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Mite Allergens and Asthma

Dust mites of the class Arachnida are found in dwellings world-
wide. In 1964, Voorhorst et al. discovered that mites of the genus
Dermatophagoides (family Pyroglyphidae) are the major source of aller-
gen in house dust (1). In vitro culture of Dermatophagoides spp and the
subsequent development of mite extracts for skin testing have resulted
in the recognition that sensitization to Dermatophagoides spp is a major
risk factor for asthma (2). Inmunochemical studies have identified and
sequenced 10 groups of allergens from Dermatophagoides spp to date (3)
and monoclonal antibodies (MAbs) have been produced to several of
these, enabling accurate quantification of mite allergen exposure by
enzyme-linked immunosorbant assay (ELISA) (4,5). Many epidemio-
logical studies have used these techniques to measure sensitization and
exposure to Dermatophagoides spp, resulting in the proposal of thresh-
old levels of mite allergen exposure that carry a risk for sensitization
and for exacerbations of asthma (2).

Other pyroglyphid mites, (i.e., Euroglyphus maynei) are less well-
studied, as they grow poorly in culture, and standardized extracts for
skin testing are not readily available, nor are MAbs for quantification
of allergen exposure. The prevalence of such mites can only be mea-
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Table 1
Taxonomy of the genus Blomia (6,7)

Species Description
Blomia freemani Hughes, 1948
Blomia khaliovae Zachvatkin, 1949
Blomia kulagini® Zachvatkin, 1936
Blomia thori Zachvatkin, 1936
Blomia tjibodas” Oudesman, 1910
Blomia tropicalis® Bronswijk, 1974

“Found in house dust.

sured by mite counting; consequently their allergenicity and role in the
etiology of asthma is not well-defined.

Evidence supporting the role of pyroglyphid mites in the etiology
of asthma has been reviewed elsewhere (2). We propose to review the
role of storage mites in occupational and nonoccupational asthma, and
use the mites Blomia tropicalis and Dermatophagoides pteronyssinus to
illustrate the techniques utilized to explore the antigenic relationships
between mite species. These have important implications for allergy
diagnosis and therapeutics and also for epidemiological studies on the
role of mite allergens in the etiology of asthma.

Phylogenetic Relationships of Mite Species

Mites form part of the class Arachnida and as such are phyloge-
netically more closely linked to spiders than to insects. They belong to
the astigmata group of the subclass Acari. The group astigmata
comprises 69 families of mites. Those found in house dust include
the Pyroglyphidae (Dermatophagoides pteronyssinus, Dermatophagoides
farinae, Euroglyphus maynei), which have adapted to live in human
houses and feed from human skin scales (house dust mites); Glycy-
phagidae (Glycyphagus domesticus, Glycyphagus destructor, Lepidoglyphus
destructor, and Blomia tropicalis); Acaridae (Acarus siro, Tyrophagus
putrescentiae); and Chortoglyphidae (Chortoglyphus spp), which have all
adapted to feed on stored grains and grain products (storage mites). Of
the six species assigned to the genus Blomia (Table 1), only three have
been found in house dust (6,7); of these, Blomia tropicalis has been
studied in most detail.

Barn Allergy

Storage mites of the families Glycyphagidae and Acaridae feed on
grain and flour and are found in stables, barns, and mills. In 1925, Storm
van Leeuwen recognized that the frequent and severe asthma suffered
by Dutch farmers was as a result of allergy to storage mites (8). In 1979,
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Cuthbert et al. coined the term “Barn Allergy” to describe the asthma
that they found in farmworkers who were sensitized to storage mites
and occupationally exposed to mites (principally T. putrescentiae) found
in barns on the Orkney Islands, UK (9). In that study, storage mites
were also identified in some damp homes. Since then, many other stud-
ies have confirmed storage mites as an occupational cause of sensitiza-
tion and asthma using skin test, RAST, and bronchial challenge studies
(10-13). The term “domestic mites” is now used to describe pyro-
glyphid and nonpyroglyphid mite species that are found in homes and
that induce IgE antibody responses (2). In tropical and subtropical
areas, storage mites, especially B. tropicalis, have also been found in
homes and often form a significant part of the acarofauna.

Storage Mites as a Cause of “Nonoccupational” Asthma

The role of storage mites in causing asthma in the home is now
being studied. However, even in homes with high levels of storage
mites, pyroglyphid mites tend to coexist and be numerically dominant.
As a result, patients exposed to mites at home are often sensitized to
more than one mite species. It is unclear whether this occurs because of
recognition by IgE of crossreactive allergens between the different mite
species or because of sensitization to species-specific allergens. This has
important implications for diagnosis and therapeutics in populations
exposed to multiple mite species.

Domestic Exposure to B. tropicalis

B. tropicalis has been identified in house dust samples from several
parts of the world, especially Latin America, where B. tropicalis is often
the most prevalent mite in house dust along with D. pteronyssinus. The
presence of B. tropicalis is detected either by mite counting, using light
microscopy, or, more recently, by RAST inhibition, using pooled sera
from B. tropicalis allergic patients or by fluorescent immunosorbent tests
(14). In 1972, van Bronswijk described B. tropicalis in Surinam, Indone-
sia, Phillipines, Taiwan, Burma, and India (6). This species has also been
identified in homes in Japan (15), Nigeria (16), Spain (17), Barbados (18),
Hong Kong (19), and other countries. B. tropicalis was first identified in
Colombia in 1977 (20), and recent studies in Cartagena identified
B. tropicalis in 96% of floor and mattress samples. Studies also found
that it accounted for 40.1% of total mites, whereas D. pteronyssinus was
found in 90% of floor and mattress samples and accounted for 35.7% of
total mites (14). B. tropicalis is the most numerous nonpyroglyphid mite
in homes in Caracas, Venezuela (21) and is an abundant species in
Costa Rica (22) and Guatemala (23). Studies in Sao Paulo, Brazil found
B. tropicalis in 100% of homes sampled, comprising nearly 80% of the
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Fig. 1. Distribution of Blomia tropicalis.

total mites recovered (24). In Florida, B. tropicalis was present in 30%
of samples from homes of mite-sensitized patients, although it was
rarely the numerically dominant mite (25). With D. pteronyssinus, D.
farinae, and E. maynei, B. tropicalis is one of the four most important
domestic mites in the United States. It has also been identified in New
Orleans, LA and San Diego, CA (26). Clearly this mite is prevalent in
homes in many areas of the world, especially South America (Fig. 1).
Domestic dwellings in the United Kingdom and Europe do not con-
tain B. tropicalis, with the exception of a few areas in Spain (e.g.,
Tenerife).

Clinical Studies of Blomia tropicalis

In Sao Paulo, Brazil, skin test studies have suggested that the pro-
portion of asthmatic and/or rhinitic adults with a positive skin test to
B. tropicalis is similar to that for D. pteronyssinus (27). In asthmatic chil-
dren there, a raised serum specific IgE level to B. tropicalis was found in
55-80% of cases and to D. pteronyssinus in 95% of cases; the levels to D.
pteronyssinus tend to be higher (28,29). In Cartagena, Colombia, 86% of
subjects with a positive skin prick test to Dermatophagoides spp had a
positive RAST to B. tropicalis (30). A study of the prevalence of sensiti-
zation to six mite species among asthmatic adults and children in five
Latin American countries found that sensitization to B. tropicalis ranged
from 46% in Mexico City to 94% in Sao Paulo (31).

These studies suggest that in areas where B. tropicalis forms part of
the acarofauna, a significant proportion of mite allergic asthmatics have
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a positive skin prick test to B. tropicalis. This may be owing to the pro-
duction of specific IgE antibodies to B. tropicalis allergens or due to IgE
antibodies that are directed against allergens of Dermatophagoides spp.
These may crossreact with B. tropicalis allergens because of their struc-
tural homology.

A study of the prevalence of skin test reactivity to B. tropicalis, D.
pteronyssinus, and D. farinae among a population of 167 patients in
Tampa, FL, presenting for evaluation of upper and lower respiratory
complaints, found that 67% had a positive reaction to at least one mite,
and 38% to B. tropicalis (32). Of these, 34% were positive to all three
mites, 2% were positive to both B. tropicalis and D. pteronyssinus, and
only 2% of the population studied had a positive reaction to B. tropicalis
alone, a rate similar to that for D. farinae alone and D. pteronyssinus alone
(2 and 4%, respectively). This study identified a small population sensi-
tized to B. tropicalis alone, suggesting that B. tropicalis has some species-
specific allergens.

Allergenic Relationships Between B. tropicalis
and Dermatophagoides spp

Crossed-radioimmunoelectrophoresis and immunoblotting stud-
ies have shown that B. tropicalis contains 27 antigens, 7 of which are
allergens. Heterologous crossed immunoelectrophoresis (CIE) studies
identified two crossreactive allergens between B. tropicalis and D.
pteronyssinus and two crossreactive allergens between D. farinae and B.
tropicalis (33-37), the binding of which was weak in comparison to the
binding in homologous CIE studies. This suggests limited structural
homology and few crossreactive epitopes between the allergens. These
results suggest that B. tropicalis produces multiple major allergens and
that a minority of these allergens are able to crossreact with human IgE
produced to other domestic mites (i.e., that most B. tropicalis allergens
are species-specific).

Arruda et al. have performed immunoabsorption studies using
sera from Brazilian children with a known high RAST to B. tropicalis
and to D. pteronyssinus (28). By absorbing the sera with whole body
extract of D. pteronyssinus, they were able to remove only 36% of the
IgE to B. tropicalis as measured by RAST. Similarly, only 32% of the IgE
to D. pteronyssinus was removed by absorbing the sera with extract of
B. tropicalis. These results suggest that approx 70% of the IgE to both D.
pteronyssinus and to B. tropicalis is made to species-specific allergens.
MAb-based assays were used to measure Der p 1, Der f 1, and Der p 2 in
B. tropicalis extract (both mite body and whole-culture), and found lev-
els of <50 ng/mL (28), suggesting that allergens other than those of
Group 1 and 2 contain the crossreactive epitopes.
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Identification and Cloning of B. tropicalis Allergens

In vivo studies of crossreactivity have been carried out in the
United Kingdom, where B. tropicalis does not form part of the acaro-
fauna (38). In a population of asthmatics and rhinitics with known
sensitization to D. pteronyssinus but previously unexposed to B.
tropicalis, 60% showed a positive reaction on intradermal skin testing
with B. tropicalis extract. A B. tropicalis allergen has recently been iden-
tified using cDNA cloning techniques and produced in recombinant
form in E. coli. This allergen shows 40% amino acid sequence homology
with Der p 5 and has been designated Blo t 5, in accordance with WHO/
IUIS allergen nomenclature (39). Among patients from Brazil who were
both sensitized and exposed to B. tropicalis, 70% gave a positive skin
test reaction to rBlo t 5, showing that this recombinant protein has
strong reactivity with IgE antibody in vivo (40). However when we
skin-tested the UK patients who were sensitized, but not exposed, they
all failed to react to intradermal skin testing with rBlo t 5 at concentra-
tions of 5 pg/mL. Forty percent had a positive reaction on intradermal
testing with rDer p 5 (38). By antigen binding RIA, serum IgE antibody
to Der p 5 (41) and to Blo t 5 was detected in 21 and 0% of cases, respec-
tively (42). Serum IgE antibodies to Blo t 5 were detected in 20% of sera
from patients from Poole, UK and from Charlottesville, Virginia (unex-
posed populations); however, the levels of IgE ab measured were very
much lower than those found in the serum of patients from Brazil,
Puerto Rico, and Florida, where 45% of patients react to Blo t 5 (43). Our
results suggest that Blo t 5 is a major allergen in areas where patients
are exposed to B. tropicalis. Although there is 40% sequence homology
with Der p 5, patients exposed to D. pteronyssinus, but not to B. tropicalis,
generally do not make IgE antibody to Blo t 5. This suggests that other
allergens are responsible for the crossreactivity seen when patients are
skin tested with D. pteronyssinus or Blomia extracts. Several other B.
tropicalis allergens have recently been identified by immunochemical
or cDNA cloning techniques (Table 2) (40,44-46). Most of these are
small proteins (10-20 kDa), and one cDNA clone (bt 8) is a troponin.
Expression of these Blomia allergens in Dermatophagoides spp has not
yet been investigated. Using PCR and nucleic acid hybridization tech-
niques, it will be possible to establish which of the Blomia allergens
are expressed by D. pteronyssinus and to determine the degree of struc-
tural homology between them by DNA sequencing. Another approach
would be to use sera from D. pteronyssinus sensitized patients to screen
a B. tropicalis cDNA expression library and pick out antigenically (IgE)
crossreactive allergens. We have attempted this approach using sera
from mite-sensitive patients living in Manchester, UK. However,
although these patients showed crossreactivity to skin testing, their

Clinical Reviews in Allergy and Immunology Volume 15, 1997



Mite Allergens 467

Table 2
Immunochemical Characteristics of B. tropicalis Allergens
Prevalence
Allergen of IgE Ab Function Mol wt Sequence
Blot5(37) 45-69% Unknown 14 kDa cDNA
bt 8 (37) 50% Troponin-C 18 kDa cDNA
“14”kDa (44) 50% Unknown 14 kDa Protein
Bt 11a (41) 50% Unknown 16.3 kDa cDNA
Btl (41) 47% Unknown 11-13 kDa cDNA
Bt 6 (41) 10% Fatty acid 14.8 kDa cDNA
binding protein
Bt-M (42) 47% unknown, 78% 8.4 kDa cDNA
homology to Blo t 5
C-terminus

serum IgE antibody to B. tropicalis by RAST was low, and we were un-
able to obtain any positive clones.

Unlike D. pteronyssinus, commercial extracts of B. tropicalis are not
available. Our results with Blo t 5 suggest that by using cloned aller-
gens, it will be possible to develop suitable diagnostic reagents for dem-
onstrating IgE responses to Blomia. Thus, using a cocktail of Blo t 5, bt 8
and other recombinant allergens for skin testing would circumvent the
need for using whole mite extract. The diagnostic potential of recombi-
nant allergens is currently being investigated.

Conclusions

Asthma can occur as a result of allergy to both house dust mites and
to storage mites. Many people worldwide are exposed to more than one
mite species in the domestic environment. The most common domestic
mites are D. pteronyssinus, D. farinae, E. maynei, and B. tropicalis; other
storage mites are found in homes much less frequently, even in tropical
climates. Because of the ready availability of allergen extracts for skin
testing and immunotherapy, patients with respiratory symptoms are
generally evaluated for sensitization to D. pteronyssinus and D. farinae
only. The evidence reviewed here suggests, however, that, although there
are crossreactive allergens between many mite species, most species have
specific allergens that can be an important cause of IgE responses. There-
fore, the role of B. tropicalis and E. maynei in the etiology of asthma merits
further investigation. Identification of species-specific and crossreactive
allergens and production of recombinant allergens would be useful tools
in allergy practice. By skin-testing patients, physicians would then be
able to evaluate whether patients recognize crossreactive allergens or
species-specific allergens and whether or not there is a need for immuno-
therapy to more than one mite species.
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