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ENVIRONMENTAL DETERMINANTS

Daily Vacuuming of Mattresses Significantly Reduces House Dust Mite
Allergens, Bacterial Endotoxin, and Fungal β-Glucan
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Background and aims. Atopic patients are advised to cover their mattresses with occlusive coverings; however, these are not cheap. We
investigated whether daily vacuum cleaning of mattresses significantly reduces content of house dust mite allergens, bacterial endotoxin, and
fungal β-glucan. Methods. Twenty volunteers vacuumed their mattress daily for 8 weeks. Dust samples collected at two weekly intervals were
analyzed for house dust mite allergens (Der p 1 and Der f 1) by double monoclonal antibody ELISA and for endotoxin and β-glucan by the Limulus
amoebocyte lysate kinetic assay. Results are presented as geometric means with 95% confidence interval (CI). Results. Total house dust mite
allergens (Der p 1 þ Der f 1) significantly reduced from a geometric mean (95% CI) of 4.07 μg (2.44–6.79) at the start to 0.42 μg (0.21–0.81) at
week 8. Total endotoxin and β-glucan were also significantly reduced from 13.6 EU (8.6–21.4) to 3.4 EU (2.3–5.0) and from 94.4 μg (57.1–156.2)
to 19.7 μg (10.2–37.9), respectively (p for trend >.0001). Percentage reductions in total house dust mite allergens, endotoxin, and β-glucan after 8
weeks of daily vacuum cleaningwere 85.1% (80.1–90.1), 71.0% (70.4–81.0), and 75.7% (70.4–81.0), respectively. This was mainly due to a 77.7%
(70.8–84.7) reduction in total dust. Conclusion. Daily vacuum cleaning of mattresses over time significantly reduces house dust mite allergens,
endotoxin, and β-glucan. This gives atopic patients a practical and cheaper alternative to reduce their exposure to indoor house dust mite allergens
and microbial bio-contaminants.
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INTRODUCTION

Nowadays, about 90% of our lives are spent indoors and
exposure to indoor bio-contaminants plays a significant
role in allergic diseases and asthma. Of interest over the
years has been the role of indoor allergens from house dust
mites and domestic animals and its significance to allergic
diseases. Lately, indoor microbial products from bacteria
and fungi have also been shown to have a significant role
in allergic diseases. Studies have consistently shown that
sensitization to house dust mite allergens is strongly asso-
ciated with asthma in children and adults (1, 2), that the
development of atopy and asthma follows early childhood
exposure (3), that strict avoidance to house dust mite
allergens reverses asthma symptoms (4, 5), and that there
is a dose–response relation between house dust mite aller-
gen exposure and the severity of asthma in house dust
mite-sensitized children (6).

Epidemiological studies have suggested that micro-
organisms and their components, particularly bacterial
endotoxin and fungal β-glucan, may play a role in the
prevalence of asthma and may account for the frequently
observed association between home dampness and preva-
lence and severity of respiratory symptoms (7). Micro-
organisms are suspected to play a role not only as

producers of IgE-inducing allergens, but also as a source
of various agents that may induce nonimmunogenic
inflammatory reactions which may account for the occur-
rence of adverse respiratory effects (8, 9).

It is increasingly being recognized that the bedroom is
the main source of exposure as we spend approximately
one-third of our lives in bedwith allergen andmicrobial bio-
contaminants in bedding close to the airways. Indeed, it has
been shown that asthma symptoms in house dust mite-
sensitized asthmatics was positively related to levels of
house dust mite allergens in mattresses, but not in bedroom
floors (10). Allergic asthmatics are advised to practice aller-
gen avoidance. The main advice is to cover mattresses,
duvets, and pillows with allergen-impermeable covers.
However, many patients do not do this, most likely due to
the expense of totally covering all of the bedding (11).

Various studies have shown associations between fre-
quency of vacuuming and lower allergen levels (12–14)
and one study showed that daily vacuuming over a 6-week
period reduced allergen levels in carpets by about 68% but
returned to pre-study levels when daily vacuuming was
stopped and weekly vacuuming resumed (15). To our
knowledge, no such studies have been conducted on endo-
toxin or β-glucan levels. Furthermore, to our knowledge,
there have been no studies that determined whether fre-
quent vacuum cleaning of mattresses reduces allergen or
microbial bio-contaminant levels although one study
found that vacuuming the mattress more than twice a
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year resulted in significantly lower house dust mite aller-
gen (16) while another study found that weekly vacuuming
of mattresses had no effect on house dust mite allergens but
did reduce cat and dog allergens (17). The aim of our study
was to determine whether daily vacuum cleaning of mat-
tresses significantly reduces house dust mite allergens,
bacterial endotoxin, and fungal β-glucans over time.

MATERIAL AND METHODS

Participants

We asked 20 staff members of the Show Chwan Memorial
Hospital to participate. In order to increase compliance
with the daily vacuum cleaning each participant was
given a new vacuum cleaner (Philips Model FC8202,
1100 Watts, Shanghai, China). This also ensures that the
vacuuming was done with the same wattage vacuum clea-
ner as the suction strength is directly related to the amount
of dust collected. This vacuum cleaner was only used by
the participants for daily vacuuming of mattresses, not for
any other vacuuming regimes and dust bags were not
emptied during the testing period.

The study and objectives were explained to the partici-
pants who gave written informed consent. Ethical approval
of the study was granted by the Show Chwan Memorial
Hospital Ethics Committee. The participants were asked to
vacuum the top of the whole bare mattress every day for 2
minutes over an 8-week period. They also recorded the
dates they vacuumed and dates when they did not with
reasons of why.

Dust Collection and Preparation

Before commencing the daily vacuum cleaning, a research
nurse visited each participant’s home and obtained a
vacuumed dust sample from the mattress over a 1 M2

area for 1 minute, as previously described (12). The
research nurse then collected further mattress dust samples
at 2-week intervals during the 8-week study period.

Dust samples from mattresses are generally fine dust
and were not sieved. We have previously shown that not
sieving does not affect house dust mite allergen levels (18).
For house dust mite allergens, 100 mg aliquots of dust
were extracted with 1 ml of phosphate-buffered saline at
room temperature. For endotoxin, 200 mg aliquots of dust
were extracted with 5.0 ml of pyrogen-free water contain-
ing 0.05% Tween-20. For β-glucan, 20 mg aliquots of dust
were extracted with 20.0 ml of 0.3N NaOH. All extracts
were stored at �4�C before analysis.

Allergen, Endotoxin, and β-Glucan Measurements

The house dust mite allergens, Der p 1 and Der f 1, were
determined in the phosphate-buffered saline extracts by
double monoclonal antibody ELISA methods using com-
mercial kits from Indoor Biotechnologies (Charlottesville,
VA, USA), as previously described (19).

The pyrogen-free water dust extracts were analyzed for
endotoxin by a kinetic chromogenic amebocyte lysate
method using a commercial kit (Bio-Whitaker,

Walkersville, MD, USA) on 1:500 dilutions as previously
described (19).

β-Glucan levels were determined in the NaOH extracts
by a kinetic chromogenic amebocyte lysate method using a
commercial kit (Cape Cod, Falmouth, MA, USA) on
1:1000 dilutions as previously described (19).

Data Analysis

We analyzed the data using the statistical package R,
version 2.10.1 (Vienna, Austria, 2010). Results are
reported as geometric means. We used the Wilcoxon
sum-rank test to test for the differences between weeks.
For the test for trend we used a linear mixed model (lme
function in the R lme4 library). In order to allow for missed
days of vacuuming the number of times vacuumed was
used as the base of trend. This model uses two levels: in the
first level (intra-house) each house sequence of log daily
responses is modeled by an intercept term and a term for
the number of times cleaned; on the next level (inter-
house) the term for the number of times cleaned is eval-
uated for a linear trend. The p-values for this linear trend
term are reported here. This model was used to account for
the repeated measurements on the house. The model finds
the estimate of effect size that maximizes the model like-
lihood. We tested the model’s goodness-of-fit by examin-
ing the QQ plots for the fitted models. Statistical
significance was set at the p .05 level. Due to imperfect
compliance in daily vacuuming, as a sensitivity analysis
we also looked at the trend in allergen levels with number
of days of vacuuming carried out.

RESULTS

Of the 20 participants, six vacuumed every day for the 8-
week period (56 days). The other 14 participants missed
vacuuming on some days (due to not being home on
particular dates) ranging from 1 to 21 days. Missing days
were accounted for in the statistical analysis as described
above in the data analysis. Overall, daily vacuuming was
done 91.4% of the time. The results reported here are for
the intervention of asking people to vacuum daily; the
trend of reduced allergen levels was the same when we
looked at the actual number of times vacuuming was done
(data not shown).

Expressed as concentrations per amount of dust, there
were reduction in house dust mite allergens over the
8-week vacuuming period, but not for endotoxin or
β-glucan (Table 1). The reduction in house dust mite
allergens was significant for Der f 1, but just failed to
reach statistical significance for Der p 1 (p for trend .06).

When expressed as total amounts, there was a signifi-
cant reduction in house dust mite allergens, endotoxin, and
β-glucan levels over the 8-week vacuuming period
(Table 2). The amount of recoverable dust from the 1
M2/1 minute dust sampling procedures also significantly
reduced from a geometric mean level of 1.50 g at the start
of the study to 0.27 g at the end of the 8-week vacuuming
period. Table 3 shows that there was a significant
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percentage reduction in all parameters at the end of 8
weeks of daily vacuum cleaning.

DISCUSSION

This study has shown that daily vacuuming of mattresses
significantly reduces total amounts of house dust mite
allergens, endotoxin, and β-glucan. This reduction in
total amounts is most likely due to a reduction in dust
from the mattress through daily vacuuming which does
not necessarily eventuate in a reduction of their concentra-
tions. However, the concentrations of Der f 1 and Der p 1,
expressed per gram of dust, did decrease unlike endotoxin
and β-glucan. A possible reason is that the daily vacuum-
ing also decreased the number of live house dust mites over
time and thus leads to a decreased production of allergens.
However, we did not assess the effect of daily vacuum
cleaning on house dust mite numbers.

To our knowledge, there has been only two other stu-
dies that looked at the effect of daily vacuum cleaning on
house dust mite allergens. Adilah et al. (15) vacuumed
carpeted floors daily (except for weekends) for a 6-week
period and found that total amounts of Der p 1 decreased
on average 68% over that period. We achieved greater

percentage reductions in house dust mite allergens than
in the New Zealand study but our study time was longer, 8
versus 6 weeks. From our study data we hypothesize that
greater reduction could have been achieved if the study
time had been extended beyond the 8-week period. As can
be seen from the data in Table 2, the week eight total
amounts of house dust mite allergens, endotoxin, and
β-glucan were the lowest compared to the other weeks
and there was a downward trend throughout the study
period.

The New Zealand daily vacuuming study did find
that total amounts of Der p 1 returned to pre-study
levels 6 weeks after daily vacuuming was stopped
and weekly vacuuming resumed. We did not assess
that in our study but it would be likely that the same
would happen in mattresses, given previous studies
showing that new allergen-free mattresses and pillows
rapidly accumulate house dust mite allergens over time
(20, 21). This suggests that frequent vacuuming needs
to be maintained to keep allergen and bio-contaminant
levels low and this may lead to noncompliance if daily
vacuuming has to be done long-term. It would be of
interest to determine whether a less frequent vacuum-
ing regime, such as twice a week, would also result in
significant reductions over time.

Popplewell et al. conducted a study where house dust
mite allergic patients were instructed to daily vacuum
living room and bedroom carpets and at least weekly
their mattress with either standard or high-efficiency
vacuum cleaners (17). After 1 year there was no significant
change in Der p 1 from carpets or mattresses while a
significant reduction was found for the cat allergen, Fel d
1, in all sites. Dog allergen, Can f 1, was also reduced in the
mattresses. Interestingly, despite no decrease in Der p 1,
patients also sensitized to cat but not possessing a cat,
showed significant improvement in lung function.

TABLE 1.—Geometric means (95% CI) of house dust mite allergens, endotoxin, and β-glucan as concentrations per amount of dust.

Week 0 Week 2 Week 4 Week 6 Week 8 P-value for trend

Der p 1 (μg/g) 0.68 (0.32–1.40) 0.59 (0.28–1.23) 0.43 (0.16–1.14) 0.45 (0.19–1.10) 0.46 (0.23–0.92) .086
Der f 1 (μg/g) 1.18 (0.60–2.30) 1.32 (0.86–2.04) 0.94 (0.63–1.40) 0.7 (0.38–1.30) 0.69 (0.41–1.14) .001
HDM (μg/g) 2.72 (1.86–3.97) 2.25 (1.42–3.58) 1.80 (1.07–3.05) 1.75 (1.11–2.76) 1.47 (0.90–2.38) <.0001
Endotoxin (EU/mg) 91 (64–130) 108 (75–155) 94 (71–123) 98 (76–125) 97 (75–125) .468
β-Glucan (μg/g) 63.2 (46.1–86.6) 59.3 (44.4–79.3) 92.8 (65.2–132.0) 69.1 (50.5–94.5) 75.1 (54.1–104.0) .091

Notes: CI, confidence interval.
HDM¼ Der p 1 þ Der f 1.

TABLE 2.—Geometric means (95% CI) of house dust mite allergens, endotoxin, β-glucan, and dust weights as total amounts.

Week 0 Week 2 Week 4 Week 6 Week 8 P-value for trend

Der p 1 total (μg) 1.00 (0.45–2.25) 0.35 (0.16–0.73) 0.24 (0.10–0.59) 0.21 (0.09–0.49) 0.14 (0.06–0.32) <.0001
Der f 1 total (μg) 1.18 (0.60–2.30) 0.65 (0.32–1.32) 0.35 (0.18–0.68) 0.24 (0.11–0.49) 0.20 (0.11–0.38) <.0001
HDM total (μg) 4.07 (2.44–6.79) 1.12 (0.55–2.25) 0.69 (0.33–1.43) 0.57 (0.28–1.16) 0.42 (0.21–0.81) <.0001
Endotoxin total (EU) 136 (86–214) 68 (46–105) 60 (48–76) 38 (26–57) 34 (23–50) <.0001
β-Glucan total (μg) 94.4 (57.1–156.2) 28.4 (14.7–55.0) 37.0 (19.2–71.4) 23.7 (11.9–47.1) 19.7 (10.2–37.9) <0.0001
Dust weight (g) 1.50 (1.12–2.00) 0.49 (0.32–0.74) 0.36 (0.23–0.57) 0.31 (0.20–0.49) 0.27 (0.18–0.41) <.0001

Notes: CI, confidence interval; EU, endotoxin units.
HDM¼ Der p 1 þ Der f 1.

TABLE 3.—Percentage reduction in total amounts of house dust mite aller-
gens, endotoxin, and β-glucan after 8 weeks of daily vacuum cleaning.

Mean (95% CI)

Der p 1 81.8% (75.3–88.2)
Der f 1 86.3% (80.9–91.7)
HDM 85.1 % (80.1–90.1)
Endotoxin 71.0% (58.8–83.2)
β-Glucan 75.7% (70.4–81.0)
Dust weight 77.7% (70.8–84.7)

Notes: CI, confidence interval.
HDM¼ Der p 1 þ Der f 1.
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Various studies have demonstrated that more or less
frequent vacuuming is associated with either lower or
higher endotoxin and β-glucan levels (22–25). To our
knowledge, our study is the first to show that daily
vacuuming of mattresses significantly reduces endotoxin
and β-glucan levels as well as house dust mite allergens.

It is generally recommended that atopic patients adopt
allergen-avoidance practices. One major advice is that
patients completely cover their mattresses and bedding
with impermeable covers although one study demonstrated
that as a single intervention this was not clinically effective
in adult asthmatics (26). A meta-analysis also concluded
that house dust mite control measures were ineffective (27).
However, these studies have been criticized for their study
design (28). Some other studies have shown them to be
clinically effective when combined with other allergen-
avoidance measures (29). However, compliance with multi-
ple allergen-avoidance measures is generally poor (11).

CONCLUSION

Daily vacuuming of mattresses significantly decreased
levels of house dust mite allergens, endotoxin, and
β-glucan. This method offers sensitized patients a cheaper
option to reduce their exposure to bio-contaminants in their
bed. If used in addition to other allergen-avoidance meth-
ods, such as mattress encasings and regular washing of
bedding items, it might reduce their exposure even further.
In our study, none of the participants used mattress encas-
ings and, unfortunately, no information on bedding washing
was obtained. Compliance to allergen-avoidancemethods is
generally poor (30) and therefore patients may not comply
with daily vacuuming of their mattress, despite its low cost.
It has, however, been shown that either providing house
dust mite proof covers or home visits by a counselor greatly
improves compliance with house dust mite allergen-
avoidance strategies and are viable options (30, 31).

Further studies are required to determine whether these
reductions have a long-term clinical benefit and whether
prolonging the daily vacuuming beyond the 8 weeks of this
study further reduces their exposure. Vacuum cleaners,
including high-efficiency particulate-arrest-filter models,
leak allergens thus increasing personal house dust mite
allergen exposure either during vacuum cleaning or emp-
tying of the vacuum cleaner bag (32). However, it is gen-
erally recommended that house dust mite-sensitized
patients do not vacuum themselves and have nonsensitized
persons do the vacuum cleaning and do not enter the room
being vacuumed for at least half an hour after which all
airborne dust will have settled.

It is also not known whether other indoor allergens
found in bedding, such as Fel d 1 (cat) and Can f 1 (dog)
will also be reduced by daily vacuuming as we did not
analyze the dust samples for these allergens. However,
given that the average total dust weight recovered reduced
by nearly 80% after 8 weeks of daily vacuuming, it is
expected that any cat and dog allergen present would also
be significantly reduced. It has, however, previously been

shown that long-term weekly vacuuming of mattresses
significantly decreases Fel d 1 and Can f 1 levels (17). It
would also be of interest to determine whether the
achieved reductions in the mattress effects their levels in
bedding, such as duvets and pillows, given that pillow and
duvet allergen levels are determined by the mattress envir-
onment (20, 33).

ACKNOWLEDGMENTS

We thank Ming-Hui Ting for his help in this study. This
study was supported by a grant from the Show Chwan
Memorial Hospital, Taiwan, grant SCMHRD-99005-IRB-
990302.

DECLARATION OF INTEREST

The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of the
paper.

REFERENCES

1. Illi S, von Mutius E, Lau S, Nickel R, Niggemann B, Sommerfeld C,
Wahn U. The pattern of atopic sensitization is associated with the
development of asthma in childhood. J Allergy Clin Immunol 2001;
108:709–714.

2. Jaakkola MS, Ieromnimon A, Jaakkola JJ. Are atopy and specific IgE to
mites and molds important for adult asthma? J Allergy Clin Immunol
2006; 117:642–648.

3. Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure to house-
dust mite allergen (Der p 1) and the development of asthma in childhood.
A prospective study. N Engl J Med 1990; 323:502–507.

4. Platts-Mills TA, Tovey ER, Mitchell EB, Moszoro H, Nock P, Wilkins
SR. Reduction of bronchial hyperreactivity during prolonged allergen
avoidance. Lancet 1982; 2:675–678.

5. Ehnert B, Lau-Schadendorf S, Weber A, Buetnner P, Schou C, Wahn U.
Reducing domestic exposure to dust mite allergen reduces bronchial
hyperreactivity in sensitive children with asthma. J Allergy Clin
Immunol 1992; 90:135–138.

6. Peat JK, Tovey E, Toelle BG, Haby MM, Gray EJ, Mahmic A,
Woolcock AJ. House dust mite allergens. A major risk factor for child-
hood asthma in Australia. Am J Respir Crit Care Med 1996;
153:141–146.

7. Brunekreef B, Dockery DW, Speizer FE, Ware JH, Spengler JD, Ferris
BG. Home dampness and respiratory morbidity in children. Am Rev
Resp Dis 1989; 140:1363–1367.

8. Michel O, Ginnanni R, Le Bon B, Content J, Duchateau J, Sergysels R.
Inflammatory response to acute inhalation of endotoxin in asthmatic
patients. Am Rev Resp Dis 1992; 146:352–357.

9. Douwes J, Zuidhof A, Doekes G, van der Zee SC, Wouters I, Boezen
MH, Brunekreef B. (1!3)-β-D-glucan and endotoxin in house dust and
peak flow variability in children. Am J Respir Crit Care Med 2000;
162:1348–1354.

10. Custovic A, Taggart SC, Francis HC, Chapman MD, Woodcock A.
Exposure to house dust mite allergens and the clinical activity of asthma.
J Allergy Clin Immunol 1996; 98:64–72.

11. White KM, Nugent JS, Rathkopf MM. Dust-mite avoidance measures in
patients on immunotherapy. Allergy Asthma Proc 2008; 29:40–44.

12. Wickens K, Siebers R, Ellis I, Lewis S, Sawyer G, Tohill S, Stone L,
Kent R, Kennedy J, Slater T, Crothall A, Trethowen H, Pearce N,
Fitzharris P, Crane J. Determinants of house dust mite allergen in
homes in Wellington, New Zealand. Clin Exp Allergy 1997;
27:1077–1085.

142 F. F.-S. WU ET AL.

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
W

el
lin

gt
on

 M
ed

ic
al

 L
ib

ra
ry

 o
n 

02
/0

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



13. Yu CH, Yiin LM, Tina Fan ZH, Rhoads GG. Evaluation of HEPA
vacuum cleaning and dry steam cleaning in reducing levels of polycyclic
aromatic hydrocarbons and house dust mite allergens in carpets. J
Environ Monit 2009; 11:205–211.

14. McRae WM, Flannery EM, Cowan JO, McLachlan CR, Herbison GP,
Siebers RW, Crane J, Wong CS. House dust mite allergen levels in
university student accommodation in Dunedin. N Z Med J 2002; 115
(1157):U30.

15. 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.

16. MathesonMC, Dharmage SC, Forbes AB, Raven JM,Woods RK, Thien
FC, Guest DI, Rolland JM, HaydnWalters E, AbramsonMJ. Residential
characteristics predict changes in Der p 1, Fel d 1 and ergosterol but not
fungi over time. Clin Exp Allergy 2003; 33:1281–1288.

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

18. Mason K, Crane J, Fitzharris P, Siebers R. The effect of sieving on Der p
1 levels. Allergy 2001; 56:1012–1013.

19. Wu FS, Siebers R, Chang CF, Hsieh SW, Wu MW, Chen CY, Pierse N,
Crane J. Indoor allergens and microbial bio-contaminants in homes of
asthmatic children in central Taiwan. J Asthma 2009; 46:745–749.

20. Custovic A, Green R, Smith A, Chapman MD, Woodcock A. New
mattresses: how fast do they become a significant source of exposure
to house dust mite allergens? Clin Exp Allergy 1996; 26:1243–1245.

21. Rains N, Siebers R, Crane J, Fitzharris P. House dust mite allergen
(Der p 1) accumulation on new synthetic and feather pillows. Clin Exp
Allergy 1999; 29:182–185.

22. Bellanti JA, Zeligs BJ, MacDowell-Carneiro AL, Abaci AS, Genuardi
JA. Study of the effects of vacuuming on the concentration of dust mite
antigen and endotoxin. Ann Allergy Asthma Immunol 2000;
84:249–254.

23. BischofW, Koch A, Gehring U, Fallbusch B,WichmannHE, Heinrich J.
Predictors of high endotoxin concentrations in the settled dust of German
homes. Indoor Air 2002; 12:2–9.

24. Leung TF, Wong YS, Chan IH, Yung E, Wong CK, Lam CW, Wong
GW. Indoor determinants of endotoxin and dust mite exposures in Hong
Kong homes with asthmatic children. Int Arch Allergy Immunol 2000;
152:279–287.

25. Gehring U, Douwes J, Doekes G, Koch A, Bischof W, Fahlbusch B,
Richter K,WichmannHE, Heinrich J. Beta (1–3)-glucan in house dust of
German homes: housing characteristics, occupant behaviour, and rela-
tions with endotoxins, allergens, and molds. Environ Health Perspect
2001; 109:139–144.

26. Woodcock A, Forster L, Matthews E, Martin J, Letley L, Vickers
M, Britton J, Strachan D, Howarth P, Altmann D, Frost C, Custovic
A. Control of exposure to mite allergen and allergen-impermeable
bed covers for adults with asthma. N Engl J Med 2003;
349:225–236.

27. Gotzsche PC, Johansen HK. House dust mite control measures for
asthma: systematic review. Allergy 2008; 63:646–659.

28. Platts-Mills TA. Allergen avoidance in the treatment of asthma: pro-
blems with the meta-analyses. J Allergy Clin Immunol 2008;
122:694–696.

29. Hayden ML, Perzanowski M, Matheson L, Scott P, Calls RS, Platts-
Mills TA. Dust mite allergen avoidance in the treatment of hospita-
lized children with asthma. Ann Allergy Asthma Immunol 1997;
79:437–442.

30. Joseph KE, Adams CD, Cottrell L, Hogan MB, Wilson NW. Providing
dust mite-proof covers improves adherence to dust mite control measures
in children with mite allergy and asthma. Ann Allergy Asthma Immunol
2003; 90:550–553.

31. de Blay F, Fourgaut G, Hedelin G, Vervloet D, Michel FB, Godard P,
Charpin D, Pauli G. Medical indoor environmental counselor (MIEC):
role in compliance with advice on mite allergen avoidance and on mite
allergen exposure. Allergy 2003; 58:27–33.

32. Gore RB, Durrell B, Bishop S, Curbishley L, Woodcock A, Custovic A.
High-efficiency vacuum cleaners increase personal mite allergen expo-
sure, but only slightly. Allergy 2006; 61:119–123.

33. Mills S, Siebers R, Wickens K, Crane J, Purdie G, Fitzharris P. House
dust mite allergen in individual bedding components in New Zealand.
N Z Med J 2002; 115:151–153.

DAILY VACUUMING REDUCES MATTRESS BIO-CONTAMINANTS 143

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
W

el
lin

gt
on

 M
ed

ic
al

 L
ib

ra
ry

 o
n 

02
/0

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


