
The Role of Dust Mites in Allergy

Jeffrey D. Miller1,2

# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
House dust mites are an unsurpassed cause of atopic sensitization and allergic illness throughout the world. The major allergenic
dust mites Dermatophagoides pteronyssinus, Dermatophagoides farinae, Euroglyphus maynei, and Blomia tropicalis are eight-
legged members of the Arachnid class. Their approximately 3-month lifespan comprises egg, larval, protonymph, tritonymph,
and adult stages, with adults, about one fourth to one third of a millimeter in size, being at the threshold of visibility. The
geographic and seasonal distributions of dust mites are determined by their need for adequate humidity, while their distribution
within substrates is further determined by their avoidance of light. By contacting the epithelium of the eyes, nose, lower airways,
skin, and gut, the allergen-containing particles of dust mites can induce sensitization and atopic symptoms in those organs.
Various mite allergens, contained primarily in mite fecal particles but also in shed mite exoskeletons and decaying mite body
fragments, have properties that include proteolytic activity, homology with the lipopolysaccharide-binding component of Toll-
like receptor 4, homology with other invertebrate tropomyosins, and chitin-cleaving and chitin-binding activity. Mite proteases
have direct epithelial effects including the breaching of tight junctions and the stimulation of protease-activated receptors, the
latter inducing pruritus, epithelial dysfunction, and cytokine release. Other components, including chitin, unmethylated mite and
bacterial DNA, and endotoxin, activate pattern recognition receptors of the innate immune system and act as adjuvants promoting
sensitization to mite and other allergens. Clinical conditions resulting from mite sensitization and exposure include rhinitis,
sinusitis, conjunctivitis, asthma, and atopic dermatitis. Systemic allergy symptoms can also occur from the ingestion of cross-
reacting invertebrates, such as shrimp or snail, or from the accidental ingestion of mite-contaminated foods. Beyond their direct
importance as a major allergen source, an understanding of dust mites leads to insights into the nature of atopy and of allergic
sensitization in general.
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Introduction

House dust mites are arguably the masters of allergenicity.
Atopic reactivity to their products is one of the most common
causes of allergy in the world [1, 2], affecting the eyes, upper
and lower airways, skin, and on occasion the systemic circula-
tion. Unique attributes of dust mites have allowed them to col-
onize the indoor environment in most homes in the temperate
regions of the world, while other attributes bring their allergens
into close contact with the epithelium of humans. They produce
an unmatched assortment of allergens and adjuvants that seems

perfectly suited to inducing both innate and adaptive immune
reactions. This review will discuss the classification, biology,
and distribution of house dust mites and will focus on those
features of dust mites and their products that are relevant to
atopic sensitization. Dust mites produce diverse allergens that
are not only immunogenic but often have proteolytic activity
and are packaged with bacterial DNA, endotoxin, chitin, and
other materials that induce immune responses.

Classification of House Dust Mites

Although house dust mites share the Arthropod phylum with
insects and crustaceans, they are in the Arachnid class, the
eight-legged members of which are no more closely related
to the six-legged members of the insect class than humans are
related to sea squirts. Arachnids comprise the spiders, scor-
pions, and acarii, the latter order containing several suborders
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including parasitic mites, ticks, chiggers, soil mites and the
Bastigmata^ [3]. (Fig. 1). Although ticks have recently been
shown to be capable of provoking IgE-mediated reactions to
alpha gal [4], it is the members of the Astigmata suborder—
house dust mites, storage mites, and scabies mites—that are
responsible for inducing classical atopic reactions. Storage
mites and house dust had both been recognized since the
1920s as being capable of causing allergic reactions [5], but
it was not until the 1960s that Voorhorst et al. [6] in the
Netherlands and Miyamoto et al. [7] in Japan identified spe-
cific house dust mites as the major source of house dust aller-
gen, and not until 1981 that Tovey, Chapman, and Platts-Mills
identified the mite fecal particle as a major source of house
dust mite allergens [8].

The term Bdomestic mites^ refers to both house dust mites
and storage mites. The major allergenic house dust mites in-
clude Dermatophagoides pteronyssinus, Dermatophagoides
farinae, and Euroglyphus maynei; although technically cate-
gorized as a storage mite, Blomia tropicalis is a source of mite
allergen in houses in tropical and semitropical locations.

Structure and Biology of House Dust Mites

General Anatomy

There are two commonmisconceptions about dust mites, both
resulting from their being usually seen in electron microscope
images: they are neither as small, nor as opaque, as commonly
believed. The unsegmented bodies of adult mites measure

250–350 μm in length, i.e., approximately one fourth to one
third of a millimeter. Although very small indeed for a multi-
cellular organism, they are actually fairly large for a microor-
ganism, on the threshold of visibility. They are easily seen
under low power (10–60×) light microscopy, the electron mi-
croscope being required only to discern fine details such as the
ridges on their outer cuticle. About the size of a small point
made with a very sharp pencil, they would be visible with the
naked eye were it not for their translucency, and the fact that
their photophobic response to light prevents them from being
on exposed surfaces during daylight hours.

In contrast to their solid gray appearance in electron micro-
graphs (Fig. 2a), dust mites under light microscopy are pale
amber in color and are translucent, reminiscent of tiny nasal
polyps (Fig. 2b). Their high water content and watery appear-
ance makes understandable their humidity dependency, to be
discussed below. Mites do not have eyes, and although their
light receptor organ has not been defined they are photopho-
bic, moving until they are in a dark area. It is this aversion to
light that determines their distribution within the indoor envi-
ronment. Dust mites ambulate on four pairs of legs, with hair-
like Bsetae^ on their body, legs and feet functioning as feelers
(Fig. 3), and with suction cup-like feet (Fig. 4a), allowing
them to adhere to surfaces and fibers (Fig. 4b).

Reproduction and Life Cycle

Dust mites reproduce sexually, with copulation lasting up to
48 h (!), the consequence of the mites’ tiny size necessitating
single-file exit of the sperm from the male [9]. The normal life
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span of a house dust mite is approximately 65–100 days, with
each life stage progressing more rapidly at higher temperature
and more constant humidity. At room temperature, females
lay approximately 50–80 eggs (Fig. 5a, b) during their lifetime
[10], with a six-legged larval stage emerging from the egg
after about 8 days. Larvae develop into first stage nymphs
(Bprotonymphs^), which in turn develop into the second stage
nymph (Btritonymph^), before finally reaching adulthood
(Fig. 6a, b). The total lifespan is approximately equally divid-
ed between development (new egg to adulthood) and adult-
hood, with each of the developmental stages (egg, larva,
protonymph, and tritonymph) again being roughly equal in
duration. Just as a lobster must mold its hard external skeleton
in order to grow, so does each immature mite stage need to
shed its exoskeleton before passing onto the next stage
(Fig. 7). As will be discussed, these shed exoskeletons are
sources of chitin and additional mite allergen.

Respiration, Water Balance, and Temperature

As members of the suborder Astigmata (Blacking stigma^),
dust mites lack respiratory passages connecting their inner
tissues to openings on the mite’s surface. The small size of

dust mites results in minimal oxygen requirements and allows
gas exchange to occur directly through their outer cuticle.

Mites are critically dependent on ambient water vapor to
meet their water needs. A specialized gland, the supracoxal
gland, is present bilaterally between the side of the mouth and
the base of the first leg (Fig. 8). These glands concentrate
sodium and potassium chloride, which in turn osmotically
absorb water vapor from the ambient air. The humidity re-
quirements of dust mites have been extensively studied by
Arlian [11] and account for their global and local distribution
as well as their seasonal fluctuations. Dust mites proliferate
maximally at a relative humidity of 75%. Humidity levels
above 75% allow mites to maintain water equilibrium, but
favor competing mold growth. Humidity levels below the
75% optimum (but above the critical level of 50%) result in
a progressive decrease in feeding, reproduction, and allergen
production by dust mites [11]. At constant relative humidity
levels below 50%, the supracoxal glands are unable to main-
tain positive water balance, and adult dust mites will dehy-
drate and eventually die if the humidity remains below that
level. However, dust mites do survive and complete their life
cycle, albeit on a slower time scale, if humidity is adequate for
only part of the day [12], for example 20 h per day at 35%
relative humidity but 4 h per day at 75% relative humidity
[13]. Mites survive the dry winter months in temperate cli-
mates through the survival of a quiescent, immotile, and
desiccation-resistant nymph stage [14].

Metabolism, reproductive rate, and allergen production are
similarly affected by temperature, with higher temperatures
within the optimal range leading to greater proliferation, as
long as the relat ive humidity remains adequate.
Dermatophagoides farinae completes its egg-to-adult cycle
in 35 days at 23 °C (74 °F), but in only half that time at
30 °C (95 °F) [15]. Outside of that optimal range, temperature
extremes are lethal to dust mite eggs [16] and to mites [17].
Eighty percent of D. pteronyssinus eggs will hatch at 40 °C
(104 °F), whereas dry heat at 50 °C (122 °F) kills all eggs
within a few hours and dust mites within 20 min; exposure to

Fig. 2 D. pteronyssinusmite seen
under a electron microscopy and
b light microscopy. (Photos ©
Mission: Allergy, Inc. Used with
permission)

Fig. 3 Setae on D. pteronyssinus mite (arrows). (Photo © Mission:
Allergy, Inc. Used with permission)
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wet heat at 60 °C (140 °F) instantly kills eggs and rapidly kills
mites [18]. At the cold end of the temperature spectrum, typ-
ical refrigerator temperatures of 3 °C (37 °F) make dust mites
immotile but do not kill them. Dust mites die at home-freezer
temperatures of − 17 °C (0 °F) [19], but deep-freezer temper-
atures (− 70 °C) are required to kill their eggs [16].

Food, Digestion, and Excretion

The dust mite GI tract comprises a mouth with movable che-
licerae that allow the grasping and moving of food (Fig. 9a),
salivary glands, an esophagus, small and large intestines, and
an anal opening (Fig. 9b) [9]. The food of dust mites includes
the skin scales shed by warm-blooded animals, along with
fungi, bacteria, and yeast. Dust mites live in the wild in dog
dens and bird nests and in modern homes near humans and
pets, with increased numbers of dust mites found near humans
suffering from skin diseases that increase skin shedding [20,
21]. Dust mites can also share the dietary habits of their stor-
age mite relatives, and live on grain. Clues to these presumed
dietary preferences are present in their genus and species
names: Dermatophagoides = Bskin-eating^; pteronyssinus =
Bfeather-loving^ (or more precisely Bwing loving,^ as in
Pterodactyl); farinae = Bwheat.^

Importantly from the viewpoint of the atopic person, during
their lifetime mites produce approximately 1000 solid fecal

waste particles (Fig. 10a, b), each about 25 μ in diameter
and each surrounded by a peritrophic membrane [22] contain-
ing proteolytic digestive enzymes. From the dust mite’s view-
point, these digestive enzymes allow the dust mite, at least
under certain conditions of food availability, to benefit from
coprophagia, the ingestion of its own fecal particles. The en-
zymes in the peritrophic membrane allow additional digestion
of nutrients to occur extra-corporeally, with those nutrients
then becoming available for absorption by the mite when the
fecal particle is ingested several days after deposition. From
the atopic individual’s viewpoint, however, the peritrophic
membrane presents significant problems, to be discussed.

Distribution of Dust Mites and Mite Allergens

Geographic Distribution

Mites are ancient organisms that have evolved diverse life-
styles and diets and have colonized diverse environments.
There is evidence that the house dust mite suborder
Astigmata evolved from mites that had been parasites of
warm-blooded vertebrates, but regained the capacity to be free
living [23]. The major determinants of dust mite location in
the world are humidity [24] and temperature. Dust mites are
present in both hemispheres, excluding the Arctic and

Fig. 4 a Close-up of foot. b D.
pteronyssinuswalking on a pillow
fiber. (Photos ©Mission: Allergy,
Inc. Used with permission)

Fig. 5 Eggs seen under a an electron microscope (one hatched) and b a light microscope. (Photos © Mission: Allergy, Inc. Used with permission)
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Antarctic. They have been found in the homes of indigenous
people of Papua New Guinea, living in blankets brought in
from the modern world [25].

High altitude is generally not hospitable to dust mites, and
it is interesting to note that even before the discovery of dust
mites, sanitaria for asthma and other respiratory diseases were
often built at high attitudes, e.g., the Alps in Europe and
Denver, CO, in the USA. Dust mite growth [26, 27] and sen-
sitization [28] are much lower in the Alps than at sea level, the
apparent result of the lower indoor humidity at high altitude.
However, altitude per se is not crucial, the Bexception that
proves the rule^ being the occurrence of mites at high altitude
in the tropics, where humidity is high despite the altitude [29,
30]. A similar situation exists in the USA, where a study of
homes in the Rocky Mountains showed few or no dust mites,
the only exceptions being homes with unusually high indoor
humidity [31]. D. pteronyssinus and D. farinae are present
throughout most of the USA, with B. tropicalis and E. maynei
limited to the southern states [32].

Local and Seasonal Distribution

Within a given geographical region, dust mites vary in their
distribution among specific locations and in their seasonal

distribution. The highest mite numbers are found in private
homes, and there is an association between higher socioeco-
nomic levels and dust mite exposure, with highermite allergen
exposure correlated with higher education, higher household
income, and lower population density in a private home with
fewer people sharing a room [33]. Mite allergen levels are
higher in homes without air-conditioning than in homes with
it [34] and are higher in older homes [35]. Apartments in the
inner city are low in dust mites, with mouse and cockroach
allergens predominating [36].

Variable dust mite numbers are found in areas outside of
the home. US hospitals have no mites in the winter and very
few mites in the summer [37], presumably the result of air-
conditioning, uncarpeted floors, plastic-covered mattresses,
lack of fabric-upholstered furniture, and sanitary laundering.
Compared to homes, less mite allergen is found in public
places such as schools, trains, buses and pubs, exceptions
being day care centers [38] and the upholstered seats in movie
theaters [39]. University dormitory rooms have fewer mites
than homes, but still have significant numbers, particularly if
carpeted [40]. Most work environments have much less dust
mite allergen than do homes, with understandable exceptions
being workplaces performing textile recycling, feather-bed
filling, and carpet and upholstery cleaning [41]. In keeping

Fig. 6 a A larva next to an adult.
b A nymph next to an adult.
(Photos © Mission: Allergy, Inc.
Used with permission)

Fig. 7 Shed mite exoskeleton. (Photo ©Mission: Allergy, Inc. Used with
permission)

Fig. 8 Supracoxal glands (arrows). (Photo ©Mission: Allergy, Inc. Used
with permission)
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with their cosmopolitan nature, dust mites or mite allergens
have been found in submarines [42] and even in the space
station [43].

Varying with seasonal humidity, the highest dust mite num-
bers in the northern USA occur during the humid summer
months and the lowest numbers during the dry winter months
[44]. There is a corresponding seasonal variation in dust mite
allergen [45], with the seasonal drop in mite numbers preced-
ing the drop in allergen levels [46]. This seasonal variation can
be blunted by using air-conditioners and dehumidifiers to
keep relative humidity below 50% for all [47] or part of [48]
the day. Homes in arid desert environments have low levels of
dust mites and mite sensitization, except in homes using evap-
orative (swamp) coolers, which increase indoor humidity [49,
50].

Location in Substrates

On the level of particular substrates, dust mites and mite al-
lergen are found in objects that meet the mites’ requirement
for high humidity and low light. Within homes, the highest
mite numbers are found in the most heavily used upholstered
and carpeted areas of the living room and bedroom [44], with
high dust mite numbers and allergen levels in couches and
beds [51] being mirrored by high mite numbers in the floor
beneath them [52, 53]. Dust mites numbers [54] and allergen
levels [55] are high in mattresses, especially innerspring and

wool mattresses, with new mattresses accumulating clinically
significant levels of mite allergen with 4 months. Old mat-
tresses have the highest mite allergen levels [56], presumably
the result of many generations of dust mites having provided
accumulated allergenic waste. Pillows have long been consid-
ered an important site of dust mite growth and allergen expo-
sure, especially considering their proximity to the sleeper’s
airway, but the traditional advice to avoid feather pillows as
a source of feather-loving dust mites was upended when it was
found that much higher levels of dust mite allergen are recov-
erable from synthetic pillows than from feather pillows [57,
58]. The apparent paradox was resolved by the discovery that
the outer ticking on feather pillows, a tightly woven fabric
used to prevent feathers from poking through, was acting as
a barrier to dust mite entry and allergen escape [59]. Dust
mites inhabit blankets and comforters [60], but shun the dry-
ing heat of electric blankets [61]. Dust mites and their aller-
gens are extremely high in the sheepskin bedding used for
infants in Australia and New Zealand [62, 63]. Also particu-
larly problematic is the bottom level of a bunk bed, where the
occupant is exposed to allergen from both the top and bottom
mattresses [64]. Mattress bases (boxsprings) beneath the mat-
tress generally have more mites [65] and mite allergen [66]
than the mattress itself.

Dust mites and mite allergens are much greater on carpeted
than on smooth floors, with the height and type of the carpet
pile being of little importance [67]. Although some dust mites

Fig. 10 Fecal particles seen under
a a light microscope and b an
electron microscope. (Photo ©
Mission: Allergy, Inc. Used with
permission)

Fig. 9 aMouth with chelicerae. b
Anal opening. (Photo © Mission:
Allergy, Inc. Used with
permission)
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move temporarily to the surface of the carpet during the dark
of night, most dust mites reside deep within the carpet, and the
highest mite allergen levels occur closest to the carpet’s base
[67, 68].

Clothing is a major and underappreciated locus of dust mite
growth and mite allergen accumulation, with mite allergen
being highest in wool garments that have not been recently
cleaned [69]. Clothing also acts as a vector that disperses live
mites through the home [70]. Children’s stuffed toys harbor
dust mites, with one study finding mite allergen levels three
times as high as those in mattresses [71]. Just as dust mites eat
human dander and colonize human beds, so do they eat animal
dander [72] and colonize pet beds [73]. Similarly, dust mites
can colonize wheat products in the home for human consump-
tion [74] and also colonize stored pet food [75]. Mites have
been found in the upholstered seats of cars [76] and taxis [77].
As might be expected from the physiology of dust mites, there
is little mite allergen found on hard, wipeable surfaces such as
home walls [78, 79] or school desktops [80]. Where present,
mite allergen is long lasting, persisting for years unless steps
have been taken to remove it [81].

Personal Exposure to Mite Allergens

It is crucial to remember that from the viewpoint of the atopic
individual, what matters is not the mite allergen within a par-
ticular substrate, but rather the mite allergen that directly con-
tacts the epithelium of that person’s eyes, upper and lower
airways, skin, and gut. More than 80% of mite allergen is on
particles > 10 μ, and is undetectable in the air of undisturbed
rooms [82], becoming airborne only after the disturbance of
the soft substrates in which the allergen was produced.
Although the high dust mite allergen concentrations in beds
have led to the assumption that most exposure occurs while
asleep, recent data using personal allergen samplers attached
to a shoulder strap during the day and taped to the head of the
bed at night suggest that only 10% of airborne exposure oc-
curs in bed, with most occurring during daytime activities
[83]. Although sampling by a device attached to a headboard
may not replicate the inhalation of allergen through a nose in
direct contact with a pillow, such studies do serve to remind us
of the critical distinction between measured mite allergen con-
centrations in reservoirs and the individual’s actual end-organ
mite allergen exposure.

Atopic Sensitization to Dust Mites

Dust Mite Particles as Allergen Delivery Systems

Atopic sensitization, and the subsequent elicitation of symp-
toms, can occur by allergen contact with the conjunctivae,
skin, upper airway, lower airway, or gut. Regarding

inhalational exposure, Platts-Mills has made the important
point that under natural circumstances, people do not inhale
pure allergens; they inhale particles containing allergens [84].
In the case of house dust mites, the primary allergen-
containing particles are the fecal waste pellets. These 20–
25 μ particles are approximately the same size as pollen
grains, although as with pollen it is at times fragments rather
than the intact particles that are inhaled. The weight and size
of mite fecal particles are such that they become airborne
when the soft substrate in which they are present is dis-
turbed—for example by making a bed, moving one’s face
on a pillow, walking on or vacuuming a carpet, hugging a
stuffed toy, or putting on a sweater—and then settle to the
ground within 20–30 min [85]. Although particles containing
mite allergen are generally much larger, and therefore quicker
to settle, than particles carrying cat dander allergen, some dust
mite allergen is present on smaller particles [86], possibly
representing fragments of shed exoskeletons or of dead dust
mite bodies. It is also important to remember that it is not only
small particles that are respirable; large particles can also be
inhaled, although in smaller numbers. The relationship be-
tween mite allergen exposure and the development of sensiti-
zation is not linear, but rather is bell shaped, with less sensiti-
zation occurring at both very low and very high mite allergen
concentrations [87].

Routes of sensitization and symptom provocation need
not be the same, as demonstrated by allergy to peanuts
[88] and to mammalian meat [89], where sensitization
occurs via the skin but symptoms occur after oral expo-
sure. Skin sensitization can also lead to respiratory reac-
tivity; epicutaneous sensitization to ovalbumin in mice
induces not only an allergic dermatitis but also airway
eosinophilia and airway hyper-reactivity on subsequent
inhalation of that allergen [90]. Considering that many
airborne particles that settle in the nose and throat are
eventually swallowed, it is perhaps not surprising that
dust mite allergen is frequently detectable in the adult
human gut, where it potentially affects the intestinal epi-
thelium [91]. Although GI exposure is usually considered
to induce tolerance, it is not inconceivable that sensitivity
to Brespiratory^ allergens could be elicited in the gut.
House dust mite allergens are present in breast milk
[92], and children breast fed by a mother who has a
history of allergy or asthma, and who also has higher
than average levels of house dust mite allergen in her
breast milk, are more likely to become allergically sensi-
tized and to develop asthma or allergic rhinitis themselves
[93]. In mice, GI sensitivity to ovalbumin increases air-
way reactivity not only to ovalbumin but also to house
dust mite extract [94]. The situation may be even more
complicated, as illustrated by the finding of an associa-
tion between frequent vacuum cleaning and changes in
the gut microbiome [95].
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Dust Mite Allergens

Allergens from any organism are given standardized names by
aWHO/International Union of Immunological Societies com-
mittee based on the order of their discovery and their sequence
homology. That list, available at www.allergen.org, currently
shows 31 allergens for D. farinae, 20 allergens for D.
pteronyssinus, 14 allergens for B. tropicalis, and 5 allergens
for E. maynei, with recent additions having resulted from new
techniques of transcriptome and proteome analysis [96]. The
major allergens ofD. pteronyssinus are listed in Table 1, along
with their physiologic function and specific characteristics.
Der p1 and Der p2 have the highest rates of sensitization.
Dust mite allergens with proteolytic activity include Der p1,
a cysteine protease, and Der p3, p6 and p9, which are serine
proteases [97]. This proteolytic property has significant
consequences for allergic sensitization, as will be discussed
below. Der p2 is unusual in that it has sequence homology
with MD-2, which, when bound to lipopolysaccharide (LPS),
acts as the ligand binding to TLR-4, the pattern recognition
receptor for endotoxin [98]. Der p2 may therefore be acting as
an Bauto-adjuvant.^ Der p10 is tropomyosin, a muscle protein
present in other invertebrates [99] and responsible for the
cross-reactivity between dust mites and shrimp [100]. Der
p11, another muscle allergen, has the unusually high molecu-
lar weight of 100 kDa, has homology with the paramyosin
proteins found in invertebrates, is present in dust mite bodies
rather than feces, and is the significant dust mite allergen in
atopic dermatitis [101]. In contrast to humans, dogs with atop-
ic dermatitis are reactive primarily to Der p15, a chitinase, and
Der p18, a chitin-binding protein [102]. Der p23, a fairly re-
cently identified dust mite allergen, is a peritrophin from the
mite gut and is present in the outer membrane of mite feces.
Although IgE directed against it is common [103], it

represents only a relatively small percentage of the total anti-
dust mite IgE [104]. The most recently identified dust mite
allergen is Der f 24, discovered in 2015 after the sequencing
the D. farinae genome [105].

It is not simply the structure of an individual dust mite
protein that makes it allergenic, but rather the total effects of
all of the components of the allergenic particle acting on the
contacted epithelium. Dust mite particles contain two such
categories of active components, proteolytic enzymes and
pathogen-associated molecular patterns (PAMPS), which act
on protease-activated receptors (PARs) and pattern recogni-
tion receptors (PRRs), respectively [106]. As will be
discussed, these PRRs include TLR-2. TLR-4, TLR-9, C-
type lectin, and formyl peptide receptor.

Dust Mite Proteolytic Enzymes and Their Effects
on the Epithelium

Many allergens are, or occur in association with, enzymes.
Pollen grains contain proteolytic enzymes needed for the pol-
len tube of the germinating pollen to move through the stigma
and style of the female plant, allowing the gamete within the
pollen to reach the female plant’s ovary [107]. Molds digest
extracellularly by secreting enzymes that break down the sub-
strate on which they are growing [108]. And dust mites have
proteolytic digestive enzymes in the peritrophic membrane
surrounding their fecal particles, which allow extra-corporeal
digestion prior to coprophagy and which may also play a
protective role within the mite GI tract.

In addition to being allergens, the mite cysteine protease
Der p1 and serine proteases Der p3, p6, and p9 have direct
epithelial effects that are important in atopy. It was formerly
thought that the effect of proteases on epithelium was limited
to breaching the Btight junction^ between epithelial cells,

Table 1 Major allergens of D.
pteronyssinus Der p allergen Biologic function Allergic significance

p1 Cysteine protease Major allergen. PAR activator

p2 Lipid binding Major allergen. Homologous to MD-2,
the LPS-binding link to TLR4;
Bauto-adjuvant^

p3 Serine protease (trypsin) PAR activator

p4 Amylase

p5 Lipid binding

p6 Serine protease (chymotrypsin) PAR activator

p7 Lipid binding

p8 Glutathione transferase

p9 Serine protease (collagenase) PAR activator

p10 Muscle tropomyosin Responsible for shrimp cross-reactivity

P11 High molecular weight muscle paramyosin Major allergen in atopic dermatitis

p15,18 Chitinase; chitin-binding protein Major allergens in allergic dogs

p23 Peritrophin, chitin binding
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thereby allowing the allergens to reach allergen-presenting
dendritic cells [109]. However, it is now recognized that these
proteases have many additional consequences [110]. In atopic
dermatitis these effects include disrupting the skin barrier
[111]; activating PAR-2 (protease-activated-receptor-2) in epi-
dermal keratinocytes and dermal nerves, leading to a non-
histamine-mediated itch [112] (and thus explaining the poor
response of the pruritus of atopic dermatitis to antihistamines);
promoting inflammation by directly inducing cytokine release
[113]; and, again via PAR-2 activation, delaying healing and
recovery of epidermal permeability barrier function in barrier-
disrupted skin [114]. In atopic asthma, dust mite proteases
directly stimulate protease-activated receptors in the bronchial
epithelium of asthmatics [115], leading to cysteinyl leukotri-
ene mediated hypertrophy of bronchial smooth muscle [116].
There is a correlation between asthma severity, airway smooth
muscle enlargement, and the expression of PAR-2 and its li-
gands [117].

Mite proteases also play a role in eosinophilic chronic
rhinosinusitis (ECRS), where they overwhelm endogenous
protease inhibitors and drive Th-2 type inflammation even in
the absence IgE [118]. Dust mite proteolytic enzymes also
cleave receptors on B-cells, including the IL-2 receptor
CD25, thereby moving the balance away from Th1 and to-
wards Th2 [119], and the low affinity IgE receptor CD23,
thereby inhibiting a feedback loop that would otherwise limit
IgE synthesis [120]. Other effects of proteases include causing
the release of the proinflammatory cytokines IL-8, IL-6,
MCP-1, and GM-CSF from bronchial epithelial cells and
degrading lung surfactant proteins that would otherwise bind
inhaled allergens and prevent them from reaching IgE bound
to mast cells [121].

Dust Mite Activators of Innate Immune Response
Pattern Recognition Receptors

Multiple components in dust mite particles act as pathogen-
associated molecular patterns (PAMPS) that bind to pattern
recognition receptors (PRRs) on the epithelium and on antigen
presenting cells including dendritic cells. Even on initial ex-
posure, these PRRs recognize PAMPS as belonging to non-
self primitive organisms and can lead to a Th2 directed, IgE
producing immune response [122]. Known PAMPS in house
dust mite feces and bodies include chitin, mite DNA, bacterial
DNA, and endotoxin.

Chitin, present in insects, shellfish, fungi, and parasitic in-
testinal worms, is also present in dust mite exoskeletons and
activates the innate immune system via PRRs including TLR-
2 and C-type lectin [123], thereby inducing Th2 responses
[124]. Chitin, being absent in mammals, stimulates the pro-
duction of both the enzyme acidic mammalian chitinase
(AMC), which cleaves chitin, and of the chitinase-related pro-
tein YKL-40, which binds to but does not cleave chitin. AMC

and YKL-40 are high in asthmatics and correlate with its se-
verity [125]. By inactivating chitin, AMC minimizes the pul-
monary eosinophilia [126] and fibrosis [127] that would oth-
erwise be induced by chitin. In contrast, YLK-40 stimulates
bronchial smooth muscle proliferation and is involved in air-
way remodeling [128].

Mite and bacterial DNA are both unmethylated and thus act
as PAMPS activating TLR-9 [129]. Endotoxin (bacterial lipo-
polysaccharide, LPS) in mite feces, aided by the homology of
Der p2 to the LPS-binding portion of TLR-4, acts as a ligand
to TLR-4 receptors on pulmonary epithelial cells, resulting in
the release of epithelial-derived Th-2 promoting cytokines in-
cluding thymic stromal lymphopoietin (TSLP), IL-25 and IL-
33, and leading to airway inflammation and bronchial hyper-
reactivity [130]. Bacterial signal peptides [131] present in dust
mite extract act as PAMPS to activate the formyl peptide re-
ceptor (FPR) on the surface of human eosinophils [132]. In
addition, dust mites carry Gram-positive and Gram-negative
bacteria in their ownmicrobiome that induce IgE antibodies to
those bacteria, with such sensitization to bacterial antigens
being more frequent in dust mite sensitive than in dust mite
negative allergic patients [133].

Dust Mites as Facilitators of Polysensitization

The adjuvants in dust mites promote sensitization not only to
the allergens of the mites themselves but also to other potential
allergens. The ability of dust mite products to induce inflam-
mation and to promote Th2 polarization can lead to a cascade
of spreading sensitization to other allergens, thereby magnify-
ing the atopic state.

In mice, the proteolytic activity of Der p1 increases the IgE
response to injected ovalbumin (OVA) [134]. Intranasal expo-
sure to dust mite extract changes the usual tolerance to inhaled
OVA into a strong inflammatory response with eosinophilia,
bronchial hyper-reactivity, and Th2 cytokine production
[135]. House dust mite chitin also produces an increase in
OVA-induced airway inflammation [136].

Atopy is both an epithelial barrier disease and an immu-
nologic disease [137]. Dust mites can thus promote sensi-
tization to other allergens both by virtue of their proteases
disrupting epithelial barriers, whether in the skin, the air-
way or the gut, and by virtue of their adjuvants polarizing
dendritic cells towards Th2 responses [138, 139]. IgE an-
tibodies against a single antigen can potentiate the forma-
tion of IgE to other antigens via the effect of CD23 on
epithelium and B cells [140] and can augment IgE re-
sponses in general via upregulation of the high-affinity
receptor for IgE, FcεRI, on basophils and mast cells
[141]. With their multiple allergens, proteases, PAMPs,
and bacteria, house dust mites are likely playing a signifi-
cant role in the progression of the Batopic march.^
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Dust Mites and Atopic Diseases

In a sensitized person, mite allergens can provoke symptoms
by direct external contact (conjunctivitis, eczema), inhalation
(rhinitis, asthma, eczema), and ingestion (urticaria,
anaphylaxis).

Asthma

In patients with existing asthma and dust mite sensitivity,
bronchospasm and bronchial hyper-reactivity worsen on ex-
posure to mite allergen and lessen in a mite-allergen-free en-
vironment [142]. Symptoms in dust mite sensitive asthmatic
children [143], and abnormal pulmonary function and bron-
chial reactivity in mite-sensitive adult asthmatics [144], corre-
late with the mite allergen level in their home. Seasonal in-
creases in dust mite allergen exposure also lead to seasonal
increases in bronchial hyper-reactivity [145]. The combined
presence of mite sensitivity and mite exposure correlates with
severity of asthma symptoms [146], with increased exhaled
nitric oxide and bronchial hyper-reactivity [147], and with
acute exacerbations requiring hospital admission [148].
There is an additional synergism between sensitization, expo-
sure, and viral infection leading to acute wheezing [149] or
hospitalization [150, 151]. Beyond its bronchospastic effects,
the inhalation of dust mite allergen increases the deposition of
other inhaled particles while decreasing mucociliary clearance
[152], inhibits the bronchodilating effect of deep inhalation
[153], and induces the proliferation of asthmatic bronchial
smooth muscle [116]. Interestingly, some effects of mite ex-
posure are present in patients without skin test reactivity to
dust mite allergen. Increased bronchial hyper-reactivity corre-
lates with high mite allergen exposure even in non-mite-
sensitized asthmatics [154], and functional IgE against mite
allergens is present in the sputum of Bintrinsic^ asthmatics
(albeit with a lack of bronchoconstriction on inhalational chal-
lenge) [155].

In contrast to the clear ability of dust mite exposure to
exacerbate existing asthma, the evidence for the role of mite
exposure in the development of that multifactorial disease is
somewhat less clear [156]. A prospective UK study in 1990
showed that there was a relationship between high dust mite
allergen exposure in infancy and the likelihood of wheezing
11 years later [157]. A subsequent study in Australia demon-
strated a doubling of the risk of asthma in mite-sensitized
children with each doubling of mite allergen in their bed
[158], and a prospective US study of children with parental
atopy showed an association between exposure to high levels
of mite allergen in infancy and the development of asthma at
age 7 [159]. However, a different US study found no relation-
ship between mite allergen levels measured repeatedly during
the first 2 years of life and the presence of asthma or bronchial
hyper-reactivity at 6 or 7 years of age [160], and other studies

have also failed to find a relationship between early allergen
exposure and subsequent development of asthma, at least in
children without parental atopy [161–164]. Post-natal expo-
sure may be only part of the story, as suggested by a murine
model indicating increased airway reactivity to mite allergen
in offspring whose mothers were exposed to that allergen dur-
ing pregnancy [165].

Apart from the role of dust mite exposure, dust mite
sensitization is a risk factor for asthma. A study in Virginia,
where 80% of homes had elevated dust mite allergen levels,
showed that sensitization to dust mites was the primary risk
factor for asthma in adolescents [166]; another study showed
sensitization to dust mites (and other allergens) to be a risk
factor for asthma in adults [167]. The degree of sensitization,
as determined by allergen-specific IgE levels to mite and dan-
der allergens at 3 years of age, is a risk factor for wheezing,
decreased pulmonary function, and persistent wheezing at age
5 years [168], and for bronchial hyper-reactivity and de-
creased pulmonary function at 7 and at 13 years of age, re-
spectively [169]. Twomore-recent studies have shown that the
presence of skin test reactivity to dust mites in wheezy tod-
dlers increases the risk of persistent wheezing in later child-
hood [170, 171].

Rhinitis and Conjunctivitis

Nasal challenge with mite allergen produces obstruction and
rhinorrhea that correlate with mite skin test reactivity [172]. A
group of 108 patients evaluated for chronic rhinitis or chronic
rhinosinusitis comprised 39% with allergic rhinitis, 21% with
non-allergic rhinitis, and 40% with chronic rhinosinusitis (of
whom 40% were also allergic); 52% of the allergic rhinitis
patients and 65% of the chronic rhinosinusitis patients with
allergy were sensitized to house dust mites [173]. In keeping
with the unified airway concept, 92% of patients with mite-
sensitive asthma recruited for an allergen avoidance study also
had symptoms of allergic rhinitis [174]. Conversely, in two
studies of the effectiveness of sublingual immunotherapy, ap-
proximately 30 and 12% of dust mite sensitive allergic
rhinitics also had asthma [175, 176]. However, a murine study
suggests that the airway may not be totally Bunified,^ in that
the PAMPs triggering mite-induced allergic rhinitis and mite-
induced allergic asthma differ, the former being beta-glucans
acting via TLR2 and the latter lipopolysaccharides acting via
TLR4 [177].

There is little data on the occurrence of ocular symptoms in
association with allergic rhinitis, but one study of patients with
allergic rhinitis from various sources, including dust mites,
indicated that the majority also had ocular involvement in-
cluding pruritus, tearing, conjunctival injection, and eyelid
edema [178]. Even during asymptomatic periods, patients
with dust mite reactivity and a history of allergic rhinitis show
persistent inflammatory cell infiltrates of the nose and eyes
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[179]. Dust mite allergy can also cause vernal conjunctivitis,
with symptoms peaking in concert with elevated dust mite
levels during the humid months [180].

Atopic Dermatitis

The relationship between dust mites and atopic dermatitis was
first observed almost 30 years ago, when a correlation was
observed between the number of dust mites in the home and
the presence and severity of atopic dermatitis in patients [20,
181]. Such observations do not indicate the direction of cau-
sality, as the increase in mites could simply be the result of
increased patient desquamation providing additional food for
dust mites. However, the relationship is apparently bidirec-
tional, as patch testing with mite extract elicits eczematous
skin lesions in a majority of patients with atopic dermatitis,
particularly if their eczema is in an air-exposed distribution
[182], suggesting that aeroallergens can cause pathology by
direct skin contact. Sensitization to mites is frequent in atopic
dermatitis, with IgE to mite allergen found in 95% of patients
with atopic dermatitis, compared to 42% of asthmatics and
17% of controls [183]. Although dust mites are generally con-
sidered to live near people rather than on them, one study
using transparent adhesive tape sampling found at least one
house dust mite on the skin of 84% of pediatric atopic derma-
titis patients vs. 14% of controls [184].

The ability of mite proteases to decrease skin barrier func-
tion has already been discussed [111, 113, 114]. In addition, in
infants 3–12 months old with atopic dermat i t is ,
transepidermal water loss through uninvolved skin (a measure
of skin permeability) and sensitization to mites and other
aeroallergens correlate, suggesting that the increase in skin
permeability may increase the risk of sensitization to
aeroallergens, initiating a vicious cycle [185]. Even without
sensitization, mite extracts affect human keratinocytes, releas-
ing pro-inflammatory [186] and pro-Th2 [187] cytokines and
activating the innate immune system’s NLRP3 inflammasome
[188]. Chitin also initiates innate immune responses in
keratinocytes, being sensed by TLR2 and inducing chemokine
release and TLR4 expression [189]. Epicutaneous application
of house dust mite allergens induces expression of thymic
stromal lymphopoietin in nonlesional skin of atopic dermatitis
patients [190].

Systemic Allergy from Oral Ingestion

Atopic sensitivity to house dust mite allergens can lead to
symptoms following oral ingestion in two situations: the in-
gestion of invertebrates exhibiting cross-reactivity with mite
allergens, and the ingestion of foods contaminated with dust
mites.

Cross-reactivity has been reported among dust mites and
their fellow arthropods crustaceans (shrimp, crab, and lobster)

and insects (cockroach, grasshopper), as well as members of
the mollusk phylum (snails, clams, oysters, and squid), with
clinical symptoms ranging from oral allergy syndrome to se-
vere asthma and anaphylaxis [191]. The muscle protein tropo-
myosin, represented by Der p10 in dust mites, has been con-
sidered to be the Bpan-allergen^ responsible for these reac-
tions to invertebrates [99, 192], sharing sequence homology
with shrimp tropomyosin Pen a1, American cockroach tropo-
myosin Per a7, and lobster tropomyosin Hom a1 [193] (but
with vertebrate tropomyosin being non-allergenic). However,
there are reasons to believe that tropomyosin is not the only
relevant allergen, there being dust mite sensitive patients with
shrimp allergy but not snail allergy and with snail allergy but
not shrimp allergy [194]. Furthermore, a 20-kDa allergen
[195], and other allergens [196], have been identified in
shrimp- and house dust mite sensitive patients without IgE
to tropomyosin. There is also variability in the primary sensi-
tizer; symptomatic dust mite sensitive individuals who had
never eaten shellfish for religious reasons had IgE to shrimp
tropomyosin [197], while residents of Iceland with IgE to
shrimp who had never been exposed to dust mites had IgE
to mites [198]. In inner city populations, IgE to shrimp has a
greater correlation with exposure to cockroach than with ex-
posure to dust mites [199]. Of potential practical importance
are reports of reactivity to snails developing [200, 201], or
increasing from mild to life-threatening [202], following sub-
cutaneous dust mite immunotherapy. In contrast is a report
suggesting a decrease in shrimp allergy following high dose
sublingual mite immunotherapy [203]. Also noteworthy, par-
ticularly in view of the trend towards ethnic foods and new
dietary protein sources, is the report of severe anaphylaxis in
two mite-sensitive patients with rhinitis, asthma, and crusta-
cean allergy following their first ingestion of Bchapulines,^ a
Mexican dish of roasted grasshopper [204].

Systemic allergic symptoms can follow the inadvertent in-
gestion of dust mites themselves in the form of a food that has
been colonized with mites, the so-called oral mite anaphylax-
is. This was first reported in 1993, following the ingestion of a
beignet (a fried pastry) made from flour that had been contam-
inated with D. farinae [205]. Since then, there have been well
over 100 reports of systemic allergy from the ingestion of
mite-contaminated foods including pancakes [206], wheat
and corn flour [207, 208], and grits [209]. Cases are more
common in tropical or semitropical areas where the high hu-
midity facilitates dust mite growth in foodstuffs [210], but
have also been reported in the northeastern USA [211].
Cooking the food does not eliminate the problem, as group 2
mite allergens are relatively heat stabile [212]. Episodes have
occurred in children as well as adults [213], with symptoms
including urticaria, wheezing, anaphylaxis, and exercise-
induced anaphylaxis [214, 215]. For reasons that are unclear,
a large percentage of these patients also have sensitivity to
NSAIDs [210]. They generally do not have concomitant
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wheat allergy, and current guidelines suggest that patients pre-
senting with symptoms suggestive of IgE-mediated disease
following the ingestion grain flour products be tested for dust
mite reactivity, regardless of whether or not they have IgE to
wheat [216]. If the offending food substance is available, it
can be examined microscopically for the presence of live
mites, or sent for an assay of mite allergens. (A microscope
video-recording of contaminated pancake mix from a pub-
lished case is available online [217].) Mite colonization of
the offending foods appears to have occurred in the home, in
packages that had been left open at room temperature for
prolonged periods [74, 211], rather than during manufacturing
[205, 208]. It is therefore prudent for mite-sensitive patients to
store any opened packages of pancake mix, grains, or flour in
a refrigerator, where mites are unable to reproduce, rather than
in a cupboard.

The role, if any, played by the ingestion of dust mite aller-
gen in eosinophilic esophagitis [218, 219] or inflammatory
bowel disease [91, 220] is currently unclear.

Specific Treatments for Mite-Related Diseases

Although a detailed discussion of the treatment of allergic
diseases caused by exposure to dust mites is beyond the scope
of this review, it can be briefly mentioned that in addition to
the non-specific pharmacologic treatments available for all
atopic diseases, those cases in which dust mite allergy is
playing a major role may be specifically treated with mite
allergen avoidance measures and/or with subcutaneous or sub-
lingual immunotherapy. The steps involved in the preparation
of mite allergen extracts for immunotherapy include culturing,
harvesting, inactivation, drying, purification, fractionation,
characterization, and standardization, all of which have re-
cently been reviewed by experts involved in these commercial
processes [221]. Appropriate home environmental interven-
tions for house dust mites have also recently been
reviewed [216, 222] and include encasing mattresses and pil-
lows; frequent washing of bedding and clothing; removing
carpeting, upholstered furniture, drapes, and other habitats
for dust mites; and dehumidification.

Conclusion

Apart from their interest as biological organisms, house dust
mites open a window into atopy in general. As an allergen of
unsurpassed importance, they have major lessons to teach us
about allergenicity, proteases, adjuvants, PAMPs, chitin, and
the immunologic role of the epithelium. An understanding of
their biology and physiology is necessary to make sense of
allergen avoidance studies, and they are a portal to an under-
standing not only of allergic rhinoconjuctivitis, allergic

asthma, atopic dermatitis, and food allergy but also of the
atopic march and the nature of atopy itself.
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