Allergy 2006: 61: 119-123

Original article

Copyright © Blackwell Munksgaard 2005
ALLERGY
DOI: 10.1111/j.1398-9995.2005.00946.x

High-efficiency vacuum cleaners increase personal mite allergen

exposure, but only slightly

Background: High-efficiency particulate-arrest-filter vacuum cleaners are
recommended to allergy sufferers although their use increases personal cat
allergen exposure. We aimed to measure personal mite allergen exposure during
vacuum cleaning by nasal air sampling and to compare exposures while vacu-
uming and emptying the vacuum cleaner bag.

Methods: Five brand new high-efficiency vacuum cleaners were selected. An old,
previously used vacuum cleaner with its original microfilter in situ was used as a
control. Nasal air samples were taken prior to and during vacuum cleaning in 10
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allergen exposure increased (P < 0.02).

exposure.

homes. Samples were processed by HALOgen assay. Personal mite and cat
allergen exposure was measured as the dust compartments were emptied.
Results: There was an increase in personal mite allergen exposure with vacuum
cleaning, which approached significance (P = 0.058). There was no difference
between the high-efficiency vacuum cleaners and the control vacuum cleaner
(P = 0.141). When the dust compartments were emptied, personal mite and cat

Conclusions. The increase in personal mite allergen exposure while vacuum

cleaning in an area with mild to moderate mite allergen exposure is small. High-
efficiency vacuum cleaners confer no benefit and cannot currently be recom- UK
mended to allergy sufferers as a means of reducing personal mite allergen
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Regular vacuum cleaning is recommended to allergy
sufferers as a means of reducing the concentrations of
domestic aeroallergens in carpeted floors (1). Vacuum
cleaners incorporating high-efficiency particulate-arrest
(HEPA) filters and synthetic or double-bag collection
systems are recommended by professional bodies (1) and
patient advocacy groups (e.g. British Allergy Foundation;
http://www.allergyuk.org/prod_soalist.html). Unlike old-
er designs (2), under experimental conditions these
vacuum cleaners do not leak appreciable amounts of
either pet (3—-5) or mite (6) allergens. However, recent
evidence shows that when these machines are used in
homes with cats, personal cat allergen (Fel d 1) exposure
increases (4, 7).

Mite allergens are airborne on aerodynamically larger
particles than cat or dog allergens (8) and for years
airborne mite allergen has been detectable only in
artificially disturbed conditions by using high-flow
pump-driven air samplers or low-flow samplers over long
sampling periods. Neither of these approaches can be said
to represent personal allergen exposure. Personal allergen
exposure can now be measured over short-time periods
using the nasal air sampler (NAS). This is a slot-impactor
device worn inside both nostrils with an adhesive
membrane which is capable of collecting more than

90% of particles over the size of 5 um (9). Captured
particles are then probed for specific allergen content by a
modified immunoblotting and colorimetric detection
technique (10), or eluted from the tapes and subjected
to allergen-specific ELISA. We recently used nasal air
samples to demonstrate a three to five-fold increase in
personal cat allergen exposure when modern vacuum
cleaners are used in homes with cats (4).

We aimed to: (a) compare personal mite allergen
exposure while using previously unused, new high-
efficiency vacuum cleaners with exposure while using a
previously-used, non-HEPA vacuum cleaner as a control
and (b) measure personal mite and cat allergen exposure
while emptying the vacuum cleaner dust compartments.

Methods
Vacuum cleaners

We selected five previously unused, new vacuum cleaners for testing:
the upright cleaners Electrolux Ultrasmart Vac Z4870 (Electrolux
plc, Luton, UK) and the Hoover Pure Power Pets 1600 (Hoover
Ltd, Merthyr Tydfil, UK), the cylinder cleaners Nilfisk GM410
(Nilfisk-Advance Ltd, Bury St Edmonds, UK) and Miele
‘The Solution 500’ (Miele Company Ltd, Abingdon, UK), and a
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water-filter cleaner Stimvak (‘Mitevak’; Stimvak Ltd, London, UK).
All new vacuum cleaners apart from the water filtration model had
integral HEPA filters. During testing, each of these vacuum cleaners
was compared with a 10-year old, used ‘control’ vacuum cleaner
(Electrolux Dolphin Superboost 1200W; Electrolux plc) with its
original non-HEPA microfilter in situ. Vacuum cleaner bags were
used as recommended by the manufacturers (either double-thick-
ness paper or synthetic fibre bags).

Field study design

The field study was conducted as part of a wider study which recently
reported the effects of vacuum cleaning on personal cat allergen
exposure (4). Vacuum cleaners were tested in pairs: each unused, new
vacuum cleaner was compared with the control vacuum cleaner. The
same two individuals tested five such pairs of vacuum cleaners once
each in five homes. Thereafter, a second pair of individuals compared
each of these five unused, new vacuum cleaners with the control va-
cuum cleaner once more, in a further five homes. Vacuum cleaners
were tested in a random order in the same room with a 3-day period
between the tests (no vacuuming was performed during this period).
Each of the two investigators took one baseline 15-min nasal air
sample (10, 11) while mimicking vacuum cleaning with the vacuum
cleaner switched off and then one 15-min sample taken during the
vacuum cleaning. Thus 10 pairs of experiments were performed and
20 NA samples were taken for each experimental condition.

Allergen exposure while emptying the vacuum cleaner

Personal exposure to mite allergen while emptying dust from a va-
cuum cleaner was measured as follows: after the field samples for
allergen exposure had been taken, the vacuum cleaners were emptied
of the collected dust into a waste bin in the house in accordance with
the manufacturers’ instructions. The person emptying the cleaner
(‘operator’) and a bystander standing alongside both wore NAS for
5 min before emptying the cleaner and then while the vacuum cleaner
was being emptied. Two individuals randomly assumed the roles of
‘operator’ and ‘bystander’. Unused, new and control vacuum cleaners
were compared in the same pairwise manner described above. The
control vacuum cleaner used bags, which could not be sealed. The
Electrolux, Miele, Nilfisk and Hoover cleaners had bags, which could
be sealed before removal. The Stimvak vacuum cleaner was emptied
by disposal of the aqueous solution of house dust.

Personal exposure to cat allergen while emptying dust was
measured as follows: vacuum cleaners were emptied after the
experimental chamber experiments and also after some additional
visits to homes with cats. For this purpose, vacuum cleaners were
not strictly assessed in test control pairs and therefore the overall
effect of emptying vacuum cleaners on cat allergen exposure was
examined, rather than differences between the test and control
vacuum cleaners. The same two individuals performed nasal air
sampling in a manner identical to that described above.

HALOgen assay

Nasal air samples were processed by the HALOgen technique
(Inhalix Pty, Sydney, Australia) (10). Each pair of adhesive tapes
from the NAS was laminated onto an individual protein-binding
membrane and immunostained using the appropriate primary
antibody: anti-Der p 1 for the field vacuum cleaning study and the
vacuum cleaner emptying experiments; anti-Fel d 1 for the experi-
mental chamber study and some of the vacuum cleaner emptying
experiments. Each allergen-bearing particle appeared as a ‘halo’ of
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colour surrounding an inspired particle. Samples were coded.
Particles were counted three times using light microscopy (x40) by
one experienced observer. The particle units were represented by
‘counts’ where one count was one observed allergen-bearing particle.

Statistical methods

A power calculation was based on preliminary data for Fel d 1 and
the use of five houses. The study was designed to have 92% power
with a 5% significance of detecting a 50% difference in allergen
exposure between switching the vacuum cleaners on and off and
also between the old and new groups of vacuum cleaners. This
assumed five houses. Count data were square root transformed for
analysis (12). A standard analysis of variance was used (SPSS 9.0;
SPSS Inc, Chicago, IL).

Results

Field study: effect of domestic vacuum cleaning on inhaled mite
allergen

The effect of switching on the vacuum cleaners approaches
significance [F(1,76) = 3.703, P = 0.058] (Table 1, Fig. 1).
There is no difference between the unused, new and control
vacuum cleaners [F(1,76) = 2.210, P = 0.141], thus
demonstrating that the increase is seen across both new
and control vacuum cleaners.

Field study: effect of emptying domestic vacuum cleaners on
inhaled cat and mite allergen

Emptying the vacuum cleaners resulted in a significant
increase in both mite [F(1,36) = 6.2, P < 0.02] and cat
[F(1,21) = 14.1, P < 0.02] allergen (Table 2, Fig. 2).
There was no difference between the control vacuum
cleaner and the unused, new models [F(1,36) = 0.73,
P =0.4] for mite allergen. There was no difference
between the counts for the operator and bystander for
either mite allergen [F(1,36) = 0.05, P > 0.8] or for cat
allergen [F(1,21) = 0.03, P > 0.8].

Discussion
There is an increase in personal mite allergen exposure
during vacuum cleaning with all vacuum cleaners, which

Table 1. Vacuum cleaning and allergen exposure: Der p 1 bearing particle counts
(halo units)

Der p 1 particle counts, median (range)

Baseline Vacuum cleaning
n 20 20
Control 2 (0-12) 4 (0-32)
New 2 (0-10) 2 (0-10)

Vacuum cleaners are grouped into either control or unused (new). Each value is the
median (range) of the observations in each cell (2 observers x 10 homes).
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Figure 1. Inhaled mite particle counts during vacuum cleaning.
The median count is indicated by +. NS, not significant (P >
0.1). “P = 0.058.

approaches significance. We previously tested these same
vacuum cleaners in an experimental chamber (4): none of
the unused, new vacuum cleaners leaked test allergen,
while the control vacuum cleaner did. Therefore leaky
seals and dust compartments are not the cause of the
increase in exposure. We propose that the increase is
caused by the agitation of the carpet dust reservoirs by
the back and forth motion of the vacuum cleaner with its
operator and, for upright cleaners, the action of the
beating-bar. Further support for this argument comes
from a recent comparison of central vacuum cleaners with
regular vacuum cleaners (13). Central vacuum cleaners
have their dust and exhaust ducted away from the site of
collection into a sealed compartment elsewhere on the
premises. Increases in allergen exposure caused by this
method of vacuum cleaning must therefore be due to the

Personal mite allergen exposure

actions of the cleaning head with its operator on the
carpet. Indeed, the study showed that both groups of
vacuum cleaners resulted in equivalent airborne dust and
Fel d 1 concentrations.

The numbers of mite allergen-bearing particles are
much lower than we have previously demonstrated for cat
allergen (4) and the magnitude of the increase with
switching on the vacuum cleaner is much smaller. This is
presumably because mite-bearing particles are aerody-
namically larger than those bearing pet allergens. Con-
sequently, they either settle quickly (8, 14) or are less
prone to re-dispersal by the sweeping mechanism.

Earlier studies of airborne mite allergen exposure in
homes used either high-flow fixed-position air samplers,
or low-flow lapel-mounted samplers. Under undisturbed
conditions, mite allergen levels were completely undetect-
able (8, 14, 15). Under conditions of light activity or
sleep, mite allergen was detectable, but required the
sampling of hundreds (16) to several thousands of litres of
air (17-19). Studies using smaller sampling volumes failed
to detect mite allergen (20). Two previous studies used
these methods to demonstrate an increase in airborne
mite allergen exposure during vacuum cleaning when
cleaners without any integral air filter were used. The use
of HEPA-filter vacuum cleaners resulted in less exposure
(21, 22). We demonstrated no difference in mite allergen
exposure between our control vacuum cleaners and the
unused, new group. This discrepancy may be due to
differences between the control machines in the different
studies: our control vacuum cleaner did have a filter in
place. Although this non-HEPA filter was years past its
replacement date, the use of such a vacuum cleaner as a
control may have diminished any difference in mite
exposure between the control and unused, new groups.
However, our control machine did leak test allergen in the
experimental chamber and its design better reflects
vacuum cleaners at the cheaper end of today’s market
than the vacuum cleaners used in older studies. It is
therefore an appropriate choice of control.

It is impossible to compare exposures from different
vacuum cleaner studies, which use different methodolo-
gies. The volume of air sampled in the study using low-
flow lapel-mounted samplers (22) was one-sixtieth of the
volume of air sampled in the study using fixed-position

Table 2. Cat and mite allergen inhalation while emptying a vacuum cleaner: Der p 1 and Fel d 1 bearing particle counts (halo units)

Fel d 1 particle counts, median (range)

Der p 1 particle counts, median (range)

Control New
n Baseline Emptying n Baseline Emptying Baseline Emptying
Operator 6 0(0-3) 29 (0-94) 5 0 (0-0) 2 (0-11) 2 (0-2) 0 (0-10)
Bystander 6 2 (0-2) 17 (1-154) 5 0(0-1) 2 (0-27) 0(0-1) 0 (0-7)
Combined 12 1(0-3) 25 (0-154) 10 0 (0-1) 2 (0-27) 1(0-2) 0 (0-10)

Each value is the median (range) of the observations in each cell. ‘Operator’ refers to the inhaled allergen particle count of the individual emptying the dust compartment.
‘Bystander’ refers to the inhaled allergen particle count of the individual standing close-by.
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Figure 2. Inhaled mite (A, B) and cat (C) particle counts while
emptying vacuum cleaners. The median count is indicated by +.
NS, not significant (P = 0.4). *P < 0.02. Numbers next to the
lowest counts refer to the number of pairs of zero—zero counts.
Sample numbers refer to the number of nasal air samples for
each condition.
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high flow samplers (21), yet the total Der p 1 collected in
both studies is of the same order of magnitude. Neither
method is likely to bear a close relationship to mite
allergen exposure as it occurs at the naso-respiratory
mucosa. In contrast, the NAS collects directly inspired
particles and detects changes in mite allergen concentra-
tion in the breathing zone, such as those caused by a
change of clothing (10). It is therefore a useful tool for
studying the effect of a change in environmental condi-
tions on personal allergen exposure.

The numbers of mite-bearing particles detected while
emptying dust compartments were higher than those
detected while vacuum cleaning. The new high-efficiency
vacuum cleaners had either double-bag or synthetic
impermeable bag systems, sealed by the user before
removal. However, sealing these bags produced a small
cloud of dust. This is not likely to represent significant
cumulative allergen load, yet in some occupational
circumstances, such exposure may be important.

Does prolonged use of HEPA-filter vacuum cleaners
result in a reduction in mite allergen exposure? Several
short-term studies have demonstrated reductions in
carpet mite allergen concentrations. In an area with high
endemic mite allergen levels, Vojta et al. (23) showed that
a single session of intensive vacuum cleaning with steam
cleaning could result in a transient reduction to levels
below the 10 pg/g threshold associated with symptom
exacerbation (24). Two further short-term studies dem-
onstrated some reduction in carpet mite allergen concen-
trations (25, 26). Arlian et al. (27) observed that in homes
with dry conditions maintained by dehumidification with
air conditioning, mite allergen concentrations fell to levels
almost below the 2 pg/g threshold associated with sensi-
tization. This presumably reflects clearance of allergens
and dead mites by carpet/floor cleaning. However, long-
term trials have not confirmed any beneficial effect of
high-efficiency vacuum cleaning on reservoir mite levels
(28, 29) and no data exist for the effects on personal mite
exposure. Attaining such a measure may help determine
whether further long-term trials are worthwhile.

We can extrapolate our data to estimate the personal
annual mite exposure caused by vacuum cleaning; assu-
ming that a mite faecal pellet contains around 0.1 ng of
Der p 1 (30) and that an individual vacuums once weekly
for 15 min, the annual exposure attributable to vacuum
cleaning in UK would be around 10 ng of Der p 1, 100-
200-fold lower than the annual exposure because of lying
in bed, estimated by nasal sampling (31). As the NAS will
collect a greater proportion of the larger mite allergen-
bearing particles than cat allergen-bearing particles (9),
we conclude that during vacuum cleaning, personal
exposure to Fel d 1 is greater than exposure to Der p 1.
Furthermore, exposure to Der p 1 from other domestic
sources such as lying in bed is much greater than from
vacuum cleaning.

At present, high-efficiency vacuum cleaners cannot
be specifically recommended to allergy sufferers on



the premise

that their wuse will

toms.

References

1.

10.

11.

Arlian LG, Platts-Mills TA. The biology
of dust mites and the remediation of mite
allergens in allergic disease. J Allergy
Clin Immunol 2001;107:S406-S413.

. Woodfolk JA, Luczynska CM, de Blay

F, Chapman MD, Platts-Mills TA. The
effect of vacuum cleaners on the con-
centration and particle size distribution
of airborne cat allergen. J Allergy Clin
Immunol 1993;91:829-837.

. Vaughan JW, Woodfolk JA, Platts-Mills

TA. Assessment of vacuum cleaners and
vacuum cleaner bags recommended for
allergic subjects. J Allergy Clin Immunol
1999;104:1079-1083.

. Gore RB, Durrell B, Bishop S, Curbishley

L, Woodcock A, Custovic A. High-effi-
ciency particulate arrest-filter vacuum
cleaners increase personal cat allergen
exposure in homes with cats. J Allergy
Clin Immunol 2003;111:784-787.

. Green R, Simpson A, Custovic A,

Woodcock A. Vacuum cleaners and
airborne dog allergen. Allergy
1999;54:403-405.

. Horak F. Clinical study of the effective-

ness of filters in vacuum cleaners for
reducing the concentration of dust mites
in the household. Wien Med Wo-
chenschr 1995;145:1-3.

. de Blay F, Spirlet F, Gries P, Casel S,

Ott M, Pauli G. Effects of various
vacuum cleaners on the airborne content
of major cat allergen (Fel d 1). Allergy
1998;53:411-414.

. de Blay F, Heymann PW, Chapman

MD, Platts-Mills TA. Airborne dust
mite allergens: comparison of group 11
allergens with group I mite allergen and
cat-allergen Fel d 1. J Allergy Clin
Immunol 1991;88:919-926.

. Graham JA, Pavlicek PK, Sercombe JK,

Xavier ML, Tovey ER. The nasal air
sampler: a device for sampling inhaled
aeroallergens. Ann Allergy Asthma
Immunol 2000;84:599-604.

De Lucca SD, O’Meara TJ, Tovey ER.
Exposure to mite and cat allergens on a
range of clothing items at home and the
transfer of cat allergen in the workplace.
J Allergy Clin Immunol
2000;106:874-879.

O’Meara TJ, De Lucca S, Sporik R,
Graham A, Tovey E. Detection of
inhaled cat allergen. Lancet
1998;351:1488-1489.

reduce personal
mite allergen exposure during vacuum cleaning. They
cannot therefore be claimed to reduce allergic symp-

20.

21.

22.

. Altman DG. Preparing to analyse data.

In: Practical statistics for medical
research. London: Chapman & Hall,
1991:122-151.

. van Strien RT, Driessen MN,

Oldenwening M, Doekes G, Brunekreef
B. Do central vacuum cleaners produce
less indoor airborne dust or airborne cat
allergen, during and after vacuuming,
compared with regular vacuum cleaners?
Indoor Air 2004;14:174-177.

. Tovey ER, Chapman MD, Wells CW,

Platts-Mills TA. The distribution of dust
mite allergen in the houses of patients
with asthma. Am Rev Respir Dis
1981;124:630-635.

. Custovic A, Simpson B, Simpson A,

Hallam C, Craven M, Woodcock A.
Relationship between mite, cat, and dog
allergens in reservoir dust and ambient
air. Allergy 1999;54:612-616.

. Sakaguchi M, Inouye S, Sasaki R,

Hashimoto M, Kobayashi C, Yasueda H.
Measurement of airborne mite allergen
exposure in individual subjects. J Allergy
Clin Immunol 1996;97:1040-1044.

. Sakaguchi M, Inouye S, Yasueda H,

Shida T. Concentration of airborne mite
allergens (Der I and Der II) during sleep.
Allergy 1992;47:55-57.

. Sakaguchi M, Inouye S, Yasueda H, Irie

T, Yoshizawa S, Shida T. Measurement
of allergens associated with dust mite
allergy II. Concentrations of airborne
mite allergens (Der I and Der II) in the
house. Int Arch Allergy Appl Immunol
1989;90:190-193.

. Swanson MC, Campbell AR, Klauck

MJ, Reed CE. Correlations between
levels of mite and cat allergens in settled
and airborne dust. J Allergy Clin
Immunol 1989;83:776-783.

Oliver J, Birmingham K, Crewes A,
Weeks J, Carswell F. Allergen levels in
airborne and surface dust. Int Arch
Allergy Immunol 1995;107:452-453.
Kalra S, Owen SJ, Hepworth J,
Woodcock A. Airborne house dust mite
antigen after vacuum cleaning. Lancet
1990;336:449.

Hegarty JM, Rouhbakhsh S, Warner JA,
Warner JO. A comparison of the effect
of conventional and filter vacuum
cleaners on airborne house dust mite
allergen. Respir Med 1995;89:279-284.

Acknowledgments

24.

25.

26.

27.

28.

29.

30.

31.

Personal mite allergen exposure

We thank Electrolux UK, Hoover UK, Nilfisk, Miele, and Stimvak
for supplying vacuum cleaners for testing.

. Vojta PJ, Randels SP, Stout J,

Muilenberg M, Burge HA, Lynn H et al.
Effects of physical interventions on
house dust mite allergen levels in carpet,
bed, and upholstery dust in low-income,
urban homes. Environ Health Perspect
2001;109:815-819.

Sporik R, Holgate ST, Platts-Mills TA,
Cogswell JJ. Exposure to house-dust
mite allergen (Der p I) and the develop-
ment of asthma in childhood. A pros-
pective study. N Engl J Med 1990;
323:502-507.

Adilah N, Fitzharris P, Crane J, Siebers
RW. The effect of frequent vacuum
cleaning on the house dust mite allergen,
Der p 1 in carpets: a pilot study.

N Z Med J 1997;110:438—439.

Munir AK, Einarsson R, Dreborg SK.
Vacuum cleaning decreases the levels of
mite allergens in house dust. Pediatr
Allergy Immunol 1993;4:136-143.
Arlian LG, Neal JS, Morgan MS,
Vyszenski-Moher DL, Rapp CM,
Alexander AK. Reducing relative
humidity is a practical way to control
dust mites and their allergens in homes in
temperate climates. J Allergy Clin
Immunol 2001;107:99-104.

Popplewell EJ, Innes VA, Lloyd-Hughes
S, Jenkins EL, Khdir K, Bryant TN et al.
The effect of high-efficiency and standard
vacuum-cleaners on mite, cat and dog
allergen levels and clinical progress.
Pediatr Allergy Immunol
2000;11:142-148.

Warner JA, Frederick JM, Bryant TN,
Weich C, Raw GJ, Hunter C et al.
Mechanical ventilation and high-effi-
ciency vacuum cleaning: a combined
strategy of mite and mite allergen
reduction in the control of mite-sensitive
asthma. J Allergy Clin Immunol
2000;105:75-82.

Tovey ER, Chapman MD, Platts-Mills
TA. Mite faeces are a major source of
house dust allergens. Nature
1981;289:592-593.

Gore RB, Hadi EA, Craven M, Smillie
FI, O’Meara TJ, Tovey ER et al.
Personal exposure to house dust mite
allergen in bed: nasal air sampling and
reservoir allergen levels. Clin Exp
Allergy 2002;32:856-859.

123



