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It has been 50 years since the dust mite was first appreciated to
be a major source of allergen in house dust, and by extension a
key trigger of allergic respiratory disease. Since that time a
number of protein allergens have been identified and
characterized, mainly from mite feces, and standardized mite
extracts and IgE assays have been developed. Insights into the
lifecycle of dust mites and aspects of mite allergen biology have
shed light on the mechanisms that lead to respiratory disease and
to the development of interventions that can minimize dust mite
allergen exposure. It is now clear that dust mite allergy is a key
contributor to asthma in many parts of the world, and that long-
term avoidance can be effective for preventing sensitization and
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minimizing the development and severity of respiratory disease.
Here, we discuss the evidence linking dust mites with respiratory
disease, outline studies that support the efficacy of home
environmental interventions, and highlight practical methods
that have been shown to be effective as part of a multifaceted
approach to dust mite avoidance. © 2017 American Academy
of Allergy, Asthma & Immunology (J Allergy Clin Immunol
Pract 2018;6:1-7)
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BACKGROUND ON DUST MITE AVOIDANCE
Although the importance of house dust as an allergen source
was recognized as early as the 1920s and several immunochemists
had searched for the culprit allergen, the most important source
of house dust allergens was not recognized until 1967."” The
breakthrough came from the microscopic identification of dust
mites crawling in house dust samples obtained from damp houses
in the Netherlands. This led rapidly to the development of
techniques for growing these Acarids, which made it possible to
produce dust mite extracts both for skin testing and for the
RAST assays.”” The availability of dust mite extracts provided
evidence that dust mite sensitization was strongly associated with
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Abbreviations used
BHR- Bronchial hyperreactivity
HEPA- High-efficiency particulate air

asthma in many or most areas of the temperate world.” The
impact of these findings was dramatic because this was the first
well- defined perennial allergen that could not be identified
visually.” The nonseasonal nature of exposure led to a debate
about causality and the impact of dust mite avoidance measures
has played an important part in those ongoing arguments.”

The first purification of a dust mite allergen was dependent on
a “gift” of 400 g of spent dust mite culture medium that con-
tained dead mites, eggs, and mite feces. This allergen, which was
initially called F4P1 and subsequently Der p 1, led directly to the
development of a radioimmunoassay to measure the presence of
mite allergen in dust samples and also in samples collected from
the air’ (see also www.allergen.org). Detailed studies on the
source of the allergen focused on mite feces.'” The evidence that
these particles became airborne and were the major form in
which mite allergen accumulated in mite cultures provided
important information about the form of exposure. However, it
also challenged the prevailing consensus that particles needed to
be 5 tm or smaller to enter the lungs. The problem was that the
mite feces, normally 20 to 30 Wm in diameter and encased in a
peritrophic membrane that prevents them from breaking up,
were “too large.”'”!" The view that particles needed to be small
came from (1) the size of nebulized droplets used for bronchial
challenge, that is, 2 m diameter, (2) the size of occupational
dust particles that were associated with progressive lung damage,
and (3) some evidence relating to ragweed particles.'* There have
been 2 major studies on the size of particles entering the lungs
and both reached the same conclusion.'”'* There is a progressive
fall in the percentage of particles entering the peripheral lung
with increasing size, but even with sizes of greater than or equal
to 20 [lm, 10% will still enter the bronchial tree. In addition, it is
clear that the entry of larger particles is inversely related to the
velocity of air entering the mouth. Interestingly, a more recent
study shows that nebulized large particle dust mite allergen
(median, 9.7 pm) induced bronchial hyperreactivity (BHR) at a
lower concentration than did smaller particles (median, 1.1
um)."” Thus, under conditions of gentle breathing a significant
proportion of large particles will enter the bronchi and these
particles can contribute to progressive inflammation of the
lungs.'® The notion that allergen size and sensitization patterns
could contribute to differences in the involvement of small or
large airway disease is an interesting but inadequately studied
idea.'”

Many authors talk about typical symptoms for dust mite al-
lergy, but when it comes to asthma this phenomenon does not
exist. For example, very few mite-allergic patients report rapid
onset of symptoms after entering an undisturbed house infested
with mites. There are multiple, non—mutually exclusive expla-
nations to consider. The first relates to the large particle size of
mite feces and the fact that very little mite allergen stays airborne
in a house for more than 10 to 20 minutes."' Natural exposure
involves a small number of fecal particles entering the lungs per
day, which do not produce noticeable symptoms or changes in
lung function at the time of exposure.'”'® Thus, airway
inflammation results from chronic exposure to small numbers of
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relatively large particles. This is in contrast to bronchial challenge
with nebulized droplets, which involves inhaling approximately
10% droplets of about 2 pwm diameter over 2 to 5 minutes,
resulting in a measurable decrease in lung function within 20
minutes. Another explanation relates to evidence that the in-
flammatory response to dust mite allergen involves non—IgE-
mediated mechanisms, including T cells and innate immune
cells."®?" Taken together then we have the enigma of the
allergen that is most strongly associated with asthma being
invisible, lacking clearcut seasonality, and rarely giving rise to
respiratory symptoms at the time of exposure (see Woodfolk
et al’!).

Notably it was Roger Altounyan who recognized and reported
that the recovery from allergen-induced nonspecific BHR took
months.”” This phenomenon, which was first reported in relation
to the grass pollen season, was subsequently confirmed among
children who had improved symptoms and BHR after moving to
high-altitude Sanatoria in Switzerland, Italy, or France.”>?° The
ability of prolonged avoidance to reverse BHR among mite-
allergic patients with asthma was also observed in subjects who
lived in a mite-free hospital room in London for 3 to 9 months.”
The importance of this background to any discussion of dust mite
avoidance includes that (1) the patients’ clinical history will not
give simple evidence about the importance of mite exposure, (2)
ideally you need evidence about allergen levels in the patient’s
house or at least in the community where the patient lives, and (3)
it is clear that the process of recovery from prolonged allergen
exposure takes months not days.

Types of avoidance

Once it was possible to measure the concentration of relevant
allergens in dust samples, it became clear that there were multiple
effects of exposure. For those already sensitized and with asthma,
the benefit of avoidance was demonstrated in the European
children who moved to the high-altitude sanatoria™** and the
adult patients with asthma in London who improved with long-
term hospitalization in a mite-free environment.”® The target of
this form of intervention, typically called tertiary avoidance, was
to decrease exposure of an allergic and symptomatic patient.
Subsequently many other intervention studies have proven suc-
cessful for tertiary prevention, though this has not been univer-
sally true.”””" Indeed, the utility of tertiary avoidance has been
the subject of much controversy, stemming in part from results
of recent meta-analyses that did not demonstrate benefit.””*
Our view is that interventions that have achieved their primary
objective, that is, reducing mite exposure, have consistently
demonstrated benefit.”’ Notably this was also the view of the
2013 Joint Task Force.??

An alternative question was whether it was possible to modify
exposure in childhood sufficiently to prevent sensitization in the
first place, that is, primary avoidance. The strongest evidence that
this form of primary avoidance should be possible came from
studies on children raised in mite-free environments. For
example, dust mite sensitization is not relevant to asthma among
children raised in Los Alamos, New Mexico, or in the Norbotten
area of Northern Sweden.”>>* In each case, there is good evi-
dence that none of the homes in those areas contain significant
mite allergen.””*

Central to any avoidance proposal is the assumption that we
know the relevant site of exposure and concentration of allergen
that leads to sensitization or symptoms. Strikingly, the answer to
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TABLE I. Priorities in the approach to decreasing dust mite
exposure

I. Bedroom
a. Cover mattress with plastic or fine woven fabric; cover pillows
and comforters with fine woven fabric; mattress pads, sheets and
all blankets should be suitable for washing every 1-2 weeks
b. Remove carpet if possible; decrease upholstered furniture,
drapes, clothing, etc.
c. Room air cleaner; best to use HEPA filter placed on polished floor
II. Whole House
a. Decrease to 45% relative humidity or less
b. Ventilate house at times when there is low outside humidity
¢. Choose a house with 2™ floor bedrooms
d. Avoid concrete slabs except in the basement and certainly avoid
fitted carpets on a concrete slab
III. Specific questions beyond the bedroom
a. Carpets should be area rugs if possible; ideally they should
be cleaned or put out in the sun and beaten
b. Vacuum carpets twice weekly
c. Avoid upholstered furniture as much as possible and reduce
clutter to facilitate cleaning

this question may be different for primary avoidance than for
secondary or tertiary avoidance. If periods of exposure of only a
week or relatively low concentrations of allergen are sufficient to
initiate sensitization, then primary avoidance may be impossible
in a town where many other houses have high levels of dust
mites.””*® Equally, avoidance of a cat in the home may not be an
effective method of preventing cat sensitization if cat allergen is
nonetheless present in homes or schools because it has been
transferred from other homes.’® Thus, the real difference be-
tween Kiruna in Sweden and Manchester in the United
Kingdom, or between Los Alamos, New Mexico, and Charlot-
tesville, Virginia, in the United States may be community
prevalence of dust mite allergens. Taken together these findings
suggest that household interventions are more likely to control or
minimize allergic disease rather than prevent sensitization itself.

THE PROCESS OF DUST MITE AVOIDANCE

There are many areas of the world where exposure to dust
mite allergens in homes is almost inevitable. In these areas,
sensitization to dust mite, as judged by skin tests or serum IgE
antibodies in a patient with relevant symptoms, is sufficient to
recommend simple measures to decrease exposure. Any proposal
to a patient should include a series of priorities (Table I). Clearly,
exposure can occur anywhere in the home, at school, or in the
workplace.m However, the bedroom is the primary focus both
because we all spend a large proportion of our lives in bed and
also because it is easier to achieve major changes in exposure in
the bedroom. Although it is important to have an overall plan,
there are specific parts of the process that are worth considering
separately. These include (1) the materials used for covering
pillows and mattresses, (2) humidity control, (3) room air
cleaners, (4) carpets, and (5) vacuum cleaners. It is clear that the
odds of successful avoidance are much higher with multifaceted
approaches.

Mattress casings and laundering

Thinking about how to decrease exposure in a bedroom
started almost as soon as mites were identified as a major prob-
lem. Initially, plastic was the only fabric that would block mites
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though there were concerns about encasing a mattress in a
nonbreathing cover. In fact, there do not seem to be significant
problems with using a plastic cover provided that the mattress is
dry and there is a washable mattress pad on top of the plastic.
Plastic covers on pillows, however, are generally unacceptable
because they increase sweating. The materials used for barriers
have progressed from plastic to various semipermeable fabrics
that were less uncomfortable. However, a major breakthrough
occurred around 2000 when the demand for typewriter ribbon
reached a new low and manufacturers of fine woven fabrics were
in search of a new market. At about the same time as the fine
woven fabrics appeared, various unwoven fabrics were also
introduced for mite avoidance. The distinction between these
fabrics is important (Figure 1). Testing either of these fabrics
with a forced airflow has been shown to prevent the passage of
mite feces.”’ However, when tested with live mites it became
clear that mites could penetrate through the unwoven fabrics.”'
In addition, debris from the mites gets into these fabrics and is
very hard to remove. Perhaps most important, the unwoven
fabrics do not withstand repeated washing. Overall, it is clear that
the fine woven fabrics are the correct material for pillowcases and
for covers on duvets or comforters. All other materials on top of
the mattress should be suitable for regular washing. Although
long-standing recommendations have emphasized washing with a
hot cycle, a warm cycle achieves nearly the same effect of
removing the majority of mite allergen without the risk of
scalding.™ A warm cycle may be somewhat less helpful for
eliminating mites themselves, especially if using a front-loading
machine, although this is less important if using a clothes
dryer, which can kill virtually all mites. >4

Humidity control

Dust mites rely on ambient moisture for growth and repro-
duction, although they can survive for prolonged periods in low
humidity environments.”” This contributes to the explanation
that there can be seasonal variation in both dust mite burden and
mite-related respiratory symptoms, and argues for a yotential role
of dehumidification as an avoidance measure.”>*” A relative
humidity of 45% to 50% is typically considered the threshold to
achieve control.”® Likely related to the fact that even brief periods
of elevated humidity are sufficient for dust mite survival and
reproduction, the results from controlled trials focusing on
dehumidification have been decidedly mixed.”*” An additional
note is that arid or semiarid environments, which are not typi-
cally considered to be areas with major dust mite problems, can
in fact harbor significant dust mite burden under certain con-
ditions, for example, in homes that use evaporative coolers.” >

Air cleaners

There are many possible methods of cleaning the air within a
house including a wide variety of electrostatic cleaners. However,
most or all types of electrostatic cleaners produce ozone. In
addition, charged particles stick to the walls of the room.
Although there are designs of electrostatic cleaners where the
charged particles stick to plates within the cleaner (which can be
cleaned regularly or sampled to measure exposure), unfortunately
these designs are not widely available.”® The major alternative is
to use filters where the particles are captured physically in the
filter. In this case, the best approach is to use a high-efficiency
particulate air (HEPA) filter. Interestingly, these cleaners were
first developed in 1942 as part of the program to remove
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FIGURE 1. Scanning electron microscope images of 4 fabrics: A, Dust mite on fine woven fabric. B, Higher resolution image of fine woven
fabric. C, Cotton sheet with large pores. D, Nonwoven material showing heat welding.

uranium particles from the air at Oak Ridge in Tennessee. This
led to the development of these filters that consist of a large area
of folded paper that allows passage of air and removes 99.7% of
particles as small as 0.1 pm. This effectively excludes particles as
small as tobacco smoke. However, an important problem with
room air cleaners is to ensure that the flow of clean air coming
out of the cleaner does not disturb the dust on the floor. The
most obvious example is a carpet, particularly in a house with a
cat. A HEPA filter placed on a carpet in a house with a cat will,
in some circumstances, disturb more cat allergen from the carpet
than the filter removes from the air.”” This emphasizes how
important it is to educate patients or provide educational ma-
terial. There is modest but mixed evidence that HEPA filters can
reduce respiratory symptoms in atopic subjects, which argues
that they may be helpful as part of multifaceted avoidance
strategies.

Carpets, furniture, drapes, etc

Multiple studies have clearly shown that in addition to mat-
tresses, carpet and upholstered materials are important sources of
dust mite allergen.”®”” The situation with carpets is fascinating
because the problems involved with maintaining carpets in a hot
climate were well recognized by 1900. At that time, the carpets
in all “properly” run (ie, affluent) homes were taken up in the
summer and put into storage. This of course is impossible with
fitted carpets. Furthermore, even with modern vacuums it is
impossible to get all the debris and dust mite allergen out of a
carpet.”’ Thus, humidity control should be part of any strategy
that addresses the reservoir of allergen in carpet and upholstery.

Otherwise carpets should be kept to a minimum, and taken up to
be cleaned and dried in the sun. For all other sites of possible
mite growth, the general principle is to keep upholstered material
to a minimum if humidity cannot be controlled.

Vacuum cleaners

Ability to clean carpets. One of the major arguments for
vacuum cleaners when they were first introduced was that they
could clean a carpet without taking it up. A good vacuum is
indeed a major improvement on brushing a carpet with a broom.
However, vacuum cleaners cannot prevent accumulation of
debris including human skin scales (ie, mite food) in a carpet.
Equally, live mites are not removed from a carpet by a vacuum
cleaner, presumably because mites have elegant foot pads that
allow them to hold on to any surface®!%? (Figure 2). Steam
cleaning would appear to offer a solution; however, the debris in
a carpet also creates limits for steam cleaners. If the steam goes
deep into a carpet, it can bring out colored material from deep in
the carpet, which can appear as a stain. For this reason, the steam
cleaners are designed not to go into the debris that accumulates
deep in the carpet. Indeed, interventions adding steam cleaning
to frequent vacuuming with a HEPA filter—equipped vacuum
had modest additional benefit to mite allergen reduction, though

vacuuming alone did lead to a significant decrease in
63,64
allergen.

Disturbance of dust in the home. Many forms of
housework can disturb dust and this increases exposure.'” Simply
moving furniture and throwing pillows, drapes, or bedding can
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FIGURE 2. High-resolution electron microscopy image of dust
mite.

make mite allergens airborne. However, vacuum cleaners are
particularly effective at disturbing dust.®® These cleaners disturb
dust at the front end and also with the outflow of air that has
been through the fans and the cleaner bag. This disturbance is
such that it has been recommended that patients not only wear a
mask during cleaning but also leave the room for 20 minutes
afterwards. It is possible to test elements of these cleaners® and
thus we know that good-quality paper bags prevent most of the
allergen-containing particles coming through. Double-thickness
paper bags are particularly effective and in addition many of
the filters are effective. However, vacuum cleaners do not have
industry standards for the filtration of air coming through the
bag. Furthermore, the companies change features of the models

frequently, so that detailed research on models soon becomes out
67
of date.”

CONTROLLED TRIALS OF DUST MITE AVOIDANCE

Published controlled trials of mite avoidance include many
where the design clearly undermines the likelihood of a successful
outcome. The most obvious problems are studies that (1) did not
produce a significant decrease in mite allergens,68 (2) included
such aggressive cleaning of the blankets, sheets, and so forth in
both control and intervention arms that it was very unlikely that
a mattress cover would produce a significant change in expo-
sure,”” (3) may have enrolled patients with multiple sensitivities
without addressing the allergens other than dust mites,”” and (4)
enrolled patients with relatively well-controlled disease or mini-
mal dust mite allergen exposure at baseline.”' We would high-
light several previous reviews that have addressed this topic in
detail 27:28:31:67.72

Obviously, there are many aspects of the recommended
avoidance measures that cannot be controlled. Nonetheless,
successful trials have been carried out with the main intervention
related to beds. We would like to focus on a group of studies that
have achieved a significant decrease in exposure and maintained
it for at least 1 year”””” (Table II). The successful controlled
trials primarily used physical barriers but they also included a
treatment with heat to kill mites, the added use of tannic acid to
denature mite allergens, and a complex trial using measures to
control animal dander, and cockroach as well as dust mites.”®
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The outcomes include peak expiratory flow rates, BHR, and in
the most recent study, exacerbations requiring a hospital visit.”’
The central feature of all but 1 of the studies was that they
documented prolonged decrease in mite allergen exposure.
Perhaps the most interesting study is also the most recent. In this
study, Murray et al’” enrolled children in the northern part of
the United Kingdom with a history of acute wheezing episodes
requiring a visit to hospital, and did a controlled trial of avoid-
ance that was effectively blinded.”” The outcome was a signifi-
cant decrease in exacerbations over the next year.

CHANGES THAT COULD HAVE INFLUENCED THE
RELEVANCE OF DUST MITE AVOIDANCE
Education

When dust mites were first recognized scientifically as an
important cause of allergic diseases, there was a major job to be
done in educating the public about the existence of these invis-
ible spider-like animals in house dust. At that stage, dust mite
skin tests played an important role in explaining the importance
of mites and the relevance of decreasing exposure. Today, there is
extensive public awareness of dust mites and patients have no
difficulty gaining information about the techniques of avoidance
(Google query: “Dust Mite Avoidance”). Thus, today the major
problem with education may be trying to control the accuracy of
the information that is available online. However, this is part of a
much larger problem about the future of medical education.

Changes in housing

Over the same period of time that asthma became common,
that is 1960-2000, there have also been major changes in
housing. In the United Kingdom, the main change was in central
heating, which can keep houses dry in the winter. In the United
States, the main change was the adoption of central air-
conditioning, which made it possible to control indoor humid-
ity in areas where the water content of the outdoor air, especially
in the summer, is extremely high. Overall there have been major
decreases in the humidity of homes with a consequent decrease
in the number of homes with optimal conditions for mite
growth. Evidence that changes in the design and management of
houses have decreased exposure to dust mites is not available for
the United States. In Europe some estimates suggest that changes
in public awareness and in the management of homes have
decreased exposure by as much as 10-fold (R. Aalberse, PhD, oral
communication, 2016). In contrast, in many areas of the
developed or developing world, mite allergens and mite sensiti-
zation still dominate the risk of asthma.”®””
Pharmacologic therapies

A further major change has occurred in the management of
asthma, which has been revolutionized by the availability of
inhaled steroids. In particular, combination therapy with steroids
and long-acting beta-2-agonists has been very effective. This
treatment has been adopted widely for the treatment of bronchial
inflammation in patients with mild or moderate allergic asthma,
that is, those patients who are predominantly allergic to common
indoor allergens. The availability of these inhaled medicines has
already decreased the number of patients who are being referred
to specialists. Seeing this change positively may mean that the
relevant site for education about allergen avoidance has moved or
should move into primary care. Regardless, there is still a major
role for avoidance, for measures such as anti-IgE treatment
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TABLE Il. Successful trials of dust mite avoidance in the management of asthma

Authors Length Methods Participants Decrease in mite Outcome
Walshaw and Evans,” 1986 ly Physical barriers 22/10 SFF PEFR/BHR

Ehnert et al,”* 1992 ly Physical barriers 8/16 ++ PEFR/BHR

Htut et al,”> 2001 ly Heat treatment 10/10/10 ++ BHR

Morgan et al,”® 2004 ly Multiple measures 425/441 ++ Symptoms

Murray et al,”’ 2017 ly Physical barriers 146/138 ND Acute exacerbations

ND, Not determined; PEFR, peak expiratory flow rate.

directed at the effects of allergen exposure™

and arguably for

immunotherapy as well.””
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