings
was more progressive than the mite eradication. Mite

Acarex
class

Number of Acarex class related sites

before
treatment
June 1985

after acaricidal treatments

July 1986 Aug. 1987 Aug. 1988

5

4

0
0

0

5

4

I

3

7

0

I

0
1

2

3

0
2

2

7

Total number
ofsites tested

ll ll l0
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allergen levels were monitored by: (l) determination of
guanine, a marker of total fecal mite allergens, and (2)
measurement of specific major allergens, such as Der p I
and Der f I. Similar results were obtained, confirming
changes of mite allergen levels obtained during the study.
Nevertheless, there is a theoretical risk of underestimat_
ing the allergen concentration (w/w) in carpet dust if acar_
icidal powder has not been completely removed by vac_
uum cleaning. In fact, most of the powder is eliminated
after complete drying (a few hours after application) and
afterwards by regular household vacuuming. For this rea_
son, the mite allergen concentrations of dust samples with
and without a small amount (20o/o) of dry powder were
compared. No statistical difference was found, lessening
the likelihood of possible interference with the results by
the remaining powder.

A short-term allergen-reducing effect was obtained,
agreeing with other authors [15]. The long-term effect
obtained depended on the number of applications per
year. If allergen removal was achieved by means of ten_
sioactive and adsorbant components combined with the
chemical BB, which afterwards was collected by vacu_
uming, subsequent cleaning would result in the more
thorough elimination of allergens. Indeed, an effective
mean reduction in mite allergens was obtained at the end
of the I st and 3rd years of the study. During the 2nd year,
when the number of acaricidal applications was reduced,
we observed an increase in mite allergen levels due to
allergen accumulations produced by new mite popula_

tions. The influence that the type of furnishings has on
mite allergen elimination, a factor not taken into account
in this study because of the small number of objects inves-
tigated, deserves further study. However, it was noticed
that the allergen reduction in carpets seemed more effi-
cient than in mattresses, as previously observed after a
short-term treatment I I 5].

The measurement of group I allergens, markers of air-
borne mite allergens [25], enables evaluation of the effi-
ciency of acaricidal products in reducing exposure to
house dust mites. At the beginning of the study, all sites
except 1 presented mite allergen levels superior to l0 ¡rglg
dust; these levels are considered a risk factor for acute
asthma sufferers [4]. Although there were no continuous
acaricidal treatments during this study, at the end of the
3rd year, 7 out of 9 sites contained 6 þglgof mite allergen
or less, showing that effective mite allergen avoidance was
achieved. Further investigations are necessary to deter-
mine the optimal frequency of acaricidal treatment that
would reduce mite allergen concentration to a minimum.
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