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dust mites

M. J. COLLOFF*t, C. TAYLOR^ and T. G. MERRETTij

*DcparimciU of liunuiiuilogy. University of Glasgow. UK. and -^Scotlish Parasite Diagnostic Laboratorv.
Stobhill Hospital. Glasgow. UK. }Medivac PLC. Wilmslow. Cheshire. UK. i^.-\ilcrgv Analysis Centre.
EURODPC Lid. Llanbcris. Cacrmnfon. Gwyiwdd. UK

Summary

Background Control oTdusl miles tising cxlfcniL's o[ Ictnperaturc is un alternative to
the use of acaricidcs. In ihe past we have ;iltenipled control by IVcc/ing with liqtiid
nitrogen. The present paper deals with the opposite exlrcnic, the use of steam.
Objective To assess the leasibility inid elTeetiveness o!" a domestic steam eleaner Ibr
the eontrol ol" dust tiiites. its ellecl on mile populations and eoncentrations of the
allergen Der p I.
Methods A domestic sleam cleaner was used to treat earpet squares Ihat had been
seeded in the laboratory with known numbers of dust mites {Dcrniaiopliagoides
ptcroiiy.ssintis). The number of live miles was monitored for ii period of 4 months in
eight treated carpet sqtiares and eight controls. Dtisl samples were taken from 12
standardized areas of carpet in a tenement Hat in Glasgow, UK., before and after steam
cleaning treatmetil. and the concentration of allergen Der p 1 was compared with 12
adjacenl. control areas.
Results No live mites were foLmd at any lime in the treated carpet squares, whereas in
the control squares geometric mean mite population density rose frotn 11 after 3 days
to .39 after 1 month. 66 after 2. 122 after 3 and IS5 after 4 months. There was a mean
reduetion o\' 86-7% in Der p I eoneentralion (3? 0-44 /jg/g.) compared with a
reduction of 4-7% (2'22-2-l 16//g/g) in eontrol areas, a dilTerence that was statistically
significant at the 5% level.
Conclusion These data indicate thai steatii eleaning has considerable potential as an
highly cITective and efficient method of killing dust tnites and reducing concentrations
of Der p 1 in domestic premises.
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Introduction

Many methods are available for the eontrol o^ house
dtisl miles, both chemical and pliysical [reviewed in I].
Physical methods include the exploitation of extremes of
temperature and hutnidity, stieh as free/ing, both with
liquid nitrogen [2.3] and using domestie freezers for small
items sueh as pillows and ehildrens" soft toys; dry heating
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with electric blankets [4.5]. hot-cycle washing in domestic
washing machines [6.7]. drying with silica gel [K].
dehtmiidiliers [9.10]. mechanical ventilation systems [9.
II 13] or by passively airitig rootns and bedding [14.15].
Although steam cleaning of bedding and other fabrics is
performed commercially and in liospital laundries, there
has been tio attempt until now to examJtic the feasibility
and efficacy of steam cleaning lor the eradication of
house dust tnites in a format that could be used within
domestie premises.

In Europe, the use of portable, domestie. steatn-
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cleaning apparatus is becoming increasingly widespread.
Such devices are favoured, in part, because of the
I'educed need for chemical cleaning agents in the home
but also because they arc capable of cleaning a wide
variety of surfaces and fabrics.

We investigated a domestic steum cleaner to discover
whether il was efVective al killing dust miles and their
eggs, what lemperiiturcs il could achieve, and whether
the steam had any effect on eoncentrations of a major
dust mite allergen. Der p 1.

Materials and methods

Laboratory investigaiinns

Carpet squares (Kossct High Esteem ": Coloroll Carpels
Lid. UK) made oi' 100% nylon (Stainmaster": Dupont
Ltd, UK), of dimensions 45 x 45 cm (2025 cm") and pile
depth 1-5 cm were used for this sludy. A tolal of 16
carpet squares were frozen overnight at -30 C. Ihiiwed.
and vacuum cleaned thoroughly. The vacuum samples
were examined to ensure ihal no live miles were present.
Each square was then seeded wilh dust mites as follows:
eultures of Dermalopliagoides pleroiiyssinus were reared
in the laboratory in a eiillLire medium consisting of a
1:1:1 mix of bakers" yeast granules, wheatgerm and dried
Daplmia at 27 C. 85% relative humidity (RH). Cultures
were pooled, sieved Ihrough a nesl of test sieves
(Endecott Lid. UK) o'i mesh-square breadth range
1000 37 //111, and the fraction of size range < 300.
> 75 //m, whieh amsisled almost entirely of live mites.
was divided into three samples of 100 mgeacli. The miles
were killed by immersion in liquid nitrogen and aninled
under a stereobinoeular niicroseope lo tletcrmine iiLiiii-
bcrs of mites per unil weight. Each square was seeded
wilh 500 mg of live mites, equi\'alent to an arithmeiie
mean of 9209 miles;square (range 8610 974.^; or 4-3-
4-8mitcs/cm"). and 3 g of fresh, mite-free culture
medium. The miles and culture medium were distributed
evenly over the surface of the carpet squares and gently
brushed in. The squares were then incubated at 23 C,
75% RH for 72 h to allow the mites to settle and disperse
within the carpel. Humidity was controlled with
saturated sodium chloride solution according to
standard methods.

After this period, eight carpet squares were kept as
untreated controls and eight squares were steam cleaned,
each for 30 s, using a 'MediVap" donieslic steam cleaner
(Medivae PLC, Wilmslow. UK). This devieeeonsisls of a
4-3 L capacity boiler, heated by a 220-240 V electrical
element. The maximum tank temperature is 150 C.
Steam was delivered from the boiler via a hose outlet
with a brush attachment covered in a cleaning rag. The

boiler was operated at full power and pressure (2000 W.
approximately 320 kPa) according to the nianufaclurer's
instructions. Temperature and humidity were monitored
al the base of the earpet pile before, during and afler
steam cleaning using an electronic thermohygrometer.
coupled through a digital analogue converter to a pen
recorder [16]. Following treatment, each square was left
to cool and dry (approximately 30 min-1 h). The treated
and eontrol squares were then vaeuum-sampled for 30 s
per square using a Medivae medical dusl sampler (flow
rate 2 2 nr^/min; Medivae PLC. Wilmslow. UK), fitted
with a 25 //m nylon mesh filter contained within a
cylindrical sampling lube which was attached to the
sampler hose. After this procedure they were relurned
to the incubators. Sampling was repeated at 28-day
intervals on four occasions.

To count the numbers o{ live miles, the material
adhering lo the filler was recovered and weighed and
the miles extracted according to the method of Arlian et
al. [17]. In brief, the whole sample was suspended in
50 mL sauiraled sodium chloride solution and 1 - 2 drops
of domestic detergent were added as a wetting agent. The
suspension was slirred. filtered through a 37 //m mesh
test sieve (Endecott Ltd. UK), rinsed with tap water and
stained on the sieve using 1 "'o aqueous crystal violet (CL
42555). Excess stain was rinsed out and the mites and
culture medium transferred lo a 9 cm diameter glass Petri
dish. Active, live mites were then counteti untler a
stereobinoeular microscope at x 20 magnification.

Following the final vacuum sampling, each of the
treated carpet squares was further assessed for the
presence of live mites using the heat escape melhod of
BischoiT and Fischer [18]. The underside of the carpet
squares was heated on a hot plate at 80 C for 15-30 min.
Live mites, if present, move away from the heat source
and are eaptured on strips of transparent adhesive tape
laid over the lop surface of ihe carpet square. We used
3 X 100 cm' strips of tape per square, which were
removed after heating and examined under a stereo-
binoeular mieroseope for the presence of live mites.

Field ifivcstigalions

Two adjacent areas, each of 0-25 nr . were delineated
with a quadrant and masking tape on bedroom, living
room, kitchen and hall carpets in a groundfloor tenement
Hal in Glasgow, UK. There were three sets of adjacent
areas per room, making a tola! of 12 sets. The flat was
approximately 100 years old. with central heating, of
sandstone block construction, with no signs of damp or
mould growth. The residents were non-atopies, and the
carpets were 10-15 years old and made of synthetic
(lbres. Dust samples were taken from each area, as
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described in the laboratory investigations section above.
One area was then steam cleaned and the other left
untreated. After the treated carpet had dried, another
dust sample was taken from each area.

Dust samples were weighed and diluted to 1:20 (w/v)
in PBS, vortexed, mixed by rotation for 2 h, eentrifuged
at 1000 g for 15 min; the supernatant was removed,
sterile filtered and stored at -30' C until use. Der p I was
assayed using a two-sile monoelonal antibody [iLISA. as
described elsewhere [19].

analysis of variance we found the change in Der p 1
values of the steam-treated areas was stalistically signifi-
cantly diffet-ent from the change in the control group
(variance ratio 4-34 with 2 and 44 d.f.; P < 0 05). There
was no difference between treatment group values
(pooled; bolh sampling occasions) and pooled control
values (variance ratio 0 35 with 1 and 44 d.f.), indicating
the differences in Der p 1 values was due to steam
cleaning and not differences between the two carpet
groups.

Statistics

Values of Der p 1 were log transformed and one-way
analysis of variance used to compare means of values
from treatment squares vs eontrol squares on both
sampling oeeasions and belbre-treatment values vs
after-treatment values of the treatment group and the
controls.

Results

Laboratory investigations

Temperature and relative humidity of carpet squares
were at ambient prior to treatmetit (24-7C. 49-6%
RH). The temperature in Ihe eight carpet squares
during treatment rose to an arithmetic mean maximum
of i 03 4 C (range 97 9-121 -3 C) and declined lo ambient
within 20 min. Humidity increased to saturation within
10 s of applying .steam, remained at saturation for 25 min
and fell to ambient after 140 min.

No live mites were found in any of the vacuum
samples, nor the heat escape samples, taken from the
eight steam-treated carpet squares. By way of contrast,
the numbers of live mites extracted from the eight control
squares rose from a geometric mean of I I on day 3 post-
seeding, to 39 after one month. 66 after 2. 122 after 3 and
185 after 4 months (Fig. 1).

Field invcsligatiotis

There was a derived-mean reduction in Der p I
concentration from 3 3 (95% C.l. range: M4 7 64) to
0 44/ig/g(95% C.L range: 0 19 0 74) in areas of carpet
that were treated with steam cleaning. This represents a
percentage derived-mean reduction in Der p 1 conceti-
tration of 86-7%. By way of contrast, there was a
derived-mean reduction from 2 22 (95'^i C.I, range:
0 64-5-35) to 2-12 ^g/g (95% C.I. range: 0 63-4-94),
eqtiivalent to 4'7% in the adjacent, control areas thai
were nol steam-cleaned but were sampled before and
after the steam-cleaned areas were treated (Fiti. 2). Bv

Discussion

The fact that no live mites were found in any of the eight
steam-treated carpet squares at any time during the
laboratory study indicates that steam-cleaning is a
highly efficient method of killing house dust mites in
carpets. In order to check that the absence of live mites
was not an artefact of the low efficiency of vacuutn
sampling as a means of recovering live mites [18], we
used the heat escape method on the carpet squares after
we had finished ihe vaeuum sampling regime. It has a far

Fig. 1 Numbers of live miles cxlraclcd from eight steam-treated
citrpci squares ( - • - ) and eight Linlreated control squares (-(TT-)
Lit 3 days after sccdinii the squares with live mites, then at
monthly intervals for 4 months; with geometric mean of total

s in untreated carpet squares (• • • ^- • •).
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Before After Before After

Treated Control

Fig. 2 Concentrations ornllcrgen Der p I (//g.g) in dusl s;iiiipies removed from i2 x 0-25 nr areas iif'cnrpet in a (cncmcnl flat in
Glasgow. L'K, before ;iiid after sleameleaning. compared wiiii those from sampies from 12 untreated, adjacent, cpntroi areas taiten
before and after ihe ireatcd areas were sleam cleaned. A- A. Derived means.

higher extraction efficiency than vacuuming, in the order
of 30 60% recovery [IS], but again, no live mites were
found. In only one control carpet square was there
insignificant population increase of mites, with only 35
recovered on day 114. Some dust mite colonies arc
markedly slower to increase in size than others for no
apparent reason, and it may be that this colony would
have thrived were the experiment continued beyond day
114.

The results of the Held study demonstrate clearly the
considerable reduction in Der p I concentrations
achieved by steam-eleaning, with only minor deviations
from this trend. In one control sample Der p I concen-
tration tell from 019 to below the assay detection limit of
0-1 /fg/g. and in two treated areas the concentrations rose
from 0-24-0-27 and from 0-18-0-295 //g/g. These values
are all in the lower end of ihe range ol' Der p 1

concentrations and are probably duo to combined dust
sampling and Der p I assay error.

This study does not demonstrate, nor does it seek to
demonstrate, an unequivocal elTect of heat on the
chemical denaturation of Der p I. Such denaturation
has been demonstrated by Lombardero et al. [20] who
found that heating Der p 1 at 100 C for 10 min reduced
the binding o\' IgE antibodies by > lOO-fold in com-
petitive inhibition radioimmunoassays. But they also
found that the major allergen Der p 2 was heat-stable.
By way of contrast. Ford et al. [21] found no effect oi"
heating on Derp I (100 C for 5 min) on bindingof IgE to
immunoblots. The heat stability of Der p 2 was
confirmed by Stewart el al. [22]. who also investigated
the effects of heat on three serine proteases of Dermato-
phagoides spp.: trypsin (group 2 allergen); chymotrypsin
(group 6) and an ailergenic elastasc-like enzyme. They
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found that all protease activity was losl after treating
spent mite growth medium at 65 C for 200 s. although it
is tiot clear whether there was a concomitant ellect on
allergenicity. Nevertheless, these data serve lo indicate
the possibility that the IgE binding activity of major dusl
mile allergens in addition to Der p I may be adversely
affected by heat.

In ihe present study it was not possible to discriminate
between whether allergen was being denatured or
selectively retained in ihe carpet in some way as a
result of the steam-cleaning process. However, a com-
parison of the weights of dusl smiiplcs removed from
treated areas before (geometric mean 232 mg) and after
treatment (289 mg) indicated there was no significant
dilference compared wilh the control areas (before 207;
after 259 mg). This strengthens our contention that the
reduction in Der p 1 concentrations was due to the
denaturing elfects of heat and not to reteiUion of allergen
in the carpel.

In ihe domestic cleaner used in this study, water is
heated electrically wilhin an insuialcd boiler, under
pressure, to produce steam which is capable of reaching
temperatures well in excess of the boiling point of water
at atmospheric pie.ssure. The niaximuni leniperatures
achieved in Ihe eight carpet squares during steam-ireat-
ment in the laboratory study exceeded 100 C" in all but
two cases, reaching an absolute maximum of nearly
122 C. Following treatment, temperatures in excess of
90 C were maintained at ihe base of the carpel pile for up
lo 3 min. These temperatures and durations are likely to
achieve a similar degree of denaturation of Der p I to
that recorded by Lombardero ei al. [20].

Steam cleaning requires nothing more than water and
heat and therefore is non-polluting compared with mite
eradicalion methods thai require the use of detergents
and other chemical agents. Hurlhermore, the design of
the steam cleaner renders it safe for domestic use as long
as the manufacturer's instructions are followed: the risk
of scalds could be considered no greater than ihat from
an electric kettle. We observed no damage or shrinkage
of the fabric of any o'i the treated carpet sc|iuires. nor
discolouration, and ihe carpet dried out within half an
hour of treatment. There is no indication of prolonged
retention of residual moisture, as may be the case with
wet-vacuum cleaning and which may promote popu-
liition growth of mites ihat colonize subsequent to
treatment.

Finally, steatii-clcaning as reported herein is the only
method of house dust mite control that combines
effective killing of mites i.\ni.\ subslantial reduction in
allergen concentrations within a single system. These
factors, taken together, render domestic steam cleaning
apparatus especially suitable for the management of dust

mites and their allergens in the homes of people with
mite-mediated allergies.

Aeknow ledgements

We wish to thank Dr R.W.A. Girdwood and Professor
Huw Smith (Scottish Parasite Diagnostic Laboratory,
Department ot" Bacteriology, Stobhill Hospital,
Glasgow) for provision of facilities and their encourage-
ment and advice during the course of this sludy.

References

1 Colloir MJ, Ayrcs J, Ciirswell K cl al. The control of
iillergens of dust miles and domestic pels: a position
paper. Clin R\p Allergy 1992; 22 (Suppl. 2): I 28.

2 ColioH'MJ. Use of liquid niirogcii in the eontrol o!" house
dust mile populations. Clin Allergy 1986; 16:411 7.

3 DorwLird AJ, Colloir MJ, M;icKay NS, McSharry C.
Thompson NC. BITcct of hotise dust iniic iivoidiince
measures in adull alttpie asthma. Thora.x I98X: 43:98 102.

4 Boer R. de. Van der Geesl LPS. Housc-diisl mite (Pyro-
glyphidac) populations in matiresses and their eonlrol by
electrie blankets. Exp App! Acarol 1990: 9:113 22.

5 Mosbeeh H, Korsgaard J. Lliid P. Control of house dusl
mites by eleelricat healing blankels. J. .'Mleryy Clin
Immunol 1988; 81:7t)(i U).

(l Andersen A. Roesen J. House dusl mile. Dermato-
phagoides pleronyssiiuis, and ils allergens: efVecls of
washing. Allergy 1989; 44:396 400,

7 MeDonald L. Tovey K, The role of water temperature and
laundry procedures in redticing house dust mile populations
and allergen content of bedding. J Allergy Clin Immunol
1992: 90:599 608,

8 Oshima S. Nakannira Y. Sugila K. el al. [Population density
of the miles of Hoor alTeeled by the moisture content of the
Talami mat. with a particular reference for practical
prevenlion]. Ann Rep Yokohama Insl Pub! Hlth 1972;
no.; 11:62 9 [In Japanese].

9 Harving H, Hansen LG, Korsgaard J el al. House dust mite
allergy and anti-mile measures in Ihe indoor eiivironmenl.
Allergy 1991; 46 suppl. 11:33-8.

10 Yoshikawa M, Wauke T. Moro/umi S. EITecLs of a
dehuiuidilier on mites and fungi. Ann Rep Tokyo Melr
Res Lab Publ Hllh 1988: 39:237 44.

I I Korsgaard J. Mechanical venlilalion and house dust mites:
a controlled invcsiigalion. In: Van Moerbeke D. ed. Dust
Mile allergeiis and Aslhma. Brussels: UCB Insliiule of
Allergy. 1991:87 9.

12 Melntyrc D. Mcchanieal ventilation and house dust mites.
Clin Exp Allergy 1993; 23 suppl. 1:58 (abstr).

13 Wickman M. Enienius G. Egmar A-C. Axelsson G,
Pershagen G. Reduced mile allergon levels in dwellings
wilh meclianieal c.\hausl and supply ventilation. Clin Fixp
Allergy 1994:24:109 14.

14 Korsgaard J. Preventive measures in mile asthma. A
controlled trial. Allergy 1983; 28:93 102.

r 1995 Blackwell Science l.ld. Clinical ami Kxperinicnial .illcrgy. 25. \0b\ ir)(i6



1066 M. J. Colloff Q{ al.

15 Walshaw MJ. Evans CC Allergen avoidance in house dust
mitcscnsitivcadult asthma. Quart J Med 1986:58:199 215.

16 Colloff MJ. Mite ecology and microclimate in my bed. In:
Dc Week AL. Todi A. Mile Allergy, a World-Wide
Problem. Brussels: UCB Insiitiiie of Aileryy. iWS 51 4.

17 Arlian LG. Bernsiein IL. Gallagher JS. The prevalence of
house dust mites, Dermatophagoides spp., assoLialed
environmental conditions in homes in Ohio. J Allergy
Clin immnnol l')82: 6y:527 'SZ.

18 BischoIT E. Fischer A. New methods for the assessment of
mite numbers and results obtained from several textile
objects. Aerobiologia 1990:6:23 7.

19 Luczynska CM. Arruda LK, Platts-Mills TAL ct al. A iwo-
site monoelonal antibody ELISA for theqtiantitation of (he
major Dermatophagoides spp. allergens Der pl and Der 11.
J Immunol Methods 1989: 118:227-35.

20 Lombardero M, Heyman PW. Platts-Mills TAE, Fox JW.
Chapman MD. Conformational stability of B cell epitopes
on group I and group II Dermatophagoides spp. allergens.
niTeet of thermal and ehemical denaturation on the binding
ofrnurine igCi and lunnan IgE aniibodies. J Immunol 1990;
144:1355-60.

21 Ford SA. Tovey ER, Baldo BA. Effeei of rcduetion and
heat on the detection of house dust mite (Dermato-
phagoides pteronyssintis) allergen Der pi by prolein
blotting. Inl Areh Allergy Appl Immunol 1989: 89:318-20.

22 Stewart GA. Kollinger MR. King, CM. Thompson PJ. A
comparative study of three serine proteases from Dermato-
phayoides pteronyssinus and D. farinae. Allergy 1994;
49:553-60,

1995 Blaokwell Scicnci? Ltd. Cliiucut ami Expvrinu-nttil Alk-rgy. 25. 1061 1066






