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A review of the effects of impermeable bedding encasements on
dust-mite allergen exposure and bronchial hyper-responsiveness in
dust-mite-sensitized patients

G. M. Recer
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Introduction

Summary

Background Sensitization and exposure to dust-mite antigens are causative factors in the
development and exacerbation of asthma. Impermeable bedding encasements are considered a
first-line treatment to reduce dust-mite antigen exposure in clinical asthma-management guidelines.
Public-health recommendations for environmental asthma treatments should be based on the weight
of evidence supporting the reliability of environmental interventions so that uncertainties regarding
their effectiveness can be accurately communicated to patients, and so that limited public-health
resources can be most effectively utilized.

Objective To evaluate the strength of a clinical-trial evidence supporting the efficacy of bedding
encasements as an asthma treatment.

Methods A narrative review was conducted of all clinical trials involving bedding encasement for
the treatment of asthma. Collective statistical analyses were also performed to characterize the
quantitative effect of bedding encasement on dust-mite allergen exposure and bronchial hyper-
responsiveness (BHR) when used by asthma patients.

Results  Over 30 clinical trials were reviewed. Of those studies reporting adequate exposure and
BHR results, four reported significant reduction in dust-mite allergen exposure and concomitant
BHR reduction in active-treatment groups using bedding encasements. In 10 studies, mite-allergen
exposure was reportedly decreased during the study, but BHR was not changed in the active-
treatment group or was reduced to a similar degree in the active-treatment and control groups. Five
other studies reported a lack of significant effect of the intervention on exposure and BHR.
Collective paired analyses found that the effect of bedding encasement on allergen exposure and
BHR tended toward only a modest, non-significant improvement. Collectively, effects of bedding
encasement on BHR and dust-mite allergen exposure were modestly correlated only when the
baseline exposure was above 2 pug Type 1 antigen per gram settled dust.

Conclusion Although bedding encasement might be an effective asthma treatment under some
conditions, when implemented in clinical trials by asthma patients, its effectiveness is inconsistent
and appears to be, at best, modest. Therefore, its significance as a reliable asthma management
modality for any individual asthma patient is uncertain. Where resource constraints are significant,
targeting the use of variably effective interventions such as bedding encasements toward those patient
sub-populations most likely to derive substantial benefit may gain the largest net public-health
benefit.
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regions where dust mites are prevalent, residential dust-mite
allergen exposure is associated with sensitization, airway
inflammation and increased risk of exacerbations [5, 6].

Sensitization and exposure to house dust mite (HDM)
(Dermatophagoides spp.) allergens are causally related to both
development and exacerbation of asthma [1-4]. In geographic
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Conversely, dust-mite-sensitized asthma patients who are
moved to high-altitude or hospital environments where dust
mites are absent have reduced symptoms, reduced airway
inflammation markers and improved lung function [7-12].
Based on these observations, and because of the prominence of
dust-mite sensitization and exposure in allergic asthma, many
techniques have been suggested to reduce dust-mite allergen
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exposure in patients’ homes, with the goal of achieving clinical
improvement similar to that seen when patients are completely
removed from the source of exposure [13, 14].

Numerous clinical trials to assess the effectiveness of dust-
mite allergen-avoidance methods have been conducted, and
the results have been reviewed previously [13-20]. The general
conclusion from this body of literature has been that, while
some types of allergen-avoidance methods are not particu-
larly effective (e.g., chemical treatments [14], air filtration
[21]), the concept of residential dust-mite allergen avoidance
is supported as an effective approach to asthma treatment in
clinical trials [4]. However, the weight of evidence supporting
this conclusion has been questioned based on the results of a
formal meta-analysis of randomized, controlled trials com-
bining all forms of dust-mite allergen avoidance [15].

The use of impermeable bedding encasements is one specific
dust-mite allergen-avoidance treatment that has become a
nearly universal component of clinical asthma-management
guidance for health-care providers and allergic patients [14,
19, 20]. Their use is considered a first-line dust-mite control
measure, usually in combination with regular hot-water
laundering of bed linens. Recommendations for the use of
bedding encasements appear to be based on evidence from a
small number of clinical trials where mite-allergen exposure
was reduced and lung function improved when encasements
were used by asthma patients in their home [22, 23]. However,
other well-designed clinical trials have failed to observe
reduced asthma morbidity, even when dust-mite allergen
exposure appeared to be significantly reduced [24-27].

Clinical asthma management recommendations for the
universal use of bedding encasements as an allergen-avoidance
treatment for dust-mite-sensitized asthma patients have poten-
tial economic implications for patients and for public-health
agencies. For instance, if encasements are considered necessary
and effective asthma treatments, their costs could be reimburs-
able under the US Medicaid program. Similarly, a substantial
investment in resources would be committed by community-
based asthma intervention programmes that choose to include
universal provision of bedding encasements as a component of
their protocols. The reliability of obtaining reduced dust-mite
allergen exposure and concomitant health benefits from the use
of bedding encasements needs to be assessed to be able to make
effective, evidence-based public-health recommendations for
interventions or health-care expenditures in the face of limited
resources and competing priorities.

A thorough review evaluating the weight of evidence for the
effectiveness of bedding encasements when used by asthma
patients has not been published. The literature on dust-mite
allergen avoidance was reviewed and clinical trials incorpora-
ting some form of bedding encasement were analysed to
determine whether sufficient evidence exists to support
bedding encasement as a practical and clinically effective
method of dust-mite allergen avoidance when used by
sensitized asthma patients.

Materials and methods

Literature review

English-language articles in the open literature were sought
that included tests of any form of impermeable bedding

encasement as a component of asthma disease management in
a clinical trial. Studies were divided into two categories for
qualitative review — clinical trials where bedding encasement
was the only active treatment tested and clinical trials where
encasement was combined with one or more other allergen-
avoidance treatments. Clinical trials were only included in the
review if all study subjects were sensitized to HDM allergens
(in one case, about 65% of control and treatment patients were
sensitized [27]). All clinical studies of bedding encasement were
considered in the review — regardless of study design features
such as randomization, blinding or use of placebo controls — in
order to provide a complete picture of the literature evaluating
this allergen-avoidance technique. In cases where a conference
abstract and a subsequent full article did not appear to
represent precisely the same data set, both were included.

Quantitative analyses

Quantitative exposure and clinical data were obtained from
each study to develop a statistical model relating changes in
exposure to changes in objective lung function measures in
asthma patients. The analyses focused on bronchial hyper-
responsiveness (BHR) as a sensitive marker for how well a
patient’s asthma is being controlled and as a standardized
outcome measure less subject to bias than self-reported
endpoints such as symptoms or peak flow. Studies were
included in the quantitative analysis when they reported pre-
intervention and post-intervention histamine provocation
concentration (PCy) or dose (PD,g) associated with a 20%
decrease in forced expiratory volume in 1s (FEV)).

Exposure estimates were based on total Type 1 dust-mite
allergen content or whole mite counts in mattress-settled dust.
An approximate equivalency of 50 whole mites/g dust to 1 ug
Type 1 dust mite antigen/g dust was used when results were
reported as whole mite concentration [4, 28].

Exposure and outcome indices were calculated for each
study based on reported measures at baseline and at the final
time point reported for the intervention phase of each study.
Both indices were calculated as ratios of mean baseline and
ending exposure or outcome measures such that values >1
indicated improvement over the course of the intervention.
For each study, baseline and ending exposure and outcome
were estimated by the mean or median value reported for
each treatment group in the study design (hereafter referred
to as the mean value). In cases where central values were not
reported, an arithmetic mean of the individual data points
extracted from the study was calculated. If two groups both
included encasement among their treatments, a weighted
mean for the two groups was computed, using the groups’
sample sizes as the weights.

A few studies used encasement as a control against which to
compare some additional avoidance treatment (i.e., no non-
encasement control group was included). The encasement
control in those studies was considered to be the ‘active’
treatment group for purposes of the paired and dose-
response analyses, with no corresponding control data.

Statistical analysis

Parametric statistical analyses were performed on log;o-
transformed means or indices. Comparisons between baseline
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and ending mean values for BHR and mite exposure were
tested with paired #-tests. Wilcoxin signed-rank tests were
used to examine the direction of change in paired, untrans-
formed exposure and BHR metrics. Linear regression was
used to relate BHR index (BHRy,) to exposure index (EXPy,).
Analyses were performed on data weighted by the study
sample size. All statistical analyses were performed in
SYSTAT v. 9 (SPSS Inc.).

Results

Qualitative review

Thirty-three articles and conference abstracts were found that
contained original data from clinical trials of allergen
avoidance in asthma patients and that included some form
of bedding encasement as a component of treatment (Table 1).
Study designs were diverse and ranged from small, un-
controlled studies to randomized, double-blind, placebo-
controlled designs. Studies also varied in their presentation
of quantitative exposure and clinical-endpoint data.

Twelve studies (13 intervention periods) reported the results
of clinical trials involving only bedding encasement as the active
treatment [26, 27, 29-38]. Type 1 dust-mite antigen concentra-
tion in mattress dust was significantly reduced in the active
group in eight of the 10 intervention periods for which exposure
results were reported, with roughly 2-10-fold decreases
compared with baseline concentrations after study periods
ranging from 2 to 12 months. Control-group dust-mite antigen
concentrations in mattress dust were unchanged or decreased to
a lesser degree than for the active treatment groups.

BHR as assessed by histamine or methacholine provocation
testing [26, 31, 32, 35, 36], dust mite provocation testing [34,
36], exercise provocation [37] or by an unspecified provoca-
tion agent [33] was not significantly improved compared with
baseline in six of the nine BHR data sets for the active
treatment group. In five of those cases, a significant decrease
in allergen exposure was reported. Other clinical measures,
including baseline FEV,, symptom scores, self-reported peak
expiratory flow (PEF), total serum IgE, dust-mite skin
reactivity, inhaled steroid dose and blood eosinophil markers
were unchanged or changed to the same degree for active and
control groups in most cases. There was a decrease in one
serum eosinophil protein marker in the active group in one
study [32] and improvements in baseline FEV,, symptom
score and PEF variability in the active group in another [37].
Nasal symptoms improved in the active-treatment group
compared with baseline, but not compared with controls, in
one study [26] and steroid dose decreased to a greater degree
in the active group than in the control group in one study,
although BHR improvement did not differ [34].

The remaining 21 clinical trials were all combined-
treatment studies that included bedding encasement as one
of the treatment components [22-25, 28, 29, 39-53]. A
statistically significant reduction in mattress dust-mite ex-
posure was reported in the active-treatment group in 12 of 17
studies where dust sampling was conducted (Table 1). In two
of these studies, there was also a significant decrease in dust-
mite allergen exposure in the control group [24, 25]. Of the
seven studies where dust-mite allergen concentration was the
reported exposure metric, four had significant exposure

reductions in the active treatment group, but only two of
those [23, 44] had a baseline value above the level associated
with an increased risk of sensitization (2ug/g) [4-6] and
achieved a final level at or below that level.

A significant reduction in BHR (assessed by histamine
challenge in all studies) in the active treatment group, not
accompanied by a similar reduction in the control group, was
achieved in three of 11 combined-treatment studies [22, 23,
42]. In one study that included an encasement-only group and
an encasement+HEPA air filtration group, a significant BHR
reduction was achieved only in the encasement+HEPA
filtration group [40]. Of the seven other studies without a
significant BHR reduction in the active encasement treatment
group, five reported significant reductions in dust-mite
exposure in that group [24, 25, 39, 44, 50].

No consistent pattern of changes in other measures of asthma
morbidity was found among the 19 combined-treatment studies
reporting any other clinical results. Seven studies reported no
significant changes in any measured clinical parameters in
control or active treatment groups [29, 44, 46-48, 50, 52].
Among the remaining studies, improvements in subjective
symptoms scores, non-challenge lung function (FEV, or PEF)
or total IgE were each reported in about one-half of the studies
(not all the same studies).

Quantitative analyses

The direction of change in allergen levels (all metrics
combined) was towards decreased exposure at study end in
the active-treatment groups (18/19 decreased, Wilcoxin Z =
3.3, P<0.001; Table 2) and also in the control groups (13/16
decreased, Wilcoxin Z = 2.0, P =0.049). However, the mean
difference in active-treatment group exposure levels between
baseline and study end did not attain statistical significance
among all studies reporting Type 1 dust-mite allergen concen-
tration as the exposure metric (r=1.35, P=0.20, N = 15).
The result for control-group baseline vs. study-end exposure
levels was also not significant (= 0.53, P=0.61, N =13).
BHR decreased to some degree (i.e., histamine PC,, or
PD,, increased) in almost all studies in the active-treatment
group (11/12 increased PC/PD,,, Wilcoxin Z= —3.0,
P=0.0029; Table 2). The direction of change was also
towards decreased BHR in a majority of control groups, but
was not significant (6/9 increased PC/PD,y, Wilcoxin
Z= —1.2, P=0.21). However, the mean decrease in BHR,
as measured by histamine PC,,, was not significant for either
the active-treatment (1= —0.76, P =0.47, N=19) or control
(t=—0.41, P=0.70, N=17) groups in collective analyses.
BHR and exposure indices were unrelated based on a
weighted linear regression model of the logj,-transformed
indices for all studies reporting appropriate data (Table 3).
Limiting the regression analysis to those studies where the
baseline exposure level was at least 2 pug/g did not result in a
significant linear relationship, although the per cent variation
in BHRy, explained by a variation in EXPy, increased from
about 1% to about 17%. One study [44] in this subset had
regression diagnostics suggestive of a relatively large influence
on the regression. Exposure in the encasement group was
decreased in this study by about 60-fold, but BHR was un-
changed. A sensitivity analysis removing the data point from
the regression confirmed its strong influence and resulted in a
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Table 1. Qualitative summary of clinical trials evaluating bedding encasement as an asthma treatment

Effect on
HDM Effect on
exposure* BHR* Other clinical parameters improved* Included
Duration Other in statistical
Design? (months) Total N treatmentsi Control Active Control Active Control Active Reference analyses?§
nrprsbpc 05 <9 None ND ND ND ND ND - 29 No
nr ub uc 3 5 None ND ND ND ND ND Symptom score,

PEF, drug use 30 No
r usb pc 6 31 None ND + ND - ND IgE 31 No
r sb pc 3 31 None - + ND - - Eosinophil marker 32 Yes
r db pc 12 52 None - + - + - PEF, drug use 33 Yes
r db pc 12 38 None + + - + - - 35 Yes
r db pc 12 27 None - + =l Bl - - 36 No
r ub uc 4 12 None - = - - - Symptom scores,

PEF var, baseline FEV, 37 Yes
r db pc 6 47 None ND ND ND ND ND - 38 No
r db pc 12 30 None - + - - Quality-of- life Quality-of-life, nasal

symptoms 26 Yes
r db pc 12 47 None - + +* +** - Decreased steroid use 34 Yes
r db pc 6 965 None - + ND ND PEF++ PEF+} 27 No
r db pc 12 882 None - - ND ND Decreased Decreased steroid useft 27 No

steroid usett
nr ub uc 3-12 14 cg ND + ND ND ND Symptom scores, IgE 41 Yes
rubc 1.5 32 cg ND ND ND ND - - 48 No
nrubc 1 20 cg ND ND - + - Wheeze, drug use, PEF 42 No
nrprsbc 1 <9 f ND ND ND ND - - 29 No
rubc 12 42 cgcr - + - + - Symptom scores, spirometry,

PEF, drug use, IgE 22 Yes
ur ub xc 3 25 cg + + - - - IgE 24 Yes
rsb? c 12 16 d - + - + ND ND 23 Yes
rsbc 6 35 ad - - - - - - 52 Yes
rubc 6 40 d - - - - ND ND 49 Yes
ur ub pc 7 23 cgcerd ND - ND ND - PEF 43 No
r db pc 6 49 a - + - - - Symptoms, drug use,

baseline FEV4 39 Yes
r ub uc 3 26 cga ND + - - - - 50 Yes
r db pc 12 71 a - + ND ND - Symptom scores 28 Yes
rdbc 6 45 f - +1f - +1f ND Eosinophils, IgE 40 Yes
r ub pc 6 21 cgerd - - ND ND - PEF 51 Yes
ur ub uc 12 18 h ND + ND - ND - 44 Yes
r db pc 5 157 a + + - - Baseline FEV4 Baseline FEV4 25 Yes
rdbc 3 10o0r15 cgfa ND +? ND ND ND - 46, 478§ No
rsbpcc 12 85 cgp -9 -9 ND ND Acute visits || || Acute visits 53 No
urdbc 12 208 cgfd ND ND ND ND ? Symptom scores,

drug use, PEF 45 No

Study subjects all sensitized to house dust mite (HDM) antigen. BHR, bronchial hyper-responsiveness; PEF, peak expiratory flow; FEV4, forced expiratory volume
in 1s; PCy, provocation concentration; PD,o, provocation dose.

*+, significant improvement; —, no significant change; ND, not done; includes qualitative results reported relative to controls and results for all exposure and BHR
metrics. 1Study design parameters: r, randomized; nr, not randomized; pr, paired; sb, single blinded; db, double blinded; ub, unblended; usb, blinding unspecified;
pc, placebo control; c, control without placebo or placebo unspecified; xc, cross-over control; uc, uncontrolled. 1Other treatments: cg, cleaning or laundry guidance;
f, air filtration; cr, carpet removal; a, acaricide; d, denaturant; h, hyposensitization; p, pesticide application. §Only studies with appropriate exposure data (dust mite
allergen loading or concentration) and/or appropriate bronchial hyper-responsiveness data (histamine PCy, or PDyo) were included in quantitative statistical
analyses (Tables 2 and 3). 9Dust-mite antigen provocation BHR and histamine provocation BHR both negative. || Interim values were significantly reduced
compared to controls. **Dust-mite antigen provocation BHR rather than histamine. f{Several other secondary outcomes were also not significant comparing
control and active groups. IiSignificant effect only in combined treatment group (encasements+HEPA filtration). §§Unclear whether these two references
represent one study or two. ¢¢/About one-third of homes in placebo and active groups had >70% reduction from baseline; no formal statistics, but results in two
groups were similar. | || Effects only seen in the placebo control group, not in untreated control; results in placebo and active groups did not differ.

significant linear relationship between BHR and dust-mite dust from a baseline concentration >2pg/g. For all linear

allergen exposure for the remaining groups (R>=0.43, models, the modelled log(BHRy,) intercept was in the
P =10.04, N=10). The slope of this model suggests that an direction of slightly improved BHR at no change in exposure
average 2-fold increase in PC,y would require a 10-fold from baseline to study end (0.038-0.18). However, none of

average decrease in Type 1 allergen concentration in mattress the intercept coefficients was significantly different from zero.
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Table 2. Paired comparisons of collective results for baseline and study end from clinical trials evaluating bedding encasement as an asthma treatment

Weighted*
arithmetic
(geometric) mean

Active treatment or Log-scale

control group Metric Units  Baseline End difference N (pairs) t P
Paired t-test results

Active Type 1 dust mite allergen concentration pg/g 12.8 (5.5) 3.1 (0.88) 0.80 15 1.35 0.20
Control Type 1 dust mite allergen concentration pg/g 8.3 (4.8) 7.7 (3.5) 0.14 13 0.53 0.61
Active BHR (histamine PCy) mg/L 21 (1.1) 3.2 (1.6) -0.19 9 —0.76 0.47
Control BHR (histamine PCyo) mg/L 1.7 (1.0 2.0 (1.3) —0.11 7 —0.41 0.70
Active treatment or # Baseline # Baseline

control group Metric Units mean > end mean mean < end mean N (pairs)  Wilcoxin Z P

Wilcoxin signed-rank test results

Active All dust mite exposure metrics Mixed 18 1 19 3.3 <0.001

Control All dust mite exposure metrics Mixed 13 3 16 2.0 0.049

Active BHR (histamine PCy or PDyo) Mixed 1 11 12 -3.0 0.0029
Control BHR (histamine PCyo or PDyg) Mixed 3 6 9 —-1.2 0.21

BHR, bronchial hyper-responsiveness; PCyg, provocation concentration; PD,o, provocation dose.

*Weighted by study sample size.

Table 3. Linear regression analysis of BHR,, and EXP,, from clinical trials evaluating bedding encasement as an asthma treatment

Results included in model Regression model™f R? N ti P

All studies Log(BHR,) = 0.03log(EXP|,)+0.18 0.012 21 0.49 0.63
Baseline exposure >2ug/g Log(BHR,) = 0.19log(EXP,,)+0.092 0.17 11 1.4 0.20
Baseline exposure >2ug/g and reference [44] censored Log(BHR,) = 0.33log(EXP,)+0.038 0.43 10 2.4 0.04

BHR,were derived for those studies reporting histamine PCyo or PD»o. EXP),, were derived for those studies reporting Type 1 dust mite allergen concentration or
loading. BHR,, bronchial hyper-responsiveness index; EXP,,, exposure index; PCyo, provocation concentration; PD,g, provocation dose.

*Weighted by study sample size. tBHR, =(mean bronchial hyper-responsiveness at study end)/(mean bronchial hyper-responsiveness at baseline);
EXP,, = (mean exposure at baseline)/(mean exposure at study end). fFor test of slope estimate vs. zero.

Discussion

Based on the collective evidence from the studies reviewed,
there does not appear to be strong support from clinical trials
for the reliable effectiveness of bedding encasement as a
practical allergen-avoidance treatment that can be readily
implemented by asthma patients in their homes. Among those
studies with adequate exposure and BHR data, four studies
reported improvement in BHR in dust-mite-sensitive asth-
matics concomitant with dust-mite antigen exposure reduc-
tion following bedding encasement [22, 23, 33, 35]. However,
14 studies of bedding encasement in patients’ homes either
failed to show an improvement in BHR, even though dust-
mite antigen exposure was reduced [24-26, 32, 36, 37, 39, 44,
50] or were unable to demonstrate a significant reduction in
dust-mite exposure compared with baseline or with controls
[43, 49, 51-53]. One study found a similar improvement in
BHR in active-treatment and control groups despite a much
larger exposure decrease in the active group compared with
the controls [34].

It is conceivable that intervention trials might demonstrate
improvements in clinical outcomes such as reduced symptoms
without observing reductions in BHR. However, the use of
bedding encasement in published clinical trials was not
consistently associated with improvement in other endpoints,

including self-reported symptoms, medication use, baseline
lung function or acute medical visits. In several cases,
improvements in these endpoints in the intervention group
were accompanied by similar improvements in the placebo
group.

Quantitatively, the average dust-mite antigen exposure in
the studies reviewed here was decreased approximately 4-fold,
but was not reduced below 2pg Type 1 antigen/g dust and
was not quite statistically significant. Similarly, BHR showed
a modest, non-significant average decrease in the active-
treatment groups. The qualitative and quantitative results do
indicate that bedding encasement has the potential to reduce
dust-mite antigen exposure in mattress dust and improve lung
function in asthma patients. However, as a practical measure,
the effectiveness achieved when implementing bedding
encasement is inconsistent and it appears to be, at best,
modest. Therefore, its significance as a reliable asthma
management modality for any individual asthma patient is
uncertain.

Since mid-2002, five randomized, double-blind, placebo-
controlled clinical trials of bedding encasements as the sole or
primary allergen-avoidance treatment for dust-mite-sensitized
asthma or rhinitis patients have been published [26, 27, 34,
38, 54]. The only clinical improvement demonstrated in these
five studies was a decrease in inhaled steroid use in one
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active-treatment group compared with baseline and controls
[34]. Other clinical outcome measures in that study and all
outcome measures in the other four studies (including
BHR, peak flow, allergen-specific nasal provocation testing,
pulmonary and nasal symptom scores and quality-of-life)
were either unchanged in both groups, or were improved to
the same degree in the treatment and control groups. This
despite significant decreases in dust-mite antigen levels in
mattress dust in all active-treatment groups compared with
baseline and to controls in the four studies where dust
sampling was conducted. The current analysis is consistent
with conclusions from these studies that most dust-mite-
sensitized patients are unlikely to derive substantial clinical
benefit from the use of bedding encasements as their sole
allergen-avoidance treatment.

In an editorial accompanying the two most recent studies,
Platts—Mills suggested that placebo effects and unrecognized
confounders (e.g., other allergens, endotoxin, changes in
physical activity) could be obscuring the correct interpreta-
tion of allergen-avoidance interventions [55]. Interpretation
of bedding-encasement trials (and, by extension, other dust-
mite avoidance trials) may also be affected by exposure
misclassification with respect to the primary allergen of
concern (i.e., dust mites). By focusing almost exclusively on
antigen in mattress dust as the exposure indicator in these
studies, clinically meaningful exposure reduction may have
been frequently over-estimated. For instance, De Blay et al.
[56] reported that airborne dust-mite allergen was not reduced
in rooms where dust-mite allergen levels were effectively
reduced on mattress surfaces by encasement. They suggested
that the mattress base was a continuing source of airborne
allergen. Carpeting and upholstered furniture are other
potential dust-mite allergen sources in the home that may
contribute significantly to overall exposure, despite adequate
control of bedding exposure [57].

Reservoir sampling per se may also be a contributing factor
to the inconsistent relationship between presumed exposure
reduction and clinical improvement. Antigen concentration in
settled dust is only a surrogate for what would presumably be
more relevant measures of exposure such as inhaled dose or
allergen dose delivered to the lung [4]. It is well known that
the relatively rapid settling of the large particles carrying dust-
mite antigens in undisturbed air makes assessing inhaled
exposure difficult under quiescent conditions [58—60]. How-
ever, some dust-mite allergens are carried on smaller particles
and can be detected in air after reservoir disturbance [61]. The
assumption that a reduction in proxy allergen exposure due to
an allergen-avoidance protocol implies a reduction in inhaled
dose may be faulty if the amount of inhaled allergen from
exposure to transient airborne-allergen peaks is not well
correlated with total reservoir allergen load. Personal air
sampling for inhaled allergens using an intranasal sampler
has the potential to improve the precision of estimating
relevant changes in allergen exposure due to avoidance
protocols by integrating inhaled dose over all domestic
activities and allergen sources during a given time period
[62-68]. This approach is more likely to reflect accurately
exposure from transient spikes in airborne antigen levels due
to disturbance of sources than simple grab samples of room
air and could be a significant improvement to the design of
allergen-avoidance intervention trials.

If bedding encasements alone do not adequately control
dust-mite allergen exposure because of other sources in the
home, more comprehensive avoidance protocols attempting
to control many sources simultaneously might be expected to
have better success [55]. However, in the studies reviewed
here, combined treatment protocols were not noticeably more
effective than were protocols employing only encasements.
The complex requirements of implementing comprehensive
allergen-avoidance protocols in patients’ homes may reduce
compliance and thereby compromise the protocol’s potential
effectiveness [19]. Factors including cost, patient or parental
stress, lack of time, feelings by parents of neglecting their
child in order to comply with protocols, disagreements
between partners about housework or other aspects of
allergen avoidance, lack of confidence that changes would
help and complacency have all been cited by patients or their
parents as reasons for failing to comply fully with allergen
avoidance recommendations or protocols [69-72]. Even when
patients had increased knowledge regarding all dust-mite
allergen-avoidance recommendations, they were not signifi-
cantly more likely to implement those recommendations than
less knowledgeable patients [73], although they did implement
bedding encasement more frequently. There is emerging
evidence that compliance with allergen-avoidance protocols
can be improved through direct in-home educational efforts,
as opposed to simple written or oral instructions from
providers, and by providing allergen-avoidance materials free
of charge [74-78].

Certain patients may be more likely to benefit from the use
of bedding encasements than others. In a multi-centre study
of patient counselling and home-environment interventions in
inner-city children with asthma, most of the benefits observed
in reduced symptom days accrued among patients with severe
asthma [75]. An economic follow-up of patients in that study
also found that net cost savings in terms of reduced medical
costs relative to the cost of the intervention were only
observed in the severe-asthma subset [79]. Where resource
constraints are significant, targeting the use of variably
effective interventions such as bedding encasements toward
those patient sub-populations most likely to derive substan-
tial benefit (in terms of disease status and/or reduction in
medical costs) may gain the largest net public-health benefit.
If universal recommendation of bedding encasements or other
interventions of similarly variable effectiveness is deemed
prudent, patients should be fully informed that the degree of
benefit to be gained by an individual patient is uncertain, that
it may be small and that achieving a clinically meaningful
benefit may require continued compliance with several
allergen-avoidance techniques.

Acknowledgements

The initial impetus for the study evolved out of discussions
with Drs Harvey Bernard and Dan Luttinger. Drs Dan
Luttinger, Nancy Kim and Ed Horn, and two referees
provided helpful comments on earlier versions of the manu-
script. Support was provided by the University at Albany,
School of Public Health and the New York State Department
of Health.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 34:268-275



274 G. M. Recer

—_

References

Call RS, Smith TF, Morris E, Chapman MD, Platts-Mills TAE.
Risk factors for asthma in inner city children. J Pediatr 1992;
121:862—6.

Sears MR, Herbison GP, Holdaway MD, Hewitt CJ, Flannery
EM, Silva PA. The relative risks of sensitivity to grass pollen, house
dust mite, and cat dander in the development of childhood asthma.
Clin Exp Allergy 1989; 19:419-24.

Sporik R, Holgate ST, Platts-Mills TAE, Cogswell JJ. Exposure to
house-dust mite allergen (Der p I) and the development of asthma
in childhood. N Engl J Med 1990; 323:502-7.

Institute of Medicine (IOM). Clearing the air. Asthma and indoor
air exposures. Committee on the Assessment of Asthma and Indoor
Air. Washington, DC: National Academy Press, 2000, 438pp.
Platts-Mills TAE, DeWeck AL. Dust mite allergens and asthma, a
worldwide problem. Bull WHO 1988; 66:769-80.

Platts-Mills TAE, Vervloet D, Thomas WR, Aalberse RC, Chap-
man MD. Indoor allergens and asthma, report of the Third
International Workshop, Cuenca Spain. J Allergy Clin Immunol
1997; 100:S2-24.

Platts-Mills TAE, Tovey ER, Mitchell EB, Moszoro H, Nock P,
Wilkins SR. Reduction of bronchial hyper-reactivity during
prolonged allergen avoidance. Lancet 1982; 2:675-8.

Boner AL, Niero E, Antolini I, Valletta EA, Gaburro D.
Pulmonary function and bronchial hyperreactivity in asthmatic
children with house dust mite allergy during prolonged stay in the
Italian Alps (Misurina 1756 m). Ann Allergy 1985; 54:42-5.
Piacentini GL, Martinati L, Fornari A et al. Antigen avoidance in a
mountain environment, influence on basophil releasability in
children with allergic asthma. J Allergy Clin Immunol 1993;
92:644-50.

Piacentini GL, Bodini A, Costella S et al. Allergen avoidance is
associated with a fall in exhaled nitric oxide in asthmatic children.
J Allergy Clin Immunol 1999; 104:1323-4.

Peroni DG, Boner AL, Vallone G, Antolini I, Warner JO. Effective
allergen avoidance at high altitude reduces allergen-induced
bronchial hyperresponsiveness. Am J Respir Crit Care Med 1994;
149:1442-6.

van Velzen E, van den Bos JW, Benckhuijsen JAW, van Essel T, de
Bruijn R, Aalbers R. Effect of allergen avoidance at high altitude
on direct and indirect bronchial hyperresponsiveness and markers
of inflammation in children with allergic asthma. Thorax 1996;
51:582-4.

Custovic A, Simpson A, Chapman MD, Woodcock A. Allergen
avoidance in the treatment of asthma and atopic disorders. Thorax
1998; 53:63-72.

Arlian LG, Platts-Mills TAE. The biology of dust mites and the
remediation of mite allergens in allergic disease. J Allergy Clin
Immunol 2001; 107:S406-13.

Ggtzsche PC, Hammarquist C, Burr M. House dust mite control
measures in the management of asthma, meta-analysis. Br Med J
1998; 317:1105-10.

Tovey E, Marks G. Methods and effectiveness of environmental
control. J Allergy Clin Immunol 1999; 103:179-91.

Boleman WT. A look at indoor allergen environmental control.
Pediatr Asthma Allergy Immunol 2000; 14:301-5.

Vaughan JW, Platts-Mills TAE. New approaches to environmental
control. Clin Rev Allergy Immunol 2000; 18:325-39.

Eggleston PA. Methods and effectiveness of indoor environmental
control. Ann Allergy Asthma Immunol 2001; 87 (6 Suppl. 3):44-7.
Eggleston PA, Bush RK. Environmental allergen avoidance, an
overview. J Allergy Clin Immunol 2001; 107:S403-5.

Reisman RE. Do air cleaners make a difference in treating allergic
disease in homes? Ann Allergy Asthma Immunol 2001; 87
(Suppl.):41-3.

22

23

24

25

26

27

28

29

30

3

—

32

33

34

35

36

37

38

39

40

Walshaw MJ, Evans CC. Allergen avoidance in house dust mite
sensitive adult asthma. Q J Med 1986; 58:199-215.

Ehnert BL, au-Schadendorf S, Weber A, Buettner P, Schou C,
Wahn U. Reducing domestic exposure to dust mite allergen reduces
bronchial hyper-reactivity in sensitive children with asthma.

J Allergy Clin Immunol 1992; 90:135-8.

Gillies DRN, Littlewood JM, Sarsfield JK. Controlled trial of
house dust mite avoidance in children with mild to moderate
asthma. Clin Allergy 1987; 17:105-11.

Cloosterman SGM, Schermer TRIJ, Bijl-Hofland ID et al. Effects of
house dust mite avoidance measures on Der p 1 concentrations and
clinical condition of mild adult house dust mite-allergic asthmatic
patients, using no inhaled steroids. Clin Exp Allergy 1999; 29:1336-46.
Rijssenbeek-Nouwens LHM, Oosting AJ, de Bruin-Weller MS,
Bregman I, de Monchy JGR, Postma DS. Clinical evaluation of the
effect of anti-allergic mattress covers in patients with moderate to
severe asthma and house dust mite allergy, a randomised double
blind placebo controlled study. Thorax 2002; 57:784-90.
Woodcock A, Forster L, the Medical Research Council General
Practice Research Framework et al. Control of exposure to mite
allergen and allergen-impermeable bed covers for adults with
asthma. N Engl J Med 2003; 349:225-36.

Chen CC, Hsieh KH. Effects of Microstop-treated anti-mite
bedding on children with mite-sensitive asthma. Acta Paediatr Sin
1996; 37:420-7.

Bowler SD, Mitchell CA, Miles J. House dust control and asthma,
a placebo-control trial of cleaning air filtration. Ann Allergy 1985;
55:498-500.

Denman AM, Cornthwaite D. Control of house dust mite antigen
in bedding. Lancet 1990; 335:1038.

Birnbaum J, de Blay F, Paty E et al. Clinical study of bedding
covers in mite-allergic asthmatic patients. J Allergy Clin Immunol
1996; 97 (1 Part 3):223.

Frederick JM, Warner JO, Jessop WJ, Enader I, Warner JA. Effect
of bed covering system in children with asthma and house dust mite
hypersensitivity. Eur Respir J 1997; 10:361-6.

Halken S, Niklassen U, Hansen LG et al. Encasing of mattress in
children with asthma and house dust mite allergy. J Allergy Clin
Immunol 1997; 99 (Suppl.):S320.

Halken S, Niklassen U, Host A et al. Effect of mattress and pillow
encasings on children with asthma and house dust mite allergy.

J Allergy Clin Immunol 2003; 111:169-76.

van der Heide S, Kauffman HF, Dubois AEJ, de Monchy JGR.
Allergen-avoidance measures in homes of house-dust-mite-allergic
asthmatic patients, effects of acaricides and mattress encasings.
Allergy 1997; 52:921-7.

Rijssenbeek-Nouwens L, Oosting AJ, Bregman I, Postma D, de
Monchy J, de Bruin-Weller M. The effect of anti-allergic mattress
coverings on allergen sensitivity in the airways and on bronchial
responsiveness to histamine in house dust mite allergic asthmatic
patients. J Allergy Clin Immunol 1999; 103 (Suppl.):S12.

Thiam DGY, Tim CF, Hoon LS, Lei Z, Bee-Wah L. An evaluation
of mattress encasings and high efficiency particulate filters on
asthma control in the tropics. Asian Pacific J Allergy Immunol
1999; 17:169-74.

Sheikh A, Hurwitz B, Sibbald B, Barnes G, Howe M, Durham S.
House dust mite barrier bedding for childhood asthma, randomised
placebo controlled trial in primary care [[SRCTN63308372].
BMC Family Practice 2002; 3:12-17, published online at
www.biomedcentral.com/1471-2296/3/12 (accessed 19 February,
2003).

Carswell F, Birmingham K, Oliver J, Crewes A, Weeks J. The
respiratory effects of reduction of mite allergen in the bedrooms of
asthmatic children — a double-blind controlled trial. Clin Exp
Allergy 1996; 26:386-96.

van der Heide S, Kauffman HF, Dubois AEJ, de Monchy JGR.
Allergen reduction measures in houses of allergic asthmatic

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 34:268-275



275

Encasements, dust mites and bronchial hyper-responsiveness

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
60

61

patients, effects of air-cleaners and allergen-impermeable mattress
covers. Eur Respir J 1997; 10:1217-23.

Sarsfield JK, Gowland G, Toy R, Norman ALE. Mite-sensitive
asthma of childhood. Trial of avoidance measures. Arch Dis Child
1974; 49:716-21.

Murray AB, Ferguson AC. Dust-free bedrooms in the treatment of
asthmatic children with house dust or house dust mite allergy, a
controlled trial. Pediatrics 1983; 71:418-22.

Hayden M, Persanowski M, Call R, Matheson L, Scott J, Platts-
Mills TAE. Effect of dust mite allergen avoidance in homes of
children hospitalized with acute asthma. J Allergy Clin Immunol
1996; 97 (1 Part 3):224.

Paul K, Klettke U, Wahn U. The combined influence of
immunotherapy and mite allergen reduction on bronchial hyper-
responsiveness in mite-sensitive asthmatic children. Eur J Pediatr
1998; 157:109-13.

Reis AP. Mite control in homes of mild and moderated asthmatics
children in Belo Horizonte, Brazil. J Allergy Clin Immunol 2001;
107 (2 Part 2):S121.

McNeil D, Glass E, Bu Z, Wilson L, Needham G, Eidleman F.
Integrated approach to reducing dust mite and mold antigen levels
in the homes of asthmatics. J Allergy Clin Immunol 2000; 105 (1
Part 2):S235.

Glass EV, Bu Z, Bushey S, Needham GR, Eidelman FJ, McNeil
DL. Integrated management of mold and dust mite allergens in the
homes of asthmatics. J Allergy Clin Immunol 2001; 107 (2 Part
2):5120.

Burr ML, St Leger AS, Neale E. Anti-mite measures in mite-
sensitive adult asthma. A controlled trial. Lancet 1976; 1:333-5.
Jooma OF, Weinberg EG, Berman D, Manjra Al, Potter PC.
Accumulation of house-dust mite (Der-p-1) levels on mattress
covers. South African Med J 1995; 85:1002-5.

Chang JH, Becker A, Ferguson A et al. Effect of application of
benzyl benzoate on house dust mite allergen levels. Ann Allergy
Asthma Immunol 1996; 77:187-90.

Hayden ML, Perzanowski M, Matheson L, Scott P, Call R, Platts-
Mills TAE. Dust mite allergen avoidance in the treatment of
hospitalized children with asthma. Ann Allergy Asthma Immunol
1997; 79:437-42.

Marks GB, Tovey ER, Green W, Shearer M, Salome CM,
Woolcock AJ. House dust mite allergen avoidance, a randomized
controlled trial of surface chemical treatment and encasement of
bedding. Clin Exp Allergy 1994; 24:1078-83.

Carter MC, Perzanowski MS, Raymond A, Platts-Mills TAE.
Home intervention in the treatment of asthma among inner-city
children. J Allergy Clin Immunol 2001; 108:732-7.

Terreehorst I, Hak E, Oosting AJ et al. Evaluation of impermeable
covers for bedding in patients with allergic rhinitis. N Engl J Med
2003; 349:237-46.

Platts-Mills TAE. Allergen avoidance in the treatment of asthma
and rhinitis. N Engl J Med 2003; 349:207-8.

De Blay F, Birnbaum J, Charpin D et al. Comparative study of
surface group 1 mite allergen buildup on 10 different bedding
covers. J Allergy Clin Immunol 1997; 99 (1 Part 2):S161.

Warner JA. Controlling indoor allergens. Pediatr Allergy Immunol
2000; 11:208-19.

Tovey E, Chapman MD, Wells CW, Platts-Mills TAE. The
distribution of dust mite allergen in the houses of patients with
asthma. Am Rev Resp Dis 1981; 124:630-5.

Tovey E. Allergen avoidance. Mediat Inflamm 2001; 10:298-301.
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; 54:612-6.

Custovic A, Woodcock H, Craven M et al. Dust mite allergens are
carried on not only large particles. Pediatr Allergy Immunol 1999;
10:258-60.

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 34:268-275

Poulos LM, O’Meara TJ, Sporik R, Tovey ER. Detection of
inhaled Der p 1. Clin Exp Allergy 1999; 29:1232-8.

Gore RB, Hadi EA, Craven M et al. Personal exposure to house
dust mite allergen in bed, nasal air sampling and reservoir allergen
levels. Clin Exp Allergy 2002; 32:856-9.

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.

O’Meara T, Shawpan V, Mohamed H, Poulos L, Tovey E. Use of
nasal samplers and halogen assay to measure levels of personal
domestic exposure to mite and pet allergens and IgE-based
responses of subjects with atopic diseases. J Allergy Clin Immunol
2000; 105 (1 Part 2):S374.

De Lucca SD, Tovey ER. Quantitative modeling of domestic
allergen (Der p 1) using amplified ELISA assays and nasal
sampling. J Allergy Clin Immunol 2001; 107 (2 Part 2):S219.
Mitakakis TZ, Tovey ER, Xuan W, Marks GB. Personal exposure
to allergenic pollen and mould spores in inland New South Wales,
Australia. Clin Exp Allergy 2000; 30:1733-9.

De Lucca SD, Taylor DJ, O’Meara TJ, Jones AS, Tovey ER.
Measurement and characterization of cockroach allergens detected
during normal domestic activity. J Allergy Clin Immunol 1999;
104:672-80.

Leickly FE, Wade SL, Crain E, Kruszon-Moran D, Wright EC,
Evans R. Self-reported adherence, management behavior, and
barriers to care after an emergency department visit by inner city
children with asthma. Pediatrics 1998; 101:e8 electronic content,
www.Pediatricsorg/cgi/content/full/101/5/e8 (accessed 19 Febru-
ary, 2003).

Martin IR, Warner JA, Warner JO, Wells JE. The feasibility of
allergen avoidance in the domestic environment. J. Allergy Clin
Immunol 2000; 105 (1 Part 2):S233.

Price MR, Godinez AC, Becker BB, Reyes RD, Liu AH, Klinert
MD. Allergen reduction in an inner city asthma study. J Allergy
Clin Immunol 2000; 105 (1 Part 2):S270.

Swartz LJ, Callahan KA, Eggleston PA et al. Barriers to home
allergen avoidance. J Allergy Clin Immunol 2001; 107 (2 Part
2):568-9.

Callahan KA, Eggleston PA, Rand CS, Kanchanaraksa S, Swartz
LJ, Wood RA. Knowledge and practice of dust mite control by
specialty care. Ann Allergy Asthma Immunol 2003; 90:302-7.
Leung R, Kownig JQ, Simcox N, van Belle G, Fenske R, Gilbert S.
Behavioral changes following participation in a home health
promotional program in King County, Washington. Environ
Health Perspec 1997; 105:1132-5.

Evans R, Gergen PJ, Mitchell H et al. A randomized clinical trial
to reduce asthma morbidity among inner-city children. Results of
the National Cooperative Inner-City Asthma Study. J Pediatr
1999; 135:332-8.

Callahan K, Swartz L, Eggleston P et al. Reducing indoor allergens
through home-based education, a pilot study. J Allergy Clin
Immunol 2000; 105 (1 Part 2):S120.

De Blay F, Fourgaut G, the Scientific Committee of the MIEC
study et al. Medical Indoor Environmental Counselor (MIEC):
role in compliance with advice on mite allergen avoidance and on
mite allergen exposure. Allergy 2003; 58:27-33.

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; 90:550-3.

Sullivan SD, Weiss KB for the National Cooperative Inner-City
Asthma Study Investigators et al. The cost-effectiveness of an
inner-city asthma intervention for children. J Allergy Clin Immunol
2002; 110:576-81.



