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Background: Chortoglyphus arcuatus is frequently identified in mattress dust samples in coastal areas of northern Spain.
Objectives: To establish the prevalence of positive skin test reactions to C arcuatus and to analyze its allergenicity and

cross-reactivity.
Methods: One hundred thirty-eight consecutive patients entered the study. The main referred symptoms were rhinoconjunc-

tivitis and asthma. Skin tests were performed with extracts of Dermatophagoides pteronyssinus, Lepidoglyphus destructor,
Tyrophagus putrescentiae, C arcuatus, and Glycyphagus domesticus. Enzyme-linked immunosorbent assay inhibition experi-
ments were conducted with the different mite species and immunoblots with serum samples from 31 sensitized patients.
Conjunctival provocation tests were performed in 10 patients with C arcuatus–positive skin test reactions and in 9 with negative
results; all the patients had positive skin test reactions to D pteronyssinus.

Results: The prevalence of positive skin test reactions to D pteronyssinus was 94.2% and to C arcuatus was 58%. There was
a significant correlation between the number of mites to which patients were sensitized and the time of disease evolution (P �
.02). Results of enzyme-linked immunosorbent assay inhibition experiments suggested minimal cross-reactivity between C
arcuatus and D pteronyssinus. Immunoblot results confirmed specific IgE binding to several bands. Conjunctival test results were
positive in 9 of 10 C arcuatus–positive individuals and slightly positive in 2 of 9 C arcuatus–negative, D pteronyssinus–positive
individuals.

Conclusions: There is a high prevalence of sensitization to C arcuatus in northern Spain. Sensitization to this species should
be considered of clinical significance. There is minimal cross-reactivity between C arcuatus and D pteronyssinus.
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INTRODUCTION
The mite species Chortoglyphus arcuatus is common in Gali-
cia, Spain, where it has been described in 72.3% of the
mattress dust samples collected in Pontevedra, in 45% in La
Coruña, and in 38.6% in Lugo.1 Phylogenetically, C arcuatus
belongs to the order Astigmata, superfamily Glycyphagoidea,
family Chortoglyphidae.2 It was first described in 1879, and
since then it has been widely cited in flour, floor dust of
barns, mills, stables, granaries, stored food (wheat rye, oats,
and seeds), poultry mixtures, and farm dust in England,
France, Belgium, Germany, the Netherlands, Poland, Russia,
New Zealand, and Korea.3,4 It has also been described in
house dust in the United States,5–7 Chile,8 Peru,9 Brazil,10 and
Colombia.11 In Spain, it has been cited in several regions,
including Valladolid,12 Barcelona,13 Santiago de Compos-
tela,14 and the Canary Islands.15

Sensitization to C arcuatus has also been described in the
United States,16–18 Brazil,19 Italy,20 Switzerland,21 Germany,22

Argentina,23 Chile,24 and Colombia.25,26 A high prevalence of
sensitization to this mite species has also been detected in
children evaluated for severe asthma in Florida.27 In vivo
sensitization to this mite species has been described in several

Latin American countries in patients with asthma,28 ranging
from 33% in Mexico to 76% in asthmatic children in Brazil.
Although the allergenicity of this mite species has not been
extensively evaluated, minimal cross-reactivity with Pyro-
glyphid mites, such as Dermatophagoides pteronyssinus,25

has been suggested. However, C arcuatus seems to be more
cross-reactive with other storage mites belonging to the fam-
ilies Acaridae, such as Aleuroglyphus ovatus,25 and Glycypha-
gidae, such as Blomia kulagini and Lepidoglyphus destructor.29

To our knowledge, the allergenicity of C arcuatus had not
been studied using provocation tests. Based on the high
prevalence of this mite species in house dust in Galicia, and
its ubiquitous presence worldwide, we decided to undertake
the present study to evaluate the allergenicity of C arcuatus.
The objectives of this study were to establish the prevalence
of positive skin test reactions to C arcuatus in allergic pa-
tients, to analyze its cross-reactivity with D pteronyssinus and
other mite species, and to conduct conjunctival provocation
tests with an extract of C arcuatus to evaluate the clinical
significance of these sensitizations.

MATERIALS AND METHODS

Patient Population
One hundred thirty-eight consecutive patients (mean � SD
age, 23.9 � 13 years; mean � SD age when symptoms
began, 15.8 � 11.7 years; and mean � SD time of evolution,
7.4 � 5.2 years) entered the study. The main referred symp-
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toms were rhinoconjunctivitis and asthma. Skin tests were
performed with mite extracts belonging to the families Pyro-
glyphidae (D pteronyssinus), Glycyphagidae (L destructor
and Glycyphagus domesticus), Acaridae (Tyrophagus putres-
centiae), and Chortoglyphidae (C arcuatus). Chortoglyphus
arcuatus and G domesticus extracts contained 2 mg of freeze-
dried material; the remaining extracts were standardized
(Laboratorios LETI S.L.). The number of mite species to
which the patients were sensitized and the time of evolution
of the disease were correlated using Spearman analysis. After
written consent was obtained, blood samples were obtained
from 32 individuals, and the serum samples were stored
frozen at �20°C until further analysis.

Allergen Extract
One hundred grams of a full-grown culture of C arcuatus was
extracted (1:10 wt/vol) in 0.01M phosphate-buffered saline
(PBS) (pH 7.4) for 4 hours at 4°C under continuous magnetic
stirring. After homogenization, the extract was centrifuged at
16,000g at 4°C for 30 minutes, and the supernatant was
collected. The remaining raw material was again reconsti-
tuted in 1:10 (wt/vol) 0.01M PBS and extracted overnight at
4°C under continuous magnetic stirring. Afterward, the ex-
tract was centrifuged and the supernatant was separated and
mixed with the first extraction, sterile filtered, and dialyzed
against bidistilled water in 3.5-kDa dialysis membranes
(Cellu Sep; Membrane Filtration Products Inc, Seguin, TX),
filtered, frozen, and freeze-dried.

Conjunctival Provocation Tests
After written consent was obtained, double-blinded conjunc-
tival provocation tests were performed in 10 patients who had
positive skin test reactions to C arcuatus and D pteronyssinus
(group 1) and in 9 patients who had positive skin test reac-
tions to D pteronyssinus and negative reactions to C arcuatus
(group 2). All the patients had rhinoconjunctivitis with or
without asthma. One physician performed the test and an-
other evaluated the results. The maximum concentration used
was 1 drop of a sterile filtered C arcuatus extract, reconsti-
tuted at 1 mg/mL. Three 1:10 dilutions were prepared and
applied at 30-minute intervals until the highest concentration
was applied or the patient experienced a positive reaction.
The drops were instilled into the lower conjunctival sac of an
eye. Isotonic sodium chloride solution was applied in the
contralateral eye as a control and was evaluated according to
the method described by Bonini et al30 with minor modifica-
tions. All the reactions were evaluated by the same physician
20 minutes after the test was conducted. Redness, tearing,
itching, and edema (inferior eyelid) were evaluated. Itching
was determined by the patient using a graded analog scale
from 0 to 4. Each of these symptoms received a maximum
score of 4, and the total possible maximum score was 16. All
the reactions resolved spontaneously after a saline wash,
without any complications or medication use. A reaction was
considered positive when the patient developed erythema and
pruritus of the conjunctiva with a minimum score of 4 from

baseline. Eight nonallergic individuals were used as controls.
The results are expressed as maximum symptom scores per
patient. Nasal symptoms were also considered positive if the
patient had signs and symptoms of rhinorrhea, nasal itching,
or sneezing.

Sodium Dodecyl Sulfate–Polyacrylamide Gel
Electrophoresis
Sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE) analysis was used to determine the antigenic
profile of the C arcuatus extract. Samples were run in SDS-
PAGE gels with 2.67% C, 15% T acrylamide as described by
Laemmli.31 The samples were denatured at 100°C for 10
minutes and were centrifuged for 1 minute at 16,000g. Fifty
micrograms of lyophilized material was loaded onto the gels,
which were stained with Coomassie brilliant blue R-250
(BioRad Laboratories, Hercules, CA). The antigenic profile
was studied using a scanner (JX-330; Sharp Corp, Tokyo,
Japan) and was analyzed using Image Master 1-D Elite v 4.00
(Pharmacia Biotech, Uppsala, Sweden).

Immunoblot
Electrophoretically separated proteins were transferred to P-
Immobilon membranes (Millipore, Bedford, MA). After
transfer, the membranes were dried at room temperature for 4
hours. The membranes were then incubated overnight with
the individual serum samples diluted in 0.01M PBS–Tween
2%. Specific IgE binding was detected by chemilumines-
cence with peroxidase-conjugated monoclonal anti–human
IgE (Ingenasa, Madrid, Spain) for 2 hours.

Enzyme-Linked Immunosorbent Assay Inhibition
A serum pool was prepared with aliquots of 15 serum sam-
ples from C arcuatus– and D pteronyssinus–sensitized pa-
tients; the mean � SD optical density of specific IgE for C
arcuatus was 0.7 � 0.7 and for D pteronyssinus was 2.6 �
0.9. Plastic microtiter plates (Immulon IV; Dynex Technol-
ogies, Chantilly, VA) were coated with a D pteronyssinus or
C arcuatus extract (10 �g of protein/per milliliter) overnight.
Several dilutions were made from the 6 analyzed mite spe-
cies. Each dilution was incubated with the serum pool for 2
hours at room temperature. Positive and negative controls
were also included. Afterward, the dilutions were transferred
to the D pteronyssinus– or C arcuatus–coated plates and
were incubated overnight. After washing, 100 �L of anti–
human IgE labeled with peroxidase was added and let to
stand for 30 minutes at room temperature. After washing, the
plates were developed for 30 minutes, and the process was
stopped with 1 N of sulfuric acid.

RESULTS

Skin Prick Testing
The prevalence of positive skin test reactions to D pteronys-
sinus was 94.2%, to G domesticus was 89.6%, to L destructor
was 89.1%, to T putrescentiae was 87% (1 patient was
exclusively sensitized to this species), and to C arcuatus was
58% (2 patients were exclusively sensitized to this species).

204 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



A significant correlation was detected among sensitizations to
D pteronyssinus, G domesticus, T putrescentiae, and L de-
structor (P � .009). However, there was no significant cor-
relation between sensitization to C arcuatus and the remain-
ing mites. There was a significant correlation between the
number of mites to which patients were sensitized and the
time of evolution of the disease (P � .02).

SDS-PAGE and Immunoblot Experiments
The SDS-PAGE from C arcuatus extract showed several
proteins with molecular weights of 8 to 97 kDa. The aller-
genic profile of the extract was studied by immunoblot using
serum samples from 31 individuals with C arcuatus–positive
skin test results. Most patients had specific IgE that recog-
nized proteins with molecular weights of 8 to 90 kDa, with
great interpatient variability (Fig 1). Figure 2 shows the
immunoblot results of 8 individuals who had a positive con-
junctival test reaction with the C arcuatus extract. The most
predominant bands were identified between below 14 and 25,
between 30 and 45, and between 46 and 65 kDa. Patient 4 did
not show specific IgE binding bands on the immunoblot but
experienced a positive conjunctival test reaction at the final
dilution used, with a total score of 8.

Conjunctival Provocation Tests With C arcuatus
Two groups of patients were challenged. In group 1, conjunc-
tival test results were positive in 9 of 10 individuals, and in
group 2, in 2 of 9 (contingency table analysis: P � .006).
Mean � SD symptom scores in group 1 were 7.1 � 3.1.
Three of these patients were positive at 0.1 mg/mL and 6 at
the highest dose administered (1 drop of a 1-mg/mL solu-
tion). In group 2, mean � SD symptom scores were 1.4 �
2.0, and both individuals reacted at the maximum dose. Nasal

symptoms after the conjunctival provocation tests were re-
corded in 6 patients in group 1 and in 1 in group 2.

Enzyme-Linked Immunosorbent Assay Inhibition
Experiments
Figure 3 shows the results of the enzyme-linked immunosor-
bent assay (ELISA) inhibition experiments to determine
cross-reactivity between C arcuatus and the remaining mite
species. The amount necessary to reach the 50% inhibition
point using C arcuatus extract in the solid phase was 0.203

Figure 1. Individual immunoblots with 23 serum samples from patients with Chortoglyphus arcuatus–positive skin test reactions. CP indicates positive
control; CN, negative control.

Figure 2. Immunoblots with individual serum samples from 8 patients
who had positive conjunctival provocation test reactions with Chortoglyphus
arcuatus. STD indicates molecular weight standards. No bands are seen in
lane 4, which corresponds to a patient with a positive provocation challenge.

VOLUME 97, AUGUST, 2006 205



�g for C arcuatus and 2.022 �g for D pteronyssinus, sug-
gesting minimal cross-reactivity between extracts. When C
arcuatus was used on the solid phase, all the analyzed mite
species produced inhibition, suggesting a certain degree of
cross-reactivity. However, T putrescentiae, L destructor, D
pteronyssinus, and G domesticus needed 3.87, 9.25, 9.96, and
19.21 times more allergen to produce 50% inhibition. All the
curves remained within the limits of parallelism, suggesting a
similar allergenic composition, although important differ-
ences were observed in the amounts of allergen needed to
produce 50% inhibition. Based on these observations, G
domesticus seems to have the least cross-reactivity with C
arcuatus. When D pteronyssinus was used in the solid phase,
D pteronyssinus needed 0.168 �g of freeze-dried extract to
produce 50% inhibition, whereas the different mite species
did not inhibit, suggesting a lack of cross-reactivity between
D pteronyssinus and the remaining mite species investigated.

DISCUSSION
In the present study, we describe a high rate of sensitization
to C arcuatus and other species in Galicia. Sensitization to
different mite species has been the subject of several publi-
cations32–35 that have demonstrated a high prevalence of cu-
taneous sensitivity to different mite species, including storage
mites, in this area. In the present study, the prevalence of
positive skin test reactions to D pteronyssinus was 94.2%; to
G domesticus was 89.6%, to L destructor was 89.1%, to T
putrescentiae was 87% (1 patient was exclusively sensitized
to this species), and to C arcuatus was 58% (2 patients were
exclusively sensitized to this species). We tried to identify,
before ELISA inhibition experiments were conducted, if by
skin testing there was a significant association between skin
test sensitivity to C arcuatus and to the remaining analyzed
mite species. We did not detect a significant correlation
between sensitization to C arcuatus and the remaining mites,
suggesting the specificity of the reaction. This finding may
have important implications when selecting mite species for
diagnosis and immunotherapy.

We also identified a statistically significant correlation
between the number of mite species to which patients were
sensitized and the time of evolution of the disease. This
seems to be a common feature of mite allergy in areas where
mites are abundant, as previously suggested.33 It could be
possible that the longer patients are exposed to mite allergens,
the more intense becomes the exposure and the greater the
probability of becoming sensitized to more species. There-
fore, cumulative exposure to mite allergens may be mediating
the evolution of the disease. Immunotherapy given early
enough to children monosensitized to house dust mites seems
to prevent new sensitizations.36

This study confirms the importance of C arcuatus as a
source of relevant allergens in Galicia. We detected a high
prevalence of sensitization to C arcuatus in Lugo, which is
comparable with that detected in tropical or subtropical areas
of the world. These results are in agreement with those
obtained by Puerta et al25,26 analyzing patients residing in the
tropical area of Colombia. The latter study demonstrated
minimal cross-reactivity between C arcuatus and Dermato-
phagoides species as evaluated by ELISA inhibition experi-
ments, which was confirmed in the present study. However,
previous studies have not addressed provocation challenges
with C arcuatus. The present study confirms the clinical
significance of sensitization to C arcuatus in C arcuatus–
sensitized individuals and suggests minimal cross-reactivity,
as corroborated by the fact that most patients sensitized to D
pteronyssinus but negative to C arcuatus did not experience
a positive conjunctival challenge with C arcuatus. In the 2
patients in whom a reaction took place, the reactions were
mild and weaker than in C arcuatus–positive individuals. We
acknowledge that a positive conjunctival challenge result
does not imply allergic respiratory disease. However, in the
context it was produced, and considering similarities with
other mite species, we cannot minimize the possibility that C
arcuatus is an inducer of allergic rhinoconjunctivitis because
6 of the 9 patients who had a positive challenge reaction to C

Figure 3. Enzyme-linked immunosorbent assay inhibition experiments in the solid phase using Chortoglyphus arcuatus (A) and Dermatophagoides
pteronyssinus (B).
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arcuatus experienced nasal symptoms, to a variable degree,
once challenged.

A similar study was conducted by Stanaland et al37 in the
United States. These researchers performed nasal provocation
tests in 2 groups of mite-allergic patients. One group was
positive to D pteronyssinus and Blomia tropicalis and the
second group was positive to D pteronyssinus alone and
negative to B tropicalis. The study confirmed the in vivo
allergenicity of B tropicalis, a mite species that is now
considered to be of allergologic importance in tropical and
subtropical environments.38 Because the distribution of C
arcuatus is worldwide, it would not be surprising if reports on
the allergenicity of C arcuatus increase with time.

Immunoblot analysis of C arcuatus extracts using 31 se-
rum samples from C arcuatus–sensitized individuals revealed
a variable pattern of allergen recognition. More than 10
allergens were identified, but the overall rate of recognition
was low. Eight of the 10 patients who underwent conjunctival
challenges provided a blood sample, which was used in the
immunoblots. The IgE binding of these sera was similar to
that of the remaining individuals who participated in the
study.

This study confirms a high prevalence of cutaneous sensi-
tivity to mites in Galicia. Sensitization to C arcuatus is
common, and 2 monosensitized patients were identified. The
clinical significance of sensitization to C arcuatus in C arc-
uatus–sensitized individuals with allergic rhinoconjunctivitis
with or without asthma was confirmed using conjunctival
challenge tests. Sensitization to C arcuatus should be con-
sidered clinically relevant in areas where this species is
present. Chortoglyphus arcuatus fulfills Thommen’s postu-
lates modified for mites. It is present in the environment in
large enough quantities to produce sensitization. Sensitization
has been proved by in vivo and in vitro testing. The contact
of C arcuatus allergens with a sensitized individual produces
allergic symptoms, and, therefore, sensitization to this mite
species should be considered of clinical significance owing to
its lack of cross-reactivity with D pteronyssinus.
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