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Introduction

Dermatophagoides pteronyssinus and D. faringe are the
most common house dust mites and, certainly, are among
the most common sources of indoor allergens worldwide [1].
Exposure to mite allergens in many regions of the world is
constant and, in many places, levels regularly exceed 10 pg

of Der p 1 per gram of dust, a threshold level that has been
proposed for sensitization and the development of clinical
symptoms of asthma [1]. A list of purified mite allergens is
shown in Table 1. The overall treatment of these patients
focuses primarily on education, the reduction of allergen
exposure, pharmacotherapy to reduce allergic inflammation
and bronchoconstriction, and immunotherapy. Patients who
are exposed to large quantities of mite allergens may experi-
ence a progressive deterioration in PD, FEV, (provocative
dose required to produce a 20% reduction in 1 second of
forced expiratory volume), in spite of the consumption of
inhaled glucocorticosteroids. This fact is consistent with a
chronic inflammatory and remodeling process of the lungs,
as has been suggested for several animal models, including
rhesus monkeys [2], sheep [3], and mice [4]. It has been sug-
gested that continuous exposure to mites is an important
risk factor for the development of sensitization, allergic
respiratory diseases, and chronic inflammation of the lungs
[5]. There is good evidence that sensitization to house dust
mites is a major independent risk factor for asthma in all
areas where the climate is conducive to support mite popu-
lation growth [6]. It has been demonstrated that there is a
significant dose-response relationship between exposure to
mite allergens and subsequent sensitization [7]. A recent
study has suggested that exposure to house dust mite anti-
even in subjects
with low eosinophil airway infiltration, thus supporting
the idea that epithelial damage in asthmartics sensitized to
Dermatophagoides may be due to proteolytic activity of the
mite allergens [8].

Sensitivity and exposure to high levels of mite allergens
is an important risk factor for developing and maintaining
bronchial hyperreactivity [9,10]. A pronounced improvement
in nonspecific airway responsiveness has also been shown
after allergen avoidance, suggesting a reduction in airway
inflammation following avoidance of aercallergens [11,12].
However, in light of recent publications that have shown
pessimistic results using environmental control measures
[13], immunotherapy with mite extracts has emerged as a
solid treatment of mite-induced allergic respiratory diseases.

gen can induce airway epithelial sheddin

Clinical Efficacy of Mite Immunotherapy

Immunotherapy, when introduced in the early phase of
an allergic respiratory disease, before irreversible second-
ary changes occur, may influence the progression of the
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Table 1. Li

disease [14]. The clinical efficacy of immunotherapy is
dose-dependent, and once the maximum dose is reached,
The optimal dose to reach the highest clinical efficacy
is not completely established, and, therefore, the highest
tolerated dose is recommended. Effective doses contain-
ing between 0.5 and 11 pg of Der p 1/mL have been
suggested [14]. Immunotherapy with mite extracts has
demonstrated clinical benefits in several double-blind,
placebo-controlled trials that are included in reviews of
subcutaneous immunotherapy (SCIT) [15-17] that were
conducted in pediatric and adult patients with rhino-
conjunctivitis and/or asthma. Most successful studies of
mite immunotherapy have used alum adsorbed [18-21] or
chemically modified mite-allergen extracts [22,23e¢], The
efficacy of SCIT has also been demonstrated in patients
with atopic dermatitis [24¢], although more double-blind,
placebo-controlled studies are needed.

Studies using sublingual immunotherapy (SLIT), com-
piled in another review, fall short of statistic significance
on symptom and medication scores, probably as a result

of the low number of subjects included [25]. However,
more recently, several studies have also shown efficacy
using SLIT in pediatric and adult patients with asthma
and/or rhinitis [26-30]. SLIT has been shown to reduce
nasal symptoms and drug consumption in several of
these studies. It has also produced a significant clinical
improvement in the treatment of perennial conjunctivitis
[31]. However, and considering that compliance is a key
factor related to effectiveness, the extrapolation of the
results from clinical trials to clinical practice should be
done in a cautious fashion.

In addition to defining the optimal dose of allergen per
mL, and the mite species to include in the vaccine, another
important issue that remains to be established is the onset
of efficacy of allergen immunotherapy. Some studics using
mite allergen extracts have shown that the efficacy occurs
after a few months of treatment [32-34], achieving a
more rapid improvement when a cluster schedule is used
(18]. Ferrer et al. [32] demonstrated a significant differ-
ence in the PD, FEV, of native extract of D. pteronyssinus
(P = 0.0029) in a group of patients after 6 months of treat-
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ment with a modified vaccine containing a combination of
D. pteronyssinus and D. farinae. At the end of this study,
10 patients in the immunotherapy-treated group versus one
in the control group needed more than twice the amount
of allergen than at baseline to reach PD, FEV, (P = 0.03).
Symptom and medication scores and visual scale improved
after 3 and 6 months of treatment only in the active group. A
significant decrease in skin-test reactivity was also detected
in the active group after 6 months, which needed a median
of three times more allergen to elicit the same reaction as
histamine (10 HEP) (P = 0.028), whereas no changes were
found in the control group. No serious side reactions were
reported. Recently, Ibero and Castillo [33] demonstrated
that there was a significant difference in the PC, FEV,
(P < 0.01) after 4 months of treatment in the active group.
The mean allergen quantity needed was 26 g at baseline
versus 309 ug after 4 months (a 12.8-fold increase). There
was no difference in the control group (5§ pg at baseline
vs 8 (g at the end). A significant reduction in the number
of cases with dual bronchial response was observed in
the treated group (P < 0.05). The group of active treated
patients also experienced a significant improvement in skin
reactivity and symptom and medication scores. Bahceciler
et al. [30] evaluated the clinical outcome and changes in
allergen-specific antibodies during SLIT containing D.
pteronyssinus and D. faringe. In two groups of asthmatic
patients, group I received immunotherapy for 6 months
and group II for 12. Drug consumption, total eosinophil
count, and specific immunoglobulin E (IgE) decreased sig-
nificantly in both groups, whereas respiratory symptoms
improved significantly in group 11.

Hung et al. [35] demonstrated that exhaled nitric oxide
levels fall significantly after 4 months of treatment. Peak
expiratory flow rates increased significantly, and asthma
symptom scores decreased after 5 months of treatment.
A study by Gardner et al. [36] demonstrated that after 9
months of treatment, all immunotherapy-treated patients
had reduced symptom scores and late-phase cutaneous
responses to D. pteronyssinus compared with baseline
levels. The proportions of CD4+ T cells, which were inter-
leukin (I1.)-10* increased (P < 0.01), and the proportions
of CD4+ and CD8* T cells, which were IL-4* decreased
(P < 0.05), as compared with baseline. It seems that clini-
cally effective SCIT with a standardized D. pieronyssinus
preparation results in decreased numbers of IL-4* T cells
and expansion of CD4*1L-10* T cells. These findings are
consistent with the induction by immunotherapy of T-
regulatory cells. Similar results have been obtained with
mite SLIT [26,37,38]. Topical nasal immunotherapy with
mites has also shown efficacy in several studies [39,40].

Overall, the most recent version of a systematic review
on allergen immunotherapy by Abramson et al. [41] dis-
closed that the number needed to treat for the improvement
of asthma symptoms using mite immunotherapy is six, con-
cluding that this number is quite small and that it favorably
compares with other preventive treatments for asthma.

Safety of Mite Immunotherapy

The safety of immunotherapy has been investigated in sev-
eral prospective studies. Gastaminza et al. [42] provided
data from 1212 patients in which SIT with unmodified
standardized allergen extracts adsorbed to alum was
administered in a single immunotherapy unit. These
patients, diagnosed with respiratory allergies, or hyme-
noptera venom anaphylaxis, received a total of 29,754
injections. Seventy-nine systemic reactions (0.27% per
injection) occurred in 2.9% of the patients receiving mite
extracts, 7.5% of patients with pollen extracts, and 6.7%
in the case of hymenoptera venoms. A multicenter study
by Moreno et al. {43] evaluated 488 patients treated with
biclogically standardized allergen extracts for respiratory
allergies. The total number of injections administered
was 17,526, and the number of systemic rcactions was 50
(0.29% of the injections): 30 of grade 2 and 21 of grade 3.
In this study, the investigators detected more systemic reac-
tions in patients receiving mite extracts. Winther et al. [44]
evaluated the side-effects of SIT of a single manufacturer
in a multicenter study involving 1038 patients treated with
extracts of mite, pollen, dog, or cat, or with wasp and bee
venoms. The total number of injections was 23,047; 582
side-effects were reported in 341 patients {2.52% of the
injections). Seventy-eight per cent of these reactions were
of grade 2, 20% of grade 3, and 1% (8 reactions) of grade
4, Grass had the lowest frequency of patients reaching the
maintenance dose without side-effects, followed by cat and
D. preronyssinus. Asthma was observed as a side effect with
all allergens, but was significantly more frequent in patients
undergoing immunotherapy with cat and D. pteronyssi-
nus. Tabar et al. [45] analyzed 419 paticnts and observed
that 4.8 % of the patients experienced a systemic reaction
(0.37% of the injections), mainly patients with asthma and
those sensitized to D. pteromyssinus. In another study, 239
patients were evaluated in a double-blind, placebo-con-
trolled study using an allergen extract of D. preronyssinus
from a single manufacturer that was administered using
two types of build-up phases {conventional and cluster)
[18]. During the incremental phase, there were 19 adverse
reactions in 15 patients receiving the allergen extract;
cight reactions (0.22% per injection) were systemic. All
reactions were grade 2. During the maintenance phase,
nine delayed adverse reactions (0.45% per injection) were
reported in eight patients. Two reactions were local, and
seven were systemic (1 with nonspecific symptoms, and
6 with asthma). As a consequence, the dose schedule for
these patients was modified. Machin et al. [46] evaluated
the safety of immunotherapy in 339 patients (5108 doses),
treated in an immunotherapy unit, and obscrved that 0.8%
of the administered doses elicited any kind of adverse
reaction, of which only 0.4% were systemic—14.2% of
the individuals receiving cat immunotherapy, 7.8% of the
individuals receiving hymenoptera venom, 6.3% of the
individuals receiving pollen immunotherapy, and 2.7%
of the individuals receiving mite immunotherapy expe-
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rienced an adverse reaction. The safety of an ultra-rush
immunotherapy build-up schedule with therapeutic vac-
cines containing allergen extracts has also been evaluated
[472]. One thousand and sixty-eight patients with rhino-
conjunctivitis and/or asthma sensitized to mites and/or
pollen were included in a prospective observational study.
Patients received a therapeutic vaccine containing modified
extracts {mites and/or pollens) adsorbed onto alum. The
schedule of administration consisted of injecting 0.2 and
0.3 mL of the vial of maximum concentration during the
first day of immunotherapy, separated by a time interval
of 30 minutes. All patients reached the maximum dose
(0.5 mL) after two injections. Tolerance was assessed by
recording all side reactions related to immunotherapy and
classified accordingly. The total number of injections was
2136. All patients reached the maximum cstablished dosc
on the first day. No premedication was used. Seven clini-
cally relevant local reactions were recorded {4 in mites, and
3 in pollens). The systemic reactions were five of grade 1 (1
with Lepidoglyphus destructor, 4 with pollens) and three
delayed grade-2 reactions, all with pollens.

A comparative study of tolerance between unmodified
and high doses of chemically modified allergen vaccines
of D. pteromyssinus has also been conducted [48]. All
extracts belonged to the same manufacturer, and, there-
fore, extrapolation to other manufacturers is difficuls.
The study was double-blind, parallel, and included two
patient groups. Twenty-three patients were treated weekly
during nine visits for the build-up phase, followed by two
maintenance doses weekly (a total of 11 injections per
patient). Eleven patients received immunotherapy with the
standardized modified vaccine and 12 with the unmodi-
fied vaccine (adsorbed onto alum). In both groups, all
immediate local reactions were not clinically relevant.
Patients treated with the unmodified extract at a concen-
tration of 70 ug of freeze-dried material/mL experienced
42 local immediate and 24 delayed reactions (1 of them
had a diameter »10 cm), whereas patients treated with
the modified extract, at a concentration of 990 pug/ml. of
freeze-dried material, experienced 30 local immediate and
21 delayed reactions (2 of them had a diamecter > 10 cm).
Four systemic reactions in two patients, one immediate
of grade 1 and three delayed of grade 2, were reported in
the group treated with native extract, and one delayed of
grade 2 in the group treated with the modified prepara-
tion. No systemic reactions of grade 3 or 4 were noted.

A recent revision of published studies concerning
safety of sublingual-swallow immunotherapy using low-
and high-allergen doses included seven papers of mite
immunotherapy. In general, a good safety profile, cven
with high-allergen doses, was reported [49]. The safety
of SLIT with mites in children younger than age 5 shows
no differences when compared with other allergens [50],
although more studies in children are clearly needed. The
safety of SLIT with modified mite allergens has been dem-
onstrated in an ultrarush schedule [51].

Based on all these results, it can be concluded that
mite immunotherapy is no more dangerous, or safer, than
immunotherapy with grasses, epithelia, or animal epi-
thelia. It seems that modified allergen extracts arc safer,
although more studies are needed.

Clinical Significance of Sensitization to
Storage Mitcs

Few studies have analyzed the clinical significance of sensi-
tization to storage mites using provocation tests. However,
most of these studies confirm the etiologic role and clini-
cal implication of L. destructor in occupationally exposed
patients. Although more studies are clearly needed, sensitiza-
tion to T. putrescentiae also seems to be relevant in some
sensitized individuals, including those who are not occupa-
tionally exposed. Blomia tropicalis is also a very common
mite present in the home environment in many homes in
subtropical and tropical regions of the world. The preva-
lence of sensitization to B. tropicalis has been the subject of
many studies in different geographic regions, and there are
several reports of nasal and bronchial provocation studies
using B. tropicalis extracts, especially in areas where this
mite is abundant [52,53]. These studies clearly show that B.
tropicalis induces an allergic response (bronchial, nasal, and
conjunctival) in the target organ of sensitized patients. The
lack of studies using internationally standardized extracts
of storage mites, hampers, to a certain extent, the complete
understanding and full analysis of the clinical significance of
sensitization to these mite species. Concerning immunother-
apy with storage mites, one study has demonstrated clinical
cfficacy with an cxtract of L. destructor [54] and another
one with a vaccine containing a mixture of Tyrophagus lon-
gior, Glycyphagus destructor, and Acarus farris [55].

Crossreactivity and Special Considerations
for Immunotherapy
Mite allergic individuals may be sensitized by various
mite species. This could be in part due to cross-reactivity
of common allergenic determinants. Cross-reactivity is a
common feature among mite allergens, especially in those
from taxonomically related species. The clinical relevance
of mite-allergen cross-reactivity is not well understood.
At the molecular level, mites may have very similar aller-
gens, but small discrepancies in amino acid sequences can
determine the recognition, or not, by an allergic patient.
The intensity of the exposure to the allergen, its similarity,
and the genetic background of an individual will condi-
tion the degree of cross-reactivity of two different mite
allergens. In the case of patients with positive skin tests to
several species, provocation tests (conjunctival, nasal, or
bronchial) may be needed for a more accurate diagnosis,
or more effective treatment.

Dermatophagoides  spp.—allergic  individuals may
experience allergic symptoms after consumption of crus-
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taceans and mollusks, The mite allergens of the group 10,
proteins with homology to tropomyosin from various ani-
mals, are involved in the cross-reactivity among house dust
mites and other invertebrates. The 36 kDa cross-reactive
tropomyosin present in mites, insects (chironomids, mos-
quitoes, and cockroaches), and shrimp is responsible for
cross-reactivity among different arthropods [36].
Immunochemical studies have demonstrated that
allergens from snails, crustaceans, cockroaches, and
chironomids cross-react with house dust mite allergens.
However, house dust mites are usuvally the primary
source of sensitizing allergens. Assessment of allergic
{(IgE antibody-mediated) reactions to foods may become
complicated by cross-reactivity that can occur among
certain food families and between foods and seemingly
unrelated allergens |57]. There is some cvidence that mite
immunotherapy may induce de novo sensitization to pro-
teins contained in the allergen extract [58]. However, a
recent study shows that mite immunotherapy does not
seem to induce de novo tropomyosin sensitization in mite-
allergic patients [59]. Concerning mollusks, reports have
suggested that mite immunotherapy should be avoided in
patients with combined mite-snail allergy [60], although
other authors have suggested contradictory results [61].

Novel Approaches to Mite Immunotherapy
Because the delivery of high doses of allergen carries with
it the risk for IgE-mediated events, including systemic ana-
phylaxis, several methods have been developed to reduce
specific IgE binding to allergen extracts, while maintaining
immunogenicity and clinical cfficacy. These approaches
also contemplate retaining linear epitopes, which interact
with T-cell receptors. Some of these strategies, such as the
generation of allergoids, have been clinically evaluated and
shown to be efficacious. Recombinant allergens, naturally
occurring allergen isoforms, and allergen-derived peptides
are currently being developed and require further analysis
in controlled trials [62]. Novel approaches to conventional
SLIT or SCIT with mites include: purified [63] and recom-
binant allergens |64], immunization with DNA-encoding
allergens [635,66], the use of adjuvants [67], immunostimu-
latory sequences or CpG motifs [68], peptides [69,70],
or the use of plants as vectors for the delivery of aller-
gens [71]. The use of recombinant allergens, which show
very low specific IgE-binding capacity but contain T cell~
stimulating sequences, holds promise. Several hypo-
allergenic molecules have been created by means of
conformational variants, site-directed mutation, or dele-
tion (Der £2[72], Der p 2 {73], Der £13 [74]). In the case
of D. pteronyssinus, a recombinant precursor form of Der
p 1 (ProDer p 1) has been produced in Drosophila cell cul-
tures [75]. This precursor form is enzymatically inactive,
has high immunogenicity and low allergenicity [76], and,
with the cationic lipid DiC14-amidine as adjuvant, seems
to have a prophylactic effect [77].

Because the allergen dose is an important factor in the
commitment of T cells to produce cytokines of a Th1 or Th2
phenotype and in the induction of T-cell nonresponsive-
ness, an important feature of the efficacy associated with
future allergen-specific mite immunotherapy modalities is
the delivery of relatively high doses of allergen without a
significant risk for severe reactions for the patients.

Conclusions

D. pteronyssinus and D. farinae are the most common
house dust mites and, certainly, among the most common
sources of indoor allergens worldwide. In light of recent
publications that have shown pessimistic results using
environmental control measures, immunotherapy with
mite extracts has emerged as a solid treatment for mite-
induced allergic respiratory diseases. Immunotherapy with
mite extracts has demonstrated clinical benefits in several
double-blind, placebo-controlled trials, which are included
in reviews of SCIT, including trials with pediatric and
adulr patients with rhinoconjuncvitis and or asthma. Most
successful studies of mite immunotherapy have used alum-
adsorbed or chemically modified mite allergen extracts.
Recent studies have shown efficacy using SLIT in pediatric
and adult patients with asthma and/or rhinitis. SLIT has
been able to reduce nasal symptoms and drug consumption
in several studics. Based on literature surveys, it cannot
be concluded that mite immunotherapy is more danger-
ous or safer than immunotherapy with grasses, epithelia,
or animal epithelia. Several methods have been developed
to reduce specific IgE binding to mite-allergen extracts,
while maintaining immunogenicity and clinical efficacy.
An important feature of the cfficacy associated with future
allergen-specific mite immunotherapy modalities is the
delivery of relatively high doses of allergen without a sig-
nificant risk for severe reactions for patients.
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