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Asthma is a global health problem with genetic and
environmental components. Indoor allergens have a
major_impact on asthma, dnd exposure in sensitized
subjects can compromise lung function. A reduction in
allergen exposure would seem a logical facet to treat-
ment. Methods for reducing mite allergen levels that are
effective in the laboratory may not work in the home
and may not result in a clinical benefit. Six ongoing
studies are investigating the effects of environmental
control on the primary prevention of asthma and aller-
gies. Although the Isle of Wight and Canadian studies
provide encouraging results at age 8 and 7 years, respec
tively, it will be some time before a definitive public
health message emerges. For secondary prevention,
there is little evidence o support the use of mite-proof
encasings as a single intervention in adults. In children,
however, single or multifaceted interventions appear to
be of some benefit.

Introduction

Asthma is a global health problem, affecting an estimated
100 million people worldwide. Asthma and allergic dis-
eases have an enormous direct and indirect burden on the
economy, and the global cost exceeds the cost of tuber-
culosis and HIV/AIDS combined [1]. Although available
drug treatments can control symptoms in most patients,
reports suggest an annual death rate of nearly 180,000 [1].
Although there is clearly a genetic component to asthma,
the rise in asthma prevalence seen in the latter part of the
past century cannot be explained by genetic factors alone,
and much research has focused on environmental factors.
Various epidemiologic studies have investigated effects of

early-life viral infections [2], lifestyle characteristics [3,4],
and environmental exposures [5-7] on the allergic sensitiza-
tion and disease. Determining the risk factors for asthma
and allergic disease is the first step toward their prevention.

Among environmental exposures, indoor allergens have
major impact on asthma in sensitized subjects [8]. In tem-
perate climates, sensitization to house dust mite (HDM) is
an independent risk factor for asthma [8]. Furthermore, dis-
ease severity of sensitized asthma patients has been directly
associated with the level of allergen exposure [5,9-12].
Higher exposure to HDM allergen in sensitized asthma
patients compromises peak expiratory flow rate (PEFR)
and lung function and lowers the threshold of nonspecific
bronchial reactivity (bronchial hyperresponsiveness [BHR])
[13]. Early-life respiratory symptoms have been associated
with HDM concentrations in the homes of young children
[11]. Allergen sensitization predominantly occurs during
childhood, and reducing the exposure in early life could
prevent subsequent sensitization or development of allergic
disease [14]. In the remainder of this review, we summarize
the evidence for the role of allergen avoidance both in the
treatment of established asthma in adults and children and
in the prevention of allergic disease in childhood.

Do Interventions Reduce HDM Allergen Levels?
Many methods for reducing HDM allergen levels have
been effective in the laboratory setting but this has not
translated into effective reduction in field studies—for
example, high-efficiency particulate arrest (HEPA)
vacuums and air cleaners are not effective in reducing
mite-allergen exposure in the home [15]. Similarly, a
single measure of applying acaricides to mattresses and
carpets has not been proven to reduce dust mite aller-
gen [16]. In contrast, mattress encasings are effective at
reducing allergen exposure, and this effect is sustained
for several years [17]. However, even when measures are
effective at reducing mite-allergen levels in the home, it
cannot be assumed that this equates to clinical improve-
ment in symptoms. Before recommending that patients
spend money on expensive measures to reduce their expo-
sure, clinicians must ensure that their advice is supported
by evidence from appropriately conducted studies.
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Is Allergy Prevention Possible?

There are six studies in progress that have investigated
the effects of environmental control on the prevention of
asthma and allergies and have published results of clini-
cal outcomes. All have selected high-risk infants (using a
range of definitions) and have used different environmen-
tal control strategies.

The oldest study was based in the Isle of Wight,
United Kingdom, and incorporated both dietary and mite
allergen avoidance strategies. Acaricides were used in the
home, and infants slept on polyvinyl-covered mattresses.
Lactating mothers were asked to avoid dairy, eggs, wheat,
fish, soya, and nuts, and introduction of these foods into
the infant’s diet was delayed. Breast-feeding was encour-
aged, and a soy-based hydrolyzed formula was supplied
as an alternative. Levels of mite allergen were lower in the
active compared to the control group.

A reduction in sensitization and in wheeze was
reported at age 1 year, but not at ages 2 and 4 years. By
age 8 years, sensitization to mite was reduced by more
than 50% in the active group, and in the multivariate
analysis, the active group participants were significantly
less likely to have wheeze with BHR and atopy. Although
these results are impressive, particularly as the study
included only 120 patients in total, it is not possible to
comment on which part of the intervention was respon-
sible for the effect [18-20,21e¢].

The Canadian Primary Prevention Study (CaPPS)
implemented a multifaceted “preventive” approach
using environmental control (HDM, cat, dog allergen,
and tobacco smoke exposure reduction) combined with
delayed solid-food introduction to antenatally randomized
“high-risk” infants during their first year of life. HDM
control measures that included both parents’ and infants’
mattress encasements with impermeable covers, weekly
hot-cycle washing of bedding, and acaricide application
to carpets and upholstered furniture (starting before birth
and at 4 and 8 months of age) were successful in reducing
HDM exposure during the first and second year [22]. The
average dust mite (Der p 1 and Der f 1) levels in homes of
active versus control children were 1.69 versus 2.70 ug/g
and 1.28 versus 2.45 pg/g after first and second year of
intervention, respectively. Although there was no differ-
ence between controls and active group regarding current
wheeze during the first year of life, significantly fewer
children from the active group had asthma at the ages of 2
(23% vs 16.3%) and 7 years (23% vs 14.9%; P = 0.006)
[22,23e¢]. However, this approach did not reduce the
prevalence of allergic sensitization or BHR in the active
group at the age 7 years (P > 0.3).

A Study on the Prevention of Allergy in Children in
Europe (SPACE) randomized high-risk infants (at least
one parent with allergic disease and atopy) for HDM
exposure and food allergen restriction measures and
found significant difference in both overall sensitization
prevalence and sensitization to Der p 1 between groups

at the age of 12 months (6.21% vs 10.67%). Although
this study included HDM avoidance measures (mattress
covers, carpet removal), it did not include measurement
of pre-and postinterventional HDM allergen levels [24].
Second-year assessment failed to show any difference
between intervention and control groups. In addition,
there was no difference regarding self-reported allergic
disease symptoms [25¢].

In the Holland Prevention and Incidence of Asthma
and Mite Allergy (PTAMA) study, active or placebo mat-
tress and pillow covers were supplied to randomized
high-risk infants; the active group were also advised to
hot wash the bedding. Although after 12 months follow-
up this intervention was successful in reducing allergen
levels recovered from children’s (136 vs 190 ng Der 1/m?;
P < 0.05) and parents’ (298 vs 158 ng Der 1/m?; P < 0.05)
mattresses in the active group, levels were also very low
in the controls (baseline 114 and 414 ng Der 1/m? in chil-
dren’s and parents’ mattresses, respectively) possibly due
to very cold winters at the time of the study [26]. Further-
more, at the age of 2 years, the active group infants had
slightly lower prevalence of night cough symptoms apart
from the cold [27]. Interestingly, during the first year of
life, children in the active group were more likely recur-
rent wheezers. However, in regression analysis, at the age
of 2 years, the difference between groups disappeared.
There was no statistical difference between active and
control groups regarding respiratory symptoms (and their
severity within the first 2 years of life); atopic dermatitis;
and HDM-specific IgE levels.

The Childhood Asthma Prevention Study (CAPS) con-
ducted in Australia (where they have high HDM levels)
was a randomized controlled study that recruited unborn
high-risk children with exclusion of those families who
owned cats [28]. The interventions included mite avoid-
ance (impermeable mattress covers and acaricide) and
active dietary intervention, mainly omega-3 fatty acid
supplementation. Children were allocated to four groups
combining or excluding both measures. During the first
18 months, nearly 50% of children wheezed and signifi-
cantly fewer wheezers were reported among children who
were on dietary intervention than those who were not
(42.8% vs 52.6%; P = 0.02) [28]. By age 3 vears, fewer
children in the mite intervention arm were sensitized
to mite (18.4% vs 25.6%; P = 0.05), and there was less
atopic cough among those who took the dietary interven-
tion (12% vs 22%; P = 0.003) [29e¢]. Further follow-up
of this population is planned.

The Manchester Asthma and Allergy Study (M AAS),
a population-based study with nested intervention study
in the high-risk group (both parents atopic) implemented
the most stringent environmental HDM control regi-
men, which included mite-proof encasing on the parental
mattress, duvet, and pillows by week 16 of pregnancy;
weekly hot-cycle wash of bedding; high-filtration vac-
uum cleaner; and acaricide application to dust reservoirs.
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Before the birth of the child, families were supplied with
a mite-proof fabric mattress, and the nursery’s floor was
fitted with vinyl cushion flooring [30]. Only families
without cats or dogs could be randomized to the inter-
vention study. The avoidance measures were successful
in reducing HDM exposure with 29-fold difference in
mite-allergen levels between active and control groups
[31]. Although the active group had a slightly higher
prevalence of atopy (17% vs 14%), remarkably fewer
respiratory symptoms were recorded during the first
year of life compared to the control group [32]. By age
3 years, children in the active group were more likely to
show evidence of allergic sensitization, particularly to
mite (P = 0.05), whereas, in controls, lung function was
significantly and markedly better in the active group (P
< 0.0001), and respiratory symptoms tended to be less
common in this group (although this did not reach sta-
tistical significance) [33¢].

In summary, these primary prevention studies will
continue to report fascinating results over the next decade.
Although the Isle of Wight and Canadian studies provide
encouraging results at age 8 and 7 years, respectively, it
will be some time before a definitive public health message
emerges from this important work. It is likely that dur-
ing this time a better understanding of the genetic basis
of “high risk” will emerge and that interventions may be
targeted based on genotype.

Allergen Avoidance and Allergic Disease in
Adults—Does It Help?
In many countries, allergen avoidance is widely practiced
in the treatment of allergic disease. However, most of the
studies have been small and have used ineffective allergen-
avoidance methods. More recently, larger studies have
been conducted on subjects with mild and more severe
disease. Results of the three largest studies in adults con-
ducted to date are reviewed [34,35%9,36%,37].

HDM-sensitized asthmatic patients (# = 204) who
were on inhaled corticosteroid treatment were random-
ized to an active or placebo allergen avoidance group and
followed for a period of 20 weeks [34]. Active avoidance
measures included chemical (acaricide application to car-
pets and floors) and physical (mattress, duvet and pillows
HDM-impermeable covers) interventions. The placebo
group was given water in an acaricidal bottle and HDM
permeable cotton covers. A total of 146 patients com-
pleted the study (69 active vs 77 placebo group). Despite
HDM allergen levels, the intervention group has been
reduced by more than 20% from baseline measurements,
and there was no significant difference in BHR, forced
expiratory volume in 1 second (FEV,), PEFR, or asthma
symptom scores.

Two UK-based studies recruited only subjects on
inhaled steroids and used the single intervention of mite-
proof encasings for the mattress and bedding. The study

by Luczynska et al. [36¢] included only HDM-sensitized
subjects (specific IgE > 0.7 kU/L) exposed to high levels of
mite allergen in their homes (Der p 1 > 2 ug/g in the mat-
tress) and excluded those asthmatics who were sensitized
to their pets. Although the study screened 722 asthmatic
patients, at the end, only 30 of them were randomized to
the active group and 2.5 to the control group. Der p 1 levels
at 12 months fell in both groups without significant dif-
ference between them. Despite the reduction in allergen,
the study failed to demonstrate any clinical significance
of this intervention regarding asthma symptoms. Fur-
thermore, there was a trend toward an increase in PEFR
in both groups throughout the study, but no difference
between groups at any specific time.

To date, the largest double-blind, placebo-controlled
mite allergen-reduction study, conducted by Woodcock
et al. [35e%e], recruited 1122 asthmatic individuals.
Sensitization to HDM was assessed by measurement of
specific IgE levels, and both subjects and assessors were
unaware of their sensitization status to prevent change
of behavior during the trial. Patients were randomized to
receive either mite-impermeable or (permeable) placebo
mattress, pillow, and quilt covers. No other instructions
regarding mite avoidance were given. To avoid possible
confounders, patients were matched according to their
pet ownership, smoking status, and mite-specific IgE
levels. At baseline, dust sampling and mite-allergen
concentrations were assessed for all participants. A
subsample of 10% was randomly selected for 6-month
and 12-month dust-sample collection. Outcome mea-
sures, primarily PEFR values and inhaled corticosteroid
discontinuation rate, were assessed in two phases (0—6
and 7-12 months). Other outcomes for phase 1 were
evening PEFR values, the use of B,-agonists, symptom
scores, exacerbation rate, number of work days missed,
quality of life questionnaire, and, for phase 2, propor-
tion of reduction in the dose of inhaled corticosteroids.
At baseline, there was no significant difference between
mite-allergen levels detected (1.34 ug/g in the active and
1.36 ug/g in the control group). Although 6-month mite
allergen levels measured in the 10% subsample markedly
decreased only in the active group (0.58 ug/g vs 1.71 ng/
g), at 12 months, the difference between groups disap-
peared (1.05 pg/g vs 1.64 ug/g). There was no difference
between active and control groups at the end of phase 1
regarding primary and secondary outcomes both overall
and among mite-sensitized patients only. Interestingly,
PEFR showed a trend toward increase by approximately
10 L/min in all asthmatics, regardless of the group they
were allocated to. In the second part of the study, nearly
the same proportion of subjects were able to discontinue
the inhaled steroids (14.3% vs 14.1%). This reduction
did not interfere with quality of life scores or morning
PEFR values. Even analysis of patients with high mite
sensitivity (specific IgE > 10 kU/L) and high allergen
exposure at recruitment (> 10 ug/g mite allergen) failed



524 Asthma

to show significant difference in the mean morning PEFR
values between active and control groups.

The results of these studies are in agreement with the
findings of the past two meta-analyses of HDM control
measures in asthma [38¢,39]. The more recent analysis of
49 randomized studies (2733 patients) that included physi-
cal and/or chemical mite control measures failed to detect
the clinical benefit of mite reduction measures in HDM-
sensitive asthmatic adults in terms of disease improvement,
medication use, FEV,, and PEFR values [38°].

Another double-blind, placebo-controlled study from
the Netherlands recruited 52 mite-sensitive asthmatic
patients who were given mite impermeable or dummy
covers for mattresses, duvets, and pillows [37]. They were
followed by dust mite allergen levels, PEFR measure-
ments, and symptom scores for 9 weeks after intervention.
The successful reduction in Der p 1 levels were reflected
by significantly higher PEFR values in the active group.
However, these results should be cautiously interpreted,
because the study follow-up period was short, and the
number of subjects recruited was small. Furthermore,
recruited patients had low baseline symptom scores (2.1
in active and 2.0 in control group), not allowing compari-
son based on clinical outcomes.

To summarize, there is little evidence to support the
use of mite-proof encasings as a single intervention in
adults with asthma whether or not they use inhaled ste-
roids. Studies of multifaceted interventions conducted
previously have been very small. There is a need for a large
multifaceted intervention study in adults with asthma to
determine whether this is beneficial in patients.

Asthma and Allergen Avoidance in Childhood

The few positive studies regarding dust mite avoidance
have all been conducted among children. A double-blind,
placebo-controlled, randomized study from Denmark
recruited 60 children (6-15 years) with doctor-diag-
nosed asthma [40]. Using the blockwise randomization
method, participants were assigned to the placebo group
or to the mite-impermeable mattress and pillow encas-
ing group. Home visits for dust-sample collection were
made every 3 months for a period of 1 year. Symptom
diary cards and medication use were recorded during the
study. Lung-function assessment was performed at base-
line and every 3 months during the follow-up. Prior to
the study and during the intervention, inhaled steroids
were reduced to the lowest effective daily dose. Forty-
seven children (26 in active and 21 in control group)
finished the study. Children who were given mite-imper-
meable encasings had a statistically significant drop in
house dust mite levels in their mattresses. The differ-
ence between groups became significant after 6 months
(3.04 ug/g HDM in active vs 9.9 ug/g HDM in control
group; P = 0.01) and was maintained until the end of
study. However, it is likely that to be clinically effective,

at least a 10-fold change in the level of exposure needs
to be achieved. There was overall a significant difference
in daily inhaled steroid dose requirement between active
and control (median dose reduction 200 pg/d vs 0 ug/d)
group children (P = 0.007). Inhaled steroid—dose reduc-
tion by at least 50% was more frequently achieved in the
active group children after 9 and 12 months of study.
Interestingly, during the study period, children in both
the impermeable-cover and the control groups demon-
strated increased morning and evening PEFR values and
FEV, with no significant difference between the groups,
emphasizing the importance of control groups.

The large Inner-City Asthma Study that recruited
937 children with allergic asthma (aged 5-11 years)
from seven major cities in United States implemented
multifaceted, individually tailored environmental inter-
vention [41ee]. Eligibility criteria were doctor-diagnosed
asthma, at least one asthma-related hospitalization, or
two unscheduled asthma-related visits to clinic or emer-
gency during the previous 6 months and positive testing
to at least one of 11 inhalant allergens on skin prick test.
Children were recruited from areas in which at least
20% of households had incomes below the US poverty
level. They were allocated to intervention and control
groups by a blocked randomization method. Interven-
tion measures mainly focused on dust mite, passive
smoking, cockroaches, pets, rodents, and mold exposure
reduction. Families were provided allergen impermeable
covers for children’s beds, a HEPA-filter vacuum cleaner,
and a HEPA air purifier, and were instructed concerning
their use. Pest control was performed in the homes of
those children who were exposed. Follow-up was con-
ducted during 1 year of intervention and 1 year after it.
The primary outcome was the highest number of days
with asthma symptoms during the 2-week period prior
to telephone interview that was conducted bimonthly
during the 2-year period. Regular PEFR measurements
and spirometry at recruitment and at 12 months were
recorded. Nearly two thirds of recruited children were
sensitized to cockroach or dust-mite allergen. The chil-
dren from the intervention group had significantly more
symptom-free days during the 2-week period through-
out the 2-year study period (P < 0.001). Children in the
active group had a significant reduction in mite, cat,
and cockroach allergen levels that was associated with
fewer asthma-related symptoms. The symptom improve-
ment was most strongly correlated with cockroach
allergen level reduction. Although the risk for hospital-
ization was not significantly different between groups,
active-group children had 34 more wheeze-free days
compared to controls during the 2-year study period.
No significant difference regarding spirometry or PEFR
was detected. Although the multifaceted, multiallergen
avoidance study has demonstrated positive results from
the patient-tailored approach, this approach would need
to be verified in various social settings.
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Previously, Carswell et al. [42], in a double-blind
placebo study, found that combined use of covers and
acaricide in the homes of HDM-sensitized asthmatic chil-
dren improved FEV, values and decreased their need for
bronchodilator therapy in the long term. Furthermore,
bronchial reactivity to histamine improved within 6 weeks
after the intervention.

Pets

Pet ownership is very common in westernized countries,
with an estimated 50% of households in the United King-
dom keeping a cat or dog indoors. Such homes contain
large concentrations of allergen, which is heat stabile
and difficult to remove even with rigorous cleaning [43].
Furthermore, this allergen is transported from the homes
of pet owners to public places on the clothing of the pet
owners, and Fel d 1 and Can { 1 are measurable in hospi-
tals, cinemas, and other public buildings [44].

Patients with pets who are sensitized to their pets
and experience symptoms are still often reluctant to
part with their pets. Complete avoidance of allergen
with pets in situ is not possible. Trials of pet-allergen
avoidance with the pet at home have produced conflict-
ing results, and, as they are difficult to conduct, have
tended to be small. Cat-sensitized asthma patients who
continue to live with their cats clinically do not benefit
from HEPA-filtered air cleaners in their bedrooms when
compared to control-group cat-sensitized asthmat-
ics [45]. However, a study conducted among children
sensitized to their pets (cat/dog) failed to detect clini-
cal benefit, but there was significant improvement in
the BHR of active group participants (P = 0.003) after
HEPA air-cleaner usage [46]. Another randomized
study of cat- or dog-sensitized pet owning adults with
asthma found significant improvement of their asthma
symptoms after the HEPA-filtered vacuum-cleaner usage
in the active group compared to controls (67 % vs 20%;
P =0.01), although this was not reflected in airborne Fel
d1or Canf1levels [47].

Conclusions

Studies of the use of allergen avoidance in the primary
prevention of allergic disease are ongoing, and although
the results of the two studies with published outcomes in
children older than 5 years old look promising, further
follow-up is required before we can confidently give any
advice in the public health context. The evidence sup-
porting the use of allergen avoidance in the treatment of
established disease is more conclusive in children than in
adults, for whom there is a need for a large, multifaceted
intervention study.
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