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1  |  INTRODUC TION

Exposure to inhalant allergens (primarily house-dust mites, cat and 
dog allergens) is important in the development of allergen-specific 
sensitization, and if asthma has developed, further allergen expo-
sure may contribute to ongoing symptoms. However, the relation-
ship between allergen exposure and sensitization is complex. To 

develop allergen-specific sensitization, one needs to be exposed 
to that allergen. The absence of a consistent, linear dose–response 
relationship between specific allergen exposures and sensitization 
has necessitated the application of more complex approaches to at-
tempt to understand these inter-relationships—an essential step in 
would-be disease prevention. In real life, humans are simultaneously 
exposed to a mixture of allergens, together with a range of other 
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Abstract
Allergen exposure is associated with the development of allergen-specific sensitiza-
tion, but their relationship is influenced by other contemporaneous exposures (such 
as microbial exposure) and the genetic predisposition of the host. Clinical outcomes of 
the primary prevention studies that tested the effectiveness of allergen avoidance in 
pregnancy and early life on the subsequent development of sensitization and asthma 
published to date are inconsistent. Therefore, we cannot provide any evidence-based 
advice on the use of allergen avoidance for the primary prevention of these condi-
tions. The evidence about the impact of allergen exposure among and among sensi-
tized children with asthma is more consistent, and the combination of sensitization 
and high exposure to sensitizing allergen increases airway inflammation, triggers 
symptoms, adversely impacts upon disease control, and is associated with poorer 
lung function in preschool age. However, there are differing opinions about the role 
of inhalant allergen avoidance in asthma management, and recommendations differ in 
different guidelines. Evidence from more recent high-quality trials suggests that mite 
allergen-impermeable bed encasings reduce hospital attendance with asthma attacks 
and that multifaceted targeted environmental control improves asthma control in chil-
dren. We therefore suggest a pragmatic approach to allergen avoidance in the man-
agement of childhood asthma for clinical practice, including the recommendations to: 
(1) tailor the intervention to the patient's sensitization and exposure status by using 
titer of allergen-specific IgE antibodies and/or the size of the skin test as indicators of 
potential response; (2) use a multifaceted allergen control regime to reduce exposure 
as much as possible; and (3) start intervention as early as possible upon diagnosis.

K E Y W O R D S
allergen avoidance, allergens, asthma, cat, dog, dust mite, gene–environment interactions, 
primary prevention, sensitization
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environmental factors. Studies suggest that interactions between 
environmental exposures, in addition to route and timing of expo-
sure, together with the genetic predisposition of the host, contribute 
additional layers of complexity to the relationships (reviewed in1).

The evidence about the adverse effects of allergen exposure on 
asthma control, severity, and acute attacks among sensitized chil-
dren with asthma diagnosis is more consistent. In general, among 
allergic asthmatics (i.e., those in whom sensitization is relevant to 
the disease process), asthma severity and exacerbation risk increase 
with high domestic exposure to sensitizing allergens (reviewed in2).

In this review, we will address the role of indoor allergens in the 
development of allergic sensitization and asthma and then explore 
the role of allergen avoidance in the primary prevention of asthma 
and allergies. In the second section, we will examine the impact of 
indoor allergens on asthma severity in children and explore the evi-
dence for allergen avoidance in the treatment of asthma.

2  |  ALLERGEN E XPOSURE AND THE 
DE VELOPMENT OF SENSITIZ ATION AND 
A STHMA

For more than three decades, conflicting evidence has been re-
ported about the role of exposure to indoor allergens in early life 
in relation to the development of allergen-specific sensitization and 
asthma. This heterogeneity is likely in part a consequence of the dif-
ferences in study design (including definition and age of assessment 
of clinical outcomes), genetics of study populations, and methods of 
the assessment of exposure, making it challenging to summarize the 
findings to draw firm conclusions. In some studies, early-life dust 
mite allergen exposure increased the risk of the development of mite 
sensitization and asthma,3–8 particularly among children at genetic 
high risk or with early manifestations of atopic disease.9,10 However, 
others have not confirmed these associations (reviewed in1).

The impact of exposure to cat and dog allergens has been exten-
sively investigated, also with inconsistent results.11–13 For example, 
several birth cohorts observed a linear dose–response relationship be-
tween cat allergen levels measured in homes in early life and increased 
risk of sensitization to cat in preschool/early-school age.14–16 By con-
trast, cross-sectional studies in older children and young adults re-
ported that very high Fel d 1 levels may protect against cat sensitization 
and suggested a bell-shaped rather than linear relationship.17–19 Such 
effect may be explained by the development of an allergen-specific tol-
erance consequent to the high-dose natural exposure,20 possibly in part 
through increased allergen-specific IgG production,17,21 which has been 
shown to downregulate IgE by uncoupling IgE from its effector mecha-
nisms in allergen-specific immunotherapy (AIT; reviewed in22).

Since there is a strong association between pet ownership and 
high levels of cat/dog allergens in homes, it is difficult to differenti-
ate between the effect of exposure to allergen to that of the animal 
more broadly. It is thus not surprising that similar discrepancies to 
the studies, which ascertained the impact of allergen exposure have 
been reported in analyses using cat ownership, with some studies 

showing increased cat sensitization among cat owners,14,23 others 
finding that cat ownership protects against cat sensitization,24–27 
and some studies observing no association.28,29 The nature and 
the direction of these associations may also be influenced by the 
geographical area and customs of the studied populations. For ex-
ample, in areas with low frequency of cat ownership and low cat 
allergen exposure at a population level,30,31 the relationship be-
tween Fel d 1 exposure and cat sensitization appears linear32–34; in 
such areas, individual exposure may rarely be high enough to induce 
tolerance.1 In line with this, the relationship between early-life cat 
exposure and odds of asthma symptoms in childhood has also been 
observed to vary depending on the prevalence of cat keeping in the 
community.35

Compared with the inconsistent findings for cat, data on the ef-
fect of dog ownership are more consistent, with most studies26,36 
(although not all13,14) suggesting that having a dog in early life is 
protective against sensitization to dog. Moreover, many studies 
reported a protective effect of dog ownership on sensitization to 
other allergens, as well as asthma.13,36 Some reported similar, al-
beit weaker, nonspecific effects for cat ownership.13,36 The gener-
ally observed protective effect of dog ownership on outcomes not 
confined to specific dog sensitization suggests that the protection 
is likely due to an environmental exposure for which dog ownership 

Key Messages

The development of allergen-specific sensitization is influ-
enced by allergen exposure but also impacted by other ex-
posures (e.g., microbial) and the child's genetic predisposition. 
We cannot provide any evidence-based advice on the effec-
tiveness of allergen avoidance during pregnancy and early life 
in the primary prevention of sensitization and asthma. High 
allergen exposure among sensitized patients with asthma di-
agnosis can increase airway inflammation, trigger symptoms, 
and increase the risk of asthma attacks. There is a range of 
opinions about the role of inhalant allergen avoidance in 
asthma management, and international guidelines differ in 
their recommendations. Mite allergen-impermeable bed 
encasings can reduce the risk of hospital attendance with 
asthma attacks in children sensitized to mites. We suggest a 
following pragmatic approach to allergen avoidance in clinical 
practice: (1) Tailor the intervention to the patient's sensitiza-
tion and exposure status; (2) Use high titer of allergen-specific 
IgE antibodies and/or the size of the skin test mean wheal 
diameter as an indicator; (3) For mite avoidance, mite mono-
sensitized younger children (pre-, early-, and mid-school age) 
living in nonsmoking households who require a high dose 
of controller medication are more likely to benefit; (4) Start 
intervention as early upon diagnosis as possible; (5) Use a 
multifaceted allergen control regime to achieve as great a re-
duction in exposure as possible.
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is a proxy (e.g., microbial exposure, higher endotoxin, more diverse 
external microbiome37), and that the observed effects for dog may 
be similar to that previously reported for growing up on farms.38 
This is consistent with the observation that dog ownership increases 
microbial diversity inside the house, particularly on pillowcases.39 
There is some evidence that effects on household microbial diver-
sity may be greater for dogs than cats40 (though studies have been 
small and underpowered). There is also evidence of pet ownership 
influencing the microbiota of their owners, although shared environ-
ment and lifestyle factors are also likely to play a role. For example, 
a Canadian birth cohort reported that early exposure to pets (both 
pre- and postnatal) was associated with increased diversity of the 
infants' gut microbiome,41 whilst others have observed that dog and 
cat ownership increases the skin and/or gut microbial diversity of 
their adult owners, with a stronger effect in females.42,43 Several 
factors have been found to influence the microbiome of cats and 
dogs, including to some extent outdoor exposure.40,44 Regional vari-
ations in the proportion of households with indoor cats and notably 
higher frequency in North America compared with Europe45 (81% 
vs. 30%, respectively, in one study46), may partly explain the weaker 
nonspecific effects and more inconsistent results observed for cat 
ownership.

2.1  |  Allergen exposure and the development of 
specific sensitization: The impact of time

Interesting findings that may explain some of the inconsistencies in 
the literature related to cat allergen exposure were reported in a 

birth cohort that used longitudinal analyses to investigate the ef-
fect of early-life exposure to cat and its major allergen Fel d 1 on 
the development of cat sensitization from early childhood through 
to adolescence.47 The trajectory of the development of cat sensiti-
zation differed between children exposed to cat (and high Fel d 1 
levels) in pregnancy and infancy compared with those not exposed. 
When children were aged 1 year, the frequency of cat sensitiza-
tion was much higher among cat owners. However, after age 1 year, 
the increase in sensitization rate was 6% lower per year among cat 
owners compared to children without a cat, so that by adolescence, 
the prevalence of cat sensitization was the same in both groups 
(Figure 1). No association was observed between early-life cat ex-
posure and sensitization to allergens other than cat or asthma. 
Trajectories of cat sensitization in Figure 1 suggest that analyses of 
the impact of exposure to cat can reveal either an increase in risk, 
no effect, or even protection, depending on the age of the studied 
population. Therefore, in order to understand the impact of early-
life exposures, more useful information can be gained through the 
analysis of longitudinal trajectories than in cross-sectional studies.47 
Furthermore, the apparent contradictions in different studies may 
be a consequence of the different longitudinal trajectories of cat 
sensitization between individuals who lived in a home with a cat in 
early life compared with those without a cat, and all conflicting re-
sults may be correct.

This finding is likely to also be relevant for associations 
with asthma, since different temporal patterns of allergic sen-
sitization differentially impact upon asthma risk, with multi-
ple early sensitization phenotypes being by far the strongest 
associate.48–50

F I G U R E  1 Cat ownership in the first year of life and longitudinal trajectories of cat sensitization through childhood; modified from47 (with 
permission). SPT-skin prick test; CRD—component-resolved diagnostics; sensitization to Fel d 1. Left-hand panels—Longitudinal trajectories 
of cat sensitization (SPT) and sensitization to Fel d 1 (CRD) among children who lived in a home with a cat in early life and those who did 
not. Predicted value of mean response is shown in the graphical format along with 95% CIs. Right-hand panel: Cross-sectional association 
between cat ownership during pregnancy and point prevalence of cat-specific sensitization from infancy to adolescence (SPT).
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2.2  |  Is exposure to indoor allergens in utero 
important?

There is a possibility that in utero allergen exposure may influence 
sensitization in a child.51 As early as 22 weeks gestation, peripheral 
blood mononuclear cells may have positive proliferative responses 
when stimulated with multiple indoor allergens.52 There is also evi-
dence that allergen-specific IgG antibodies are transferred across 
the placenta to the fetus.53 Interestingly, Jenmalm and Björkstén 
observed higher cord blood IgG and IgG1 levels to cat in children 
born to atopic mothers who had a cat in the home compared to 
those without a cat, with lower cord blood IgG to cat associated 
with subsequent development of allergic symptoms in the child.54 
In a more recent study, high maternal allergen-specific IgG in the 
third trimester was associated with a lack of allergen-specific IgE 
sensitization in children at 5 years.55 However, studies examining 
the effects of AIT during pregnancy have failed to provide strong 
evidence for a protective effect against allergic disease in off-
spring.56 Further, the relative importance of in utero vs. postna-
tal allergen exposure is difficult to study, since pre- and postnatal 
allergen exposures (including pet ownership) are usually highly 
correlated.47

3  |  INTER AC TIONS BET WEEN ALLERGEN 
E XPOSURE AND GENETIC S OF THE HOST

The concept that the same environmental exposure may have differ-
ent effects among individuals with different genetic predisposition has 
been tested in studies which assessed the interaction between genes 
and the susceptibility to environmental factors (reviewed in57,58). One 
example is the reported variability in the impact of household expo-
sure to mite allergen Der p 1 level (measured in in carpet dust) on the 
risk of development of mite sensitization in individuals with different 
C-590T promoter polymorphisms of the IL4 gene.59

3.1  |  Filaggrin (FLG) loss-of-function mutations and 
allergen exposure

Whilst a common assumption is that most exposure to indoor al-
lergens (such as mite, cat, and dog) occurs via inhalation (and to food 
allergens via ingestion), sensitization may also develop because of al-
lergen presentation through impaired skin. Allergenic proteins from 
indoor environment could penetrate weakened skin, which may lead 
to IgE production. FLG loss-of-function mutations predispose toward 
an impaired skin barrier and are associated with eczema and other 
atopic conditions, and inhalant allergen sensitization.60 Children 
with FLG mutations may have an increased risk of eczema if they 
were exposed to cat in early life,61 but the association is inconsist-
ent.8 In children with FLG mutations, high levels of peanut allergens 
in house dust increase the risk of peanut sensitization and allergy, 

with no impact of exposure in those without FLG mutations.62 
Similarly, household exposure to mite allergen Der p 1 in infancy in-
creases the risk of mite sensitization in children with FLG mutations 
and not in those without, but the modifying effect of FLG mutations 
is higher in early childhood, and gradually reduces over time.63 The 
same study revealed a significant interaction between early-life Fel 
d 1 exposure and FLG genotype on the trajectory of cat sensitiza-
tion during childhood, with the effect of early-life exposure being 
much greater among those with FLG mutations compared to those 
with the wildtype.63 By contrast, in children with FLG mutations who 
were exposed to dog in pregnancy/early life, the risk of sensitization 
to any allergen was on average 5-fold lower than in those not ex-
posed (and the protective effect of dogs was much lower in children 
without FLG mutations).63

3.2  |  Interaction between 17q12-q21 SNPs and pet 
ownership in asthma development

Even for the most highly replicated and significant childhood 
asthma locus (17q21), evidence suggests interactions with pet own-
ership in modifying the risk of asthma development. Five studies 
(mostly in populations of European ancestry) investigated these 
interactions. A case–control study in children from Croatia re-
ported a significant interaction between cat and dog ownership in 
the first year of life and a single nucleotide polymorphism (SNP) 
rs921651 in GSDMA in relation to school age asthma diagnosis, with 
pet ownership being protective among AA homozygotes but not 
in other genotype groups.64 No such interaction was observed for 
the SNPS most associated with increased asthma risk (rs2305480 
and rs7216389).64 In a nested case–control analysis in the Danish 
National Birth Cohort, there was no significant impact of pet own-
ership in pregnancy on recurrent wheeze by age 18 months in the 
whole population, but among asthma risk allele homozygotes (TT) 
in SNP rs7216389, the current furred pets ownership decreased the 
risk of wheeze at 18 months, with the opposite effect in C-allele 
homozygotes.65

Several analyses were carried out in birth cohort studies. Analysis 
among 377 children recruited in the Copenhagen Prospective Studies 
on Asthma in Childhood (COPSAC), who were at high risk of allergic 
diseases, reported a trend for a lower risk of asthma diagnosis at age 
12 years among those exposed to pets from birth.66 Analyses strat-
ified by the genotype in 17q21 SNP rs7216389 suggested an inter-
action between pet exposure and this variant, in that pet ownership 
was associated with a lower prevalence of asthma among children 
with high-risk TT genotype, but there was no such protective effect 
in participants with the CC/CT genotypes.66 Further analysis which 
used allergen levels in homes as markers of exposure mirrored these 
interactions for cat but not dog allergen.66 Another analysis in a rural 
birth cohort showed that dog (but not cat) ownership was protective 
against wheeze at age 1 year, with no interaction between SNPs in 
ORMDL3/GSDMB with dog ownership.67 Of note, in this study, the 
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protective effect of the exposure to animal sheds was restricted 
to genotypes 17q12-q21, which have previously been shown to in-
crease the risk of asthma.67

The largest study to date of the gene–environment interac-
tion between 17q21 locus and cat and dog ownership in infancy 
and wheezing illness from birth to adolescence68 confirmed that 
rs2305480 risk allele (G) is associated with increased risk of asthma 
diagnosis, and with late-onset and persistent wheeze classes (which 
were derived using latent class analysis69). Consistent with the re-
sults of a large meta-analysis in European children,14 this study of 
5 UK birth cohorts reported no association between early-life dog 
and cat ownership and asthma or any wheeze class (phenotype) in 
the whole population.68 However, when the interaction between 
genotype and pet ownership was investigated, among dog own-
ers (but not cat owners), the most replicated asthma risk allele 
(rs2305480_G) was no longer associated with an increased risk 
of asthma diagnosis or persistent wheezing.68 By contrast, among 
those children not exposed to pets, or exposed to cats only, the risk 
allele was consistently associated with an increased risk of asthma 
and persistent wheeze.68

3.3  |  More complexity: Gene–environment–
environment interactions

The impact of early-life mite allergen exposure on mite sensiti-
zation is modulated by endotoxin exposure in individuals with a 
specific genotype in CD14 (CC homozygotes, but not T-allele ho-
mozygotes in rs2569190, CD14/−159).70 High allergen exposure 
may protect against sensitization when combined with an envi-
ronment rich in specific bacterial families such as Firmicutes and 
Bacteriodetes.71 The inference we can make from these studies is 
that the effect of interventions to alter allergen exposure is likely 
to differ between children with different genetic predisposition72 
and concomitant environmental exposures (primarily bacterial), 
and that individuals with differing genetic susceptibility and expo-
some may benefit from different interventions (either avoidance 
or high-level exposure).

4  |  ALLERGEN AVOIDANCE IN PRIMARY 
PRE VENTION OF SENSITIZ ATION AND 
A STHMA

The association between allergen exposures, sensitization, and 
asthma observed in epidemiological studies, and the findings that 
high allergen exposure early in life combined with the development 
of allergic sensitization increases the risk of subsequently developing 
asthma symptom,13,73 prompted several primary prevention studies 
to ascertain whether allergen control during pregnancy and early life 
can modify the risk of the development of these clinical outcomes 
(reviewed in74). Due to the differences between the studies in design 

and characteristics of included populations, the results are not di-
rectly comparable.

Clinical outcomes from primary prevention studies published 
to date are inconsistent. For example, in the Isle of Wight preven-
tion study, both mite sensitization and asthma were significantly 
reduced by age 18 years in the mite allergen avoidance group.75 By 
contrast, the Manchester primary prevention study reported a de-
crease in early-life severe wheeze76 but a significant increase in mite 
sensitization by early-school age in the intervention group77 (which 
comprised a wide-ranging comprehensive avoidance of mite and 
pet allergens78). The Australian study reported no overall effect of 
mite allergen avoidance, but the effect of intervention differed at 
different ages.79

Given this heterogeneity, we cannot provide any evidence-based 
recommendations on environmental control for disease prevention, 
and more nuanced analyses are required before we can draw defini-
tive conclusions and give any meaningful advice.

5  |  ALLERGEN E XPOSURE AND A STHMA 
SE VERIT Y

The evidence about the impact of allergen exposure in sensitized pa-
tients with asthma on disease control, severity, and exacerbations is 
more consistent compared with the above-discussed data on the role 
of allergen exposure in the development of sensitization and asthma. 
Among sensitized asthmatics in whom sensitization is relevant to 
clinical symptoms,80,81 asthma severity is associated with high do-
mestic exposure to sensitizing allergens (reviewed for dust mite in2), 
and the combination of specific sensitization and high exposure to 
sensitizing allergen increase airway inflammation,82 triggers symp-
toms83,84 and is associated with poorer lung function in preschool 
age.85 Virus infections and high allergen exposure may interact to 
increase the risk of asthma attacks leading to hospital admissions in 
sensitized children.86 Some studies have reported that mite exposure 
adversely impacts asthma control among nonatopic asthmatics.87

In the USA, asthma attacks were found to be more common if 
patients are exposed to high levels of pet allergens to which they 
are sensitized.88 Extrapolation of these data suggest that 1.5 mil-
lion asthma exacerbations per year (in adults and children) are at-
tributable to pet ownership among pet-sensitized asthma sufferers. 
However, >80% of the pet-sensitized pet owners in this study did 
not report an asthma attack during the 1-year follow-up period. 
Thus, it is likely that ongoing exposure to the pet is more of a prob-
lem for some pet-sensitized pet owners with asthma, than for others. 
Further work is needed to identify sensitized patients with asthma 
in whom specific allergen exposure is relevant and contributing to 
disease severity, and initial results from a new basophil activation 
test are promising.89

A series of studies involved the relocation of atopic asth-
matic children to the high-altitude sanatoria where allergens 
were not detectable; significant improvement in bronchial 
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hyper-responsiveness (BHR) was seen from 3 months.90–92 Although 
neither randomized nor controlled, these studies indicate that non-
pharmacological measures can improve some measures of asthma 
severity/control (particularly BHR), although improvements took 
several months to plateau, and lung function did not generally 
improve.

6  |  ALLERGEN AVOIDANCE IN HOMES IN 
THE MANAGEMENT OF A STHMA

6.1  |  Measures to reduce allergens in home

6.1.1  |  House-dust mites

Approaches to reduce mite allergens in home include:93–95

•	 Cover the mattress, duvet, and pillows with encasings that are 
allergen-impermeable.

•	 Wash bedding regularly (if possible, >55°C to kill the mites).
•	 Consider carpet removal and replacement with hard flooring.
•	 If carpets remain, expose to direct sunlight, steam clean, use aca-

ricides, or tannic acid.
•	 Reduce humidity in the home to control of mite population.

Major reduction in mite allergen levels in homes can be achieved 
and maintained using a comprehensive allergen control regime com-
bining several of the above measures.78

6.1.2  |  Pet allergens

The only way to substantially reduce personal exposure is to find the 
alternative home for the pet.93 This advice has not been the subject 
of randomized controlled trial; however, one nonrandomized study 
of pet removal (n = 20) showed some benefit.96 Of note, even after 
permanent rehousing of the pet, it can take many months for aller-
gen levels in the reservoirs within the home to fall.97 Furthermore, 
due to their aerodynamic nature, pet allergens are not restricted to 
homes with pets and are found ubiquitously in the environment, 
including homes without pets,98–100 schools, hospitals, and other 
public places101–103 (reviewed in104) potentially at levels capable of 
worsening asthma symptoms.105

Air cleaning units with high-efficiency particulate air (HEPA) fil-
ters can reduce the airborne pet allergens, but their effectiveness 
under experimental conditions does not fully reflect the impact 
on personal inhaled exposure.106 Other measures that have been 
investigated include pet washing, with some short-lived reduction 
in home allergen levels,107,108 and regular cleaning with HEPA filter 
vacuum cleaners, with variable effects.109,110 Restricting pets' pres-
ence in the home may also lead to some reduction in allergen levels 
(for example, homes with outdoor pets have been found to have 

lower allergen levels than those with indoor pets, albeit at still higher 
levels than homes with no pets111).

6.1.3  |  Cockroach

Physical and chemical procedures to control cockroach populations 
in infested houses include sealing cracks and holes to restrict cock-
roach access, general cleaning to remove food sources, and use of 
insecticides (in a gel or bait form).

6.2  |  Clinical effectiveness of allergen control 
measures in childhood asthma

The role of avoidance of dust mites and other inhalant allergens in 
the management of asthma remains a subject of controversy.1 This 
is reflected in differing recommendations in various national/inter-
national asthma management guidelines. For example, the US NHLBI 
2020 Focused update to the Asthma Management Guidelines recom-
mends the use of a multicomponent intervention to try to control 
the relevant indoor allergen for sensitized patients with asthma who 
are exposed to sensitizing allergen within their home, as a conditional 
recommendation with low certainty of evidence.112 The expert panel 
suggests that allergen mitigation can be used in patients of all ages 
and at all levels of asthma severity.112 By contrast, the Global Initiative 
for Asthma (GINA) Global strategy for asthma management and pre-
vention (2022) states that “allergen avoidance is not recommended 
as a general strategy for asthma,” and that “for sensitized patients, 
there is limited evidence of clinical benefit for asthma in most circum-
stances with single-strategy indoor allergen avoidance”.113 However, 
GINA also recognizes that for children (but not adults) with asthma 
who are sensitized to mites and/or pets, there is limited evidence of 
clinical benefit for asthma with multifaceted avoidance strategies. It 
is notable that many national asthma guidelines (including the British 
National Institute of Clinical Excellence guideline on asthma, 2017114) 
focus mostly on pharmacological treatment, with little emphasis on 
potential benefits on nonpharmacological strategies.

The Cochrane Library has produced several meta-analyses of 
the efficacy of mite allergen avoidance in asthma,115–117 combining 
study results for adults and children. Based on data from 54 trials 
with >3000 patients, the most recent meta-analysis concluded that 
single interventions using chemical and physical methods cannot be 
recommended.117 For pet allergens, the Cochrane Group systematic 
review on the effect of avoidance with the pet in situ highlighted the 
paucity of good-quality studies.118

Another systematic review of 59 randomized and eight non-
randomized trials of allergen avoidance reported that the evidence 
base was inconclusive or showed no effect, and that no interven-
tions demonstrated a consistent improvement in asthma control 
measures or lung function.119 Platts-Mills120 summarized the po-
tential problems with meta-analyses and systematic reviews, and 
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this and several other review articles questioned over-reliance on 
meta-analyses/systematic reviews to inform clinical practice on 
allergen avoidance.2,120,121 As a minimum, meta-analyses/system-
atic reviews should assess data in adults and children separately, 
and use only outcome measures for which an appropriate power 
calculation has been provided.121 The choice of clinical outcomes 
can make interpretation of the results challenging, particularly as 
for most protocols, changes in medication during the intervention 
period were decided by the participants' physicians, rather than 
as part of the study protocol. This may be of relevance for BHR, 
where changes in controller medication can also change airway 
reactivity, and it is unlikely that an environmental intervention 
would lead to an improvement in BHR when controller medication 
had been reduced. High-altitude studies indicate that a period of 
several months is necessary to see a benefit, and as many of the 
included studies were of shorter duration, effects may have been 
missed.

6.3  |  Studies of mite allergen avoidance in 
childhood asthma

Many studies of mite allergen avoidance in childhood asthma were 
small (10–20 subjects) and underpowered (summarized in Table 1). 
The first (open) study in children was published in 1974.122 Following 
a 6-week observation period, parents were advised to clean the 
child's bedroom thoroughly, encase the mattress in plastic and re-
move feather duvets and carpets. The duration of the intervention 
was not specified, but mite numbers fell in all mattresses and symp-
tom scores improved in all children. Although no formal comparisons 
were done and methodologies lacked the rigor of a modern clinical 
trial, this was a useful proof-of-concept study. This was followed in 
1980s by a series of small, short, and unblinded studies of partial 
encasings, plus other physical measures,123–125 one of which showed 
an improvement in the primary outcome of BHR, as well as lung 
function and medication use.126 Three randomized controlled trials 
(RCTs) combined physical (encasings of mattress pillow and duvet) 
with chemical (tannic acid or benzyl benzoate to bedroom carpet) 
interventions. Ehnert et al reported a sustained improvement in 
BHR compared with a control group (although there were no pla-
cebo encasings, nor did the authors comment on medication usage 
at the start or end of the trial).127 Carswell et al reported a significant 
improvement in BHR at 6 weeks in the active group, but this was 
not sustained to 24 weeks; however, this study did report improve-
ments in symptoms and a reduction in medication usage at 24 weeks 
as secondary outcomes.128 Shapiro et al reported that more children 
in the active group showed a significant improvement in BHR but no 
difference in secondary outcomes of symptoms or treatments.129 A 
small open study of encasings in Singapore showed a reduction in 
symptom scores from baseline, but no between-group comparisons 
were made.130 A study from Australia tested new feather pillows and 
duvets in the active group (both groups used mite-proof encasings 

for mattress) but was unable to demonstrate a difference in any out-
come measures tested.131

Three early double-blind randomized placebo-controlled RCTs 
(DBRPCT) of mite-proof encasings have published findings.132–134 
One study reported no change in the primary outcome of peak expi-
ratory flow (PEF),132 but ~80% of children were not requiring inhaled 
corticosteroids (ICS) at recruitment, indicating very mild disease 
with little scope for improvement. A study of more severe patients 
(>80% on ICS) demonstrated a reduction in a secondary outcome of 
serum eosinophil peroxidase, but no effect on BHR, lung function, or 
symptoms.133 A Danish study of children with a positive mite bron-
chial challenge and high exposure used reduction in ICS treatment as 
a primary outcome and was able to demonstrate that more children 
could reduce ICS in the active compared with the placebo group.134 
There was no significant difference in BHR, lung function, or symp-
toms between groups.134

Four studies used devices to clean the air. Three were crossover 
designs in which the active treatment period lasted <6 weeks, and 
each had <20 patients. The ionizer135 and electrostatic precipita-
tor136 studies reported negative results. A very small study of HEPA 
filters showed a reduction in symptom scores from baseline, but no 
between-group comparisons were performed.130 One small study 
(12 children completed) of an active laminar airflow system reported 
fewer symptoms whilst the active device was in situ.137

Chemical methods using acaricides (without encasings) have 
been tested in five studies; one study that tested a chemical that 
was ineffective (natamycin) unsurprisingly found no improvement 
in clinical outcomes.138 Two studies from Israel used acaricide acar-
dust. In one study, levels of allergen in the mattress fell and asthma 
symptoms reduced in parallel in the active group, as did medication 
requirements.139 In the other study, no reduction in allergen was 
seen, and no change in lung function or symptoms was observed.140 
One very short study (2–3 weeks) investigated the additional effect 
of Acarosan in children returning from a stay at high altitude and saw 
no difference between groups.141 A further study of Acarosan found 
that levels of mite allergen were reduced in the carpets but not mat-
tresses, but no improvement was seen in BHR.142

6.4  |  Selected double-blind, randomized, placebo-
controlled trials (DBRPCT) of allergenavoidance

The largest DBRPCT of mite-impermeable bed covers as a single 
intervention in adults with asthma found no benefits on lung func-
tion, treatment use, symptom scores, and quality of life.143 By con-
trast, a more recent large DBRPCT of mite-impermeable encasings 
in children aged 3–17 years who were recruited after attending a 
hospital with an asthma attack (Preventing asthma exacerbations 
by avoiding mite allergen—PAXAMA)144 demonstrated a signifi-
cant reduction in hospital attendance with asthma exacerbation 
over a 12-month period, with ~45% lower risk in the active com-
pared with placebo group (Figure 2).144 This simple and relatively 
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TA B L E  1 Mite allergen avoidance studies in mite-sensitized children with asthma.

Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Ehnert
Germany
1992127

RCT
DBPC for B vs Pl, 
not A

3 groups; N = 24; 
Median age 
10 years; 
12 months

1− A: M/P/D: Encasings—polyurethane 
coated, carpets sprayed (3% 
tannic acid) 4 monthly

B: mattress and carpet treated with 
benzyl benzoate

PL: placebo-treated mattress and 
carpet

No comment Significant decrease in 
mattress Der p1 in 
group A (p < .005); 
no change in groups 
B and PL

BHR Significant 
improvement 
in BHR (PC20) 
in group A 
compared 
to others 
(p < .05)

None reported Deutsche 
Forschungsgemeinschaft

Encasings
Tannic acid
+ve 10

Tannic acid 
only

−ve

No placebo encasings. 
no comment on 
medication received at 
start or end of trial

Carswell
UK
1996128

RCT
DBPC; n = 49; Mean 
age 9.9 years; 
6 months

1+ A: BC—benzyl benzoate; M/P/
D- benzyl benzoate then 
polyurethane encasing, wash linen 
at 60°C

Pl: BC—chalk dust; M/P/D- water 
spray, cotton encasings, wash 
linen at 40°C

Cat-sensitized cat 
owners excluded

100% reduction in 
active vs. 53% 
reduction in placebo 
for encasings 
(p < .001); no 
difference in carpet

BHR NS PEF: NS; FEV1: 
p < .05; 
symptoms: 
p < .05; 
medication use 
p < .01

Wellcome Trust
Intervent provided covers

Encasings
Acaricide
Cleaning
+ve 20

Transient improvement in 
BHR at 6 weeks

Shapiro
USA
1999129

RCT
DBPC; n = 36; age 
6–15 years; 
12 months

1+ Aggressive-M/P/: Encasings, clean 
linen delivered monthly, tannic 
acid to carpets

Standard—placebo tannic acid spray 
to carpet, cleaning advice

Pet-sensitized pet 
owners were 
included.

Reduced mite 
allergen exposure 
in aggressive 
intervention 
compared 
with standard 
intervention 
(p = .03)

Doubling in PD20 In 9 of the 
aggressive 
intervention 
group and 
4 standard; 
p = .05

Symptom scores, 
QOL, FEV1, OCS 
usage

NS

National Institute of Allergy 
and Infectious Diseases.

Encasings
Tannic acid
Cleaning
+ve 10

El-Ghitany
2012151

RCT unblinded, 3 
intervention 
groups, n- = 160

aged 6–12 years
FU at 8 and 16 weeks

A: M/P encasing, cleaning, carpet 
removal, no pets

B: tannic acid to carpet and bedding 
2× weeks

C: A + B
Pl: control group

No pets Small reduction in 
exposure in 3 
intervention groups

Asthma severity Improved in 
Group A and 
C p < .001

FEV1 and PEFB 
improved in A, B, 
and C

Not reported No power calculation. Not 
clear who funded the 
intervention. Not clear 
what the encasings 
are made of. V small 
reduction in allergen

Sheikh
UK
2002132

RCT
DBPC; N = 43; Mean 
age 11 years; 
6 months

1+ A: M/P/D: Encasings
Pl: placebo covers supplied by the 

same manufacturer.
Both groups given written
instructions on how to minimize mite 

exposure

Pet owners excluded Not measured PEFR NS (improved in 
both groups)

Symptom score, 
health care 
utilization: NS

ICS reduction NS.

National Respiratory Training 
centre, Warwick

Allerayde provided encasing. 
ALK supplied SPT 
solutions.

Encasings
−ve

Only 21% of subjects were 
on ICS at recruitment. 
ICS reduction program 
from month 1

Halken
Denmark
2003134

RCT
DBPC; N = 47; Age 
5–15 years; 
12 months

1+ A: M/P: Zippered encasings 
semipermeable polyurethane

Pl: cotton covers

Excluded pollen 
allergy and cat-
sensitized cat 
owners

Greater reduction in 
mattress Der p 1 
in active compared 
with placebo at 
12 months (p = .03)

50% reduction in 
ICS dose

A: 73% reduced 
ICS

Pl: 24% reduced 
ICS

p = .007

BHR, symptoms, 
PEF: NS (both 
groups improved)

Danish Asthma and allergy 
Ass; Danish research 
foundation

Encasings
+ve 10

Frederick
UK
1997133

RCT
SBPC Crossover; 

n = 31; Mean 
age 9 years; 
3 months−1 month 
washout between

1− A: M/P: Zippered encasings, wipe 
down weekly with damp cloth.

Pl: polycotton covers

Pet-sensitized pet 
owners included 
(n = 7)

Significant reduction in 
Der p 1 in M/P/D 
in active compared 
with placebo: 
(p < .0001)

Symptoms; PEFR NS FEV1, BHR (PC20 
histamine): NS

EPX: NS
EPO: p = .02

NAC and BLFand Intervent.
Pharmacia provided assay 

kits

Encasings
+ve 20

Glasgow
Australia
2011131

RCT; N = 197; 
7–14 years; 
12 months

1+ All given mite-proof encasing for 
mattress

A: duck feather duvet and pillow
Pl: standard advice of encasings for 

pillow and duvet and hot washing

Assessed with nasal air 
samplers

NS

Four or more
episodes of 

wheeze; 
speech limiting 
wheeze, sleep 
disturbance

NS in Intention to 
treat analysis

FEV1
BHR
QoL
Medication usage
All NS

National Health and Medical 
Research

Council, Australia.

New bedding
−ve

Decreased risk of sleep 
disturbance in per-
protocol analysis

Warner UK
1993135

DBPCT crossover; 
n = 20; 3–11 years; 
6 weeks ×2

1− A: active ionizers; PL: placebo ionizers Active Vs control 
period Airborne 
Der p 1 reduced 
(p < 0.0001)

PEFR
Symptom scores
Medication use

NS (n = 14)
NS
NS

Not stated Ionizers provided 
by London Ioniser Centre

Air cleaning
−ve

Study too short
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TA B L E  1 Mite allergen avoidance studies in mite-sensitized children with asthma.

Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Ehnert
Germany
1992127

RCT
DBPC for B vs Pl, 
not A

3 groups; N = 24; 
Median age 
10 years; 
12 months

1− A: M/P/D: Encasings—polyurethane 
coated, carpets sprayed (3% 
tannic acid) 4 monthly

B: mattress and carpet treated with 
benzyl benzoate

PL: placebo-treated mattress and 
carpet

No comment Significant decrease in 
mattress Der p1 in 
group A (p < .005); 
no change in groups 
B and PL

BHR Significant 
improvement 
in BHR (PC20) 
in group A 
compared 
to others 
(p < .05)

None reported Deutsche 
Forschungsgemeinschaft

Encasings
Tannic acid
+ve 10

Tannic acid 
only

−ve

No placebo encasings. 
no comment on 
medication received at 
start or end of trial

Carswell
UK
1996128

RCT
DBPC; n = 49; Mean 
age 9.9 years; 
6 months

1+ A: BC—benzyl benzoate; M/P/
D- benzyl benzoate then 
polyurethane encasing, wash linen 
at 60°C

Pl: BC—chalk dust; M/P/D- water 
spray, cotton encasings, wash 
linen at 40°C

Cat-sensitized cat 
owners excluded

100% reduction in 
active vs. 53% 
reduction in placebo 
for encasings 
(p < .001); no 
difference in carpet

BHR NS PEF: NS; FEV1: 
p < .05; 
symptoms: 
p < .05; 
medication use 
p < .01

Wellcome Trust
Intervent provided covers

Encasings
Acaricide
Cleaning
+ve 20

Transient improvement in 
BHR at 6 weeks

Shapiro
USA
1999129

RCT
DBPC; n = 36; age 
6–15 years; 
12 months

1+ Aggressive-M/P/: Encasings, clean 
linen delivered monthly, tannic 
acid to carpets

Standard—placebo tannic acid spray 
to carpet, cleaning advice

Pet-sensitized pet 
owners were 
included.

Reduced mite 
allergen exposure 
in aggressive 
intervention 
compared 
with standard 
intervention 
(p = .03)

Doubling in PD20 In 9 of the 
aggressive 
intervention 
group and 
4 standard; 
p = .05

Symptom scores, 
QOL, FEV1, OCS 
usage

NS

National Institute of Allergy 
and Infectious Diseases.

Encasings
Tannic acid
Cleaning
+ve 10

El-Ghitany
2012151

RCT unblinded, 3 
intervention 
groups, n- = 160

aged 6–12 years
FU at 8 and 16 weeks

A: M/P encasing, cleaning, carpet 
removal, no pets

B: tannic acid to carpet and bedding 
2× weeks

C: A + B
Pl: control group

No pets Small reduction in 
exposure in 3 
intervention groups

Asthma severity Improved in 
Group A and 
C p < .001

FEV1 and PEFB 
improved in A, B, 
and C

Not reported No power calculation. Not 
clear who funded the 
intervention. Not clear 
what the encasings 
are made of. V small 
reduction in allergen

Sheikh
UK
2002132

RCT
DBPC; N = 43; Mean 
age 11 years; 
6 months

1+ A: M/P/D: Encasings
Pl: placebo covers supplied by the 

same manufacturer.
Both groups given written
instructions on how to minimize mite 

exposure

Pet owners excluded Not measured PEFR NS (improved in 
both groups)

Symptom score, 
health care 
utilization: NS

ICS reduction NS.

National Respiratory Training 
centre, Warwick

Allerayde provided encasing. 
ALK supplied SPT 
solutions.

Encasings
−ve

Only 21% of subjects were 
on ICS at recruitment. 
ICS reduction program 
from month 1

Halken
Denmark
2003134

RCT
DBPC; N = 47; Age 
5–15 years; 
12 months

1+ A: M/P: Zippered encasings 
semipermeable polyurethane

Pl: cotton covers

Excluded pollen 
allergy and cat-
sensitized cat 
owners

Greater reduction in 
mattress Der p 1 
in active compared 
with placebo at 
12 months (p = .03)

50% reduction in 
ICS dose

A: 73% reduced 
ICS

Pl: 24% reduced 
ICS

p = .007

BHR, symptoms, 
PEF: NS (both 
groups improved)

Danish Asthma and allergy 
Ass; Danish research 
foundation

Encasings
+ve 10

Frederick
UK
1997133

RCT
SBPC Crossover; 

n = 31; Mean 
age 9 years; 
3 months−1 month 
washout between

1− A: M/P: Zippered encasings, wipe 
down weekly with damp cloth.

Pl: polycotton covers

Pet-sensitized pet 
owners included 
(n = 7)

Significant reduction in 
Der p 1 in M/P/D 
in active compared 
with placebo: 
(p < .0001)

Symptoms; PEFR NS FEV1, BHR (PC20 
histamine): NS

EPX: NS
EPO: p = .02

NAC and BLFand Intervent.
Pharmacia provided assay 

kits

Encasings
+ve 20

Glasgow
Australia
2011131

RCT; N = 197; 
7–14 years; 
12 months

1+ All given mite-proof encasing for 
mattress

A: duck feather duvet and pillow
Pl: standard advice of encasings for 

pillow and duvet and hot washing

Assessed with nasal air 
samplers

NS

Four or more
episodes of 

wheeze; 
speech limiting 
wheeze, sleep 
disturbance

NS in Intention to 
treat analysis

FEV1
BHR
QoL
Medication usage
All NS

National Health and Medical 
Research

Council, Australia.

New bedding
−ve

Decreased risk of sleep 
disturbance in per-
protocol analysis

Warner UK
1993135

DBPCT crossover; 
n = 20; 3–11 years; 
6 weeks ×2

1− A: active ionizers; PL: placebo ionizers Active Vs control 
period Airborne 
Der p 1 reduced 
(p < 0.0001)

PEFR
Symptom scores
Medication use

NS (n = 14)
NS
NS

Not stated Ionizers provided 
by London Ioniser Centre

Air cleaning
−ve

Study too short
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Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Mitchell
New Zealand
1980136

Randomized crossover 
trial; n = 10; 
Age 6–14 years; 
4 weeks ×2

2− A: Electrostatic precipitator in child's 
BR

C: Nil
Standard mite avoidance measures in 

both groups (cleaning, laundering, 
and plastic cover over mattress 
top and sides)

Not monitored PEFR NS Use of 
bronchodilator 
NS

Dome Labs provided an 
electrostatic precipitator

Air cleaning
−ve

Study too short

Villaveces
USA
1977152

DB Randomized 
crossover; N = 13

Age 7–15 years

2− A: laminar airflow HEPA unit close to 
pillow

Pl: placebo filter

Extrinsic asthma, not 
on ICS, house-
dust control 
measures taught

Not measured
(particle counts)

PEF NS Improvement in 
symptom scores

p < .05

Not stated Aire cleaning 
+ve 20

Enviraciare filter

Thiam
Singapore
1999130

Open; N = 24; 
6–14 years; 
4 months

2− A: M/P/D encasings (n = 6)
B: HEPA filter in bedroom (n = 12)
PL: nothing (n = 6)
All removed carpets and soft toys 

from bedroom

No pet owners Significantly reduced 
in A over 2 months 
then back to 
baseline

Daily symptom 
score

Reduced within 
groups A 
and B

A: reduced PEF 
variability and 
higher FEV1 
p < .05

Honeywell (Singapore, 
Allergy Management 
Systems, National 
University of Singapore

Encasings and
air cleaning
+ve 20

No between-group 
comparison

Geller-
Bernstein

Israel
1995139

RCT
DBPT; N = 32; 
4–12 years; Asthma 
and/or rhinitis; 
6 months

1− A: Thorough cleaning, bedrooms 
sprayed Acardust day 0 and 90.

Pl: Thorough cleaning, bedrooms 
sprayed with placebo day 0 + 90

No mention Reduced allergen 
in active group 
p = 0.02

Asthma symptom 
score

Reduced p = .03 PEFR NS
Medication taken 

reduced p = .01

Not stated Acaricide
Cleaning
+ve 10

Acardust (esbiol 0.9% and, 
piperonyl butoxide 
7.2%)

Bahir
Israel
1997140

DBPC 3 arm study
N = 46; 6–18 years; 
6 months

1− A: laundering, cleaning, and 
vacuuming advice

B: mattress and floor acaricide 
application 3 monthly

PL: application of placebo to mattress 
and floor 3 monthly

Acarex test NS FEV1 NS Morning & evening 
PEFR NS; 
symptom scores 
NS

Trupharm provided acaricide 
sprays (A and P)

Acaricide or 
cleaning

−ve

Acardust (esbiol 0.9% and, 
piperonyl butoxide 
7.2%)

Reiser
UK
1990138

DBPCT
n = 46; 5–16 years; 
24 weeks

1− A: M sprayed at 2 weekly intervals for 
3 months with Natamycin

PL: M sprayed at 2 weekly intervals 
for 3 months with placebo

Small, NS trend to fall 
in Der p 1 in both 
groups

Symptoms
PEFR
BHR (histamine)
Lung function

NR
NS
NS
NS

Brocades Ltd funded JR and 
supplies sprays

Acaricide
−ve

Natamycin had no effect.

Sette
Italy
1994141

DBPCT
N = 32 (3 groups); 
Mean age 
12.8 years; 
10–20 days

3 A: M sprayed with benzyl benzoate 
foam (Acarosan) Pl:: M sprayed 
with placebo foam

C: no spraying
All homes: removal of carpets; 

synthetic materials in bedroom; 
daily vacuuming and mopping; no 
feather pillows

No pets in 
households

Assessed by Acarex 
test. No difference 
between 3 groups

BHR
Nasal secretory IgE

− NS between 3 
groups

Not stated Acaricide
−ve

Subjects returned from 
high-altitude low-
allergen environment 
to home. Study too 
short

Manjra
South Africa
1994142

RCT
N = 60; Mean age 
9.6 years (Age 
range 5–12 years); 
3 months

A: Detergent to M and Carpets
B: Detergent plus BB to M and 

Carpets
Pl: no treatment

No comment on 
asthma severity 
or power

Baseline M Der p 1 > 20 
mcg/g; significant 
reduction in C for A 
and B but not in M.

BHR NS Snowchem Ltd Acaricide
−ve

Acarosan

Burr
UK
1980124

Crossover RCT; n = 21; 
Age 5–14 years; 
1 month each arm

1− A: New sleeping bags, pillows and 
blankets; M encased (plastic); 
carpets vacuumed

Colonization occurred 
on new bedding 
after the second 
study period

PEFR variability NS Actual PEF higher 
during treatment 
(p < .01)

Not stated Partial 
Encasings + 
new 
bedding

+ve 20

Study too short

Burr
UK
1980123

RCT
N = 53; Age 
5–14 years; 
8 weeks

1− A: vacuuming, washing, airing of 
bedding and bedroom; P encased

P: Dusting and vacuuming of living 
room

Children with 
exacerbations 
from other 
exposures were 
excluded

Mite counts, mite 
allergen: NS

PEFR NS Pediatricians 
assessment of 
progress: NS

Not stated Partial 
Encasings 
+ cleaning

-ve

Improvements seen in 
both groups

Study too short
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Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Mitchell
New Zealand
1980136

Randomized crossover 
trial; n = 10; 
Age 6–14 years; 
4 weeks ×2

2− A: Electrostatic precipitator in child's 
BR

C: Nil
Standard mite avoidance measures in 

both groups (cleaning, laundering, 
and plastic cover over mattress 
top and sides)

Not monitored PEFR NS Use of 
bronchodilator 
NS

Dome Labs provided an 
electrostatic precipitator

Air cleaning
−ve

Study too short

Villaveces
USA
1977152

DB Randomized 
crossover; N = 13

Age 7–15 years

2− A: laminar airflow HEPA unit close to 
pillow

Pl: placebo filter

Extrinsic asthma, not 
on ICS, house-
dust control 
measures taught

Not measured
(particle counts)

PEF NS Improvement in 
symptom scores

p < .05

Not stated Aire cleaning 
+ve 20

Enviraciare filter

Thiam
Singapore
1999130

Open; N = 24; 
6–14 years; 
4 months

2− A: M/P/D encasings (n = 6)
B: HEPA filter in bedroom (n = 12)
PL: nothing (n = 6)
All removed carpets and soft toys 

from bedroom

No pet owners Significantly reduced 
in A over 2 months 
then back to 
baseline

Daily symptom 
score

Reduced within 
groups A 
and B

A: reduced PEF 
variability and 
higher FEV1 
p < .05

Honeywell (Singapore, 
Allergy Management 
Systems, National 
University of Singapore

Encasings and
air cleaning
+ve 20

No between-group 
comparison

Geller-
Bernstein

Israel
1995139

RCT
DBPT; N = 32; 
4–12 years; Asthma 
and/or rhinitis; 
6 months

1− A: Thorough cleaning, bedrooms 
sprayed Acardust day 0 and 90.

Pl: Thorough cleaning, bedrooms 
sprayed with placebo day 0 + 90

No mention Reduced allergen 
in active group 
p = 0.02

Asthma symptom 
score

Reduced p = .03 PEFR NS
Medication taken 

reduced p = .01

Not stated Acaricide
Cleaning
+ve 10

Acardust (esbiol 0.9% and, 
piperonyl butoxide 
7.2%)

Bahir
Israel
1997140

DBPC 3 arm study
N = 46; 6–18 years; 
6 months

1− A: laundering, cleaning, and 
vacuuming advice

B: mattress and floor acaricide 
application 3 monthly

PL: application of placebo to mattress 
and floor 3 monthly

Acarex test NS FEV1 NS Morning & evening 
PEFR NS; 
symptom scores 
NS

Trupharm provided acaricide 
sprays (A and P)

Acaricide or 
cleaning

−ve

Acardust (esbiol 0.9% and, 
piperonyl butoxide 
7.2%)

Reiser
UK
1990138

DBPCT
n = 46; 5–16 years; 
24 weeks

1− A: M sprayed at 2 weekly intervals for 
3 months with Natamycin

PL: M sprayed at 2 weekly intervals 
for 3 months with placebo

Small, NS trend to fall 
in Der p 1 in both 
groups

Symptoms
PEFR
BHR (histamine)
Lung function

NR
NS
NS
NS

Brocades Ltd funded JR and 
supplies sprays

Acaricide
−ve

Natamycin had no effect.

Sette
Italy
1994141

DBPCT
N = 32 (3 groups); 
Mean age 
12.8 years; 
10–20 days

3 A: M sprayed with benzyl benzoate 
foam (Acarosan) Pl:: M sprayed 
with placebo foam

C: no spraying
All homes: removal of carpets; 

synthetic materials in bedroom; 
daily vacuuming and mopping; no 
feather pillows

No pets in 
households

Assessed by Acarex 
test. No difference 
between 3 groups

BHR
Nasal secretory IgE

− NS between 3 
groups

Not stated Acaricide
−ve

Subjects returned from 
high-altitude low-
allergen environment 
to home. Study too 
short

Manjra
South Africa
1994142

RCT
N = 60; Mean age 
9.6 years (Age 
range 5–12 years); 
3 months

A: Detergent to M and Carpets
B: Detergent plus BB to M and 

Carpets
Pl: no treatment

No comment on 
asthma severity 
or power

Baseline M Der p 1 > 20 
mcg/g; significant 
reduction in C for A 
and B but not in M.

BHR NS Snowchem Ltd Acaricide
−ve

Acarosan

Burr
UK
1980124

Crossover RCT; n = 21; 
Age 5–14 years; 
1 month each arm

1− A: New sleeping bags, pillows and 
blankets; M encased (plastic); 
carpets vacuumed

Colonization occurred 
on new bedding 
after the second 
study period

PEFR variability NS Actual PEF higher 
during treatment 
(p < .01)

Not stated Partial 
Encasings + 
new 
bedding

+ve 20

Study too short

Burr
UK
1980123

RCT
N = 53; Age 
5–14 years; 
8 weeks

1− A: vacuuming, washing, airing of 
bedding and bedroom; P encased

P: Dusting and vacuuming of living 
room

Children with 
exacerbations 
from other 
exposures were 
excluded

Mite counts, mite 
allergen: NS

PEFR NS Pediatricians 
assessment of 
progress: NS

Not stated Partial 
Encasings 
+ cleaning

-ve

Improvements seen in 
both groups

Study too short
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12 of 19  |     CUSTOVIC et al.

F I G U R E  2 Proportion of children who suffered one or more severe exacerbation during the 12-month follow-up period in PAXAMA 
study (for all children who completed 12-month follow-up, n = 241; Results are shown for one or more hospitalizations or ED visits requiring 
systemic corticosteroids because of an asthma exacerbation), and time to first hospitalizations or ED visit because of severe exacerbation of 
asthma. Active covers (mite-impermeable) (green line) and Placebo covers (blue line). Adapted from reference,144 with permission.

Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Murray 
Canada

1983126

Unblinded, 2-arm 
study, alternate 
allocation; N = 20; 
Age 6+; 6 weeks

2+ A: M/P Vinyl zippered encasings, 
laundering and cleaning 2 weekly. 
Remove carpets from bedroom

Pl: no change

Pets kept outside if 
pet-sensitized

Not measured BHR A had increased 
PC20: 
p = .007

A had better
PEFR p = .035; 
Symptoms 
p = .003 
Medication 
p = .03

British Columbia Lung 
Foundation

Encasings
Cleaning
Carpet removal
+ve 10

Study too short. Group 
allocation not stated

Gillies
UK
1987125

Unblinded
RCT
N = 26; Age 
6–16 years; 
12 weeks

2− A: 12/52 M/P encased (plastic 
covers); soft toys and pets 
excluded from bedroom, weekly 
damp dusting, vacuuming.

B: 6/ 52 observation followed by 6/52 
of above avoidance measures

Mite counts: reduced in 
both groups

BHR PC20: NS Symptom scores NS 
PEFR NS:

Total IgE reduced 
(p < .005)

Not stated
Pharmacia did RASTs

Encasings
Cleaning
+ve 20

Study too short; 
mild Asthma- 
bronchodilators only

Zwemer
1973137

DB
Crossover
N = 12
Age range 6–16 years; 
4 weeks

2− A: active laminar airflow system
Pl: placebo filter in device

‘extrinsic asthma’ Mite allergen not 
measured

Symptom diary 
and medication 
usage

All reduced but 
no statistics 
performed

none Not stated Pure-zone system clean air 
headboard

Sarsfield UK
1974122

Open study
N = 14; Age 
3–13 years; 6-week 
run in followed 
by unspecified 
avoidance period.

3 A: Vacuuming, laundering advice, P & 
D replace feather with synthetic 
filling, and plastic cover over 
mattress top and sides. Remove 
BC

No mention Mite counts fell from 
mean 80 to mean 2 
(no stats performed)

Symptom score All reduced but 
no statistics 
performed

Not stated Bencard Ltd 
provided allergen 
extracts

Abbreviations: A, active; B, 2nd active group where included; BC, bedroom carpet; C, carpet; C, 3rd active group; D, duvet; DBPC, double-blind 
placebo-controlled; EPO, eosinophil peroxidase; ICS, inhaled corticosteroids; M, mattress; N, number; NS, no significant difference; O, other; OCS, 
oral corticosteroid courses; P, pillow; Pl, placebo; RCT, randomized controlled trial; SB, single-blind.
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    |  13 of 19CUSTOVIC et al.

inexpensive intervention costing a one-off investment of ~US$200 
(and requiring no further adherence once the covers were in situ) 
halved emergency hospital attendance with asthma attacks. The 
effectiveness was greatest in younger children (<11 years) who 
were mono-sensitized to mite, living in nonsmoking households, 
and requiring more ICS.144

Studies of multifaceted environmental control in children with 
asthma are summarized in Table 2. The largest trial which tested the 
effectiveness of the comprehensive environmental intervention tai-
lored to the patient's sensitization and exposure status, which in-
cluded targeted allergen avoidance, but also parent/carer education 
and advice on the reduction of passive smoke exposure when appro-
priate, showed a significant reduction in asthma symptoms within 
2 months of starting, which was sustained throughout the 2-year pe-
riod.145 The number of emergency room (ER) visits for uncontrolled 
asthma was also reduced.

Environmental control using temperature-controlled lami-
nar airflow (TLA) device, which displaces aeroallergens from the 
breathing zone,146 may improve quality of life and reduce airway 
inflammation in patients with atopic asthma (both adults and chil-
dren).147 A real-life observational study of the effects of night-time 
TLA device for 12 months in addition to the regular medication 

reported a reduction in asthma attacks, asthma-related ER visits, 
and hospitalisations.148

An open-label proof-of-concept study suggested that the addi-
tion of TLA device to pharmacological treatment may be an effective 
add-on to the management of severe atopic eczema in children.149

6.5  |  Pragmatic approach to allergen avoidance in 
clinical practice

Based on the evidence to date, the pragmatic approach to mite and 
cockroach allergen avoidance in clinical practice is to use a multi-
faceted approach that requires more than simple advice on meas-
ures to reduce exposure (e.g., bed covers) but also includes patient 
education, regular removal of allergen by routine cleaning, frequent 
laundry, etc. Interventions should be tailored to the patient's sensi-
tization and exposure status. However, as assessment of exposure is 
not feasible in most health care settings, a titer of allergen-specific 
IgE antibodies or the size of skin test wheal can be used as an indica-
tor to help decide whether to recommend avoidance (the greater the 
specific IgE or skin test wheal, the more likely it is that sensitization 
is relevant to patient's asthma symptoms.150)

Author 
Country year

Study design; 
number; subjects 
characteristics; 
follow-up

Evidence 
level Avoidance measures Other allergens

Effectiveness of 
intervention on mite 
allergen levels Primary outcome Effect size

Other outcomes 
Active vs placebo Source of funding

Has study 
answered 
original 
question Limitations

Murray 
Canada

1983126

Unblinded, 2-arm 
study, alternate 
allocation; N = 20; 
Age 6+; 6 weeks

2+ A: M/P Vinyl zippered encasings, 
laundering and cleaning 2 weekly. 
Remove carpets from bedroom

Pl: no change

Pets kept outside if 
pet-sensitized

Not measured BHR A had increased 
PC20: 
p = .007

A had better
PEFR p = .035; 
Symptoms 
p = .003 
Medication 
p = .03

British Columbia Lung 
Foundation

Encasings
Cleaning
Carpet removal
+ve 10

Study too short. Group 
allocation not stated

Gillies
UK
1987125

Unblinded
RCT
N = 26; Age 
6–16 years; 
12 weeks

2− A: 12/52 M/P encased (plastic 
covers); soft toys and pets 
excluded from bedroom, weekly 
damp dusting, vacuuming.

B: 6/ 52 observation followed by 6/52 
of above avoidance measures

Mite counts: reduced in 
both groups

BHR PC20: NS Symptom scores NS 
PEFR NS:

Total IgE reduced 
(p < .005)

Not stated
Pharmacia did RASTs

Encasings
Cleaning
+ve 20

Study too short; 
mild Asthma- 
bronchodilators only

Zwemer
1973137

DB
Crossover
N = 12
Age range 6–16 years; 
4 weeks

2− A: active laminar airflow system
Pl: placebo filter in device

‘extrinsic asthma’ Mite allergen not 
measured

Symptom diary 
and medication 
usage

All reduced but 
no statistics 
performed

none Not stated Pure-zone system clean air 
headboard

Sarsfield UK
1974122

Open study
N = 14; Age 
3–13 years; 6-week 
run in followed 
by unspecified 
avoidance period.

3 A: Vacuuming, laundering advice, P & 
D replace feather with synthetic 
filling, and plastic cover over 
mattress top and sides. Remove 
BC

No mention Mite counts fell from 
mean 80 to mean 2 
(no stats performed)

Symptom score All reduced but 
no statistics 
performed

Not stated Bencard Ltd 
provided allergen 
extracts

Abbreviations: A, active; B, 2nd active group where included; BC, bedroom carpet; C, carpet; C, 3rd active group; D, duvet; DBPC, double-blind 
placebo-controlled; EPO, eosinophil peroxidase; ICS, inhaled corticosteroids; M, mattress; N, number; NS, no significant difference; O, other; OCS, 
oral corticosteroid courses; P, pillow; Pl, placebo; RCT, randomized controlled trial; SB, single-blind.
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For pet-allergic pet owners who experience symptoms upon ex-
posure, pet removal is the only appropriate advice,93 but this can 
cause much distress and, anecdotally, is rarely complied with, em-
phasizing the need for better evidence in this area.
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