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ABSTRACT

Background House dust mites (HDM) Dermatophagoides pteronyssinus are a frequent indoor allergen source.
Our aim was to determine the frequencies of IgE reactivity to purified HDM allergen molecules in mite allergic
patients from different parts of Europe in order to establish an allergen panel for diagnosis of HDM allergy.

Materials and methods Populations of D. pteronyssinus-allergic patients from Austria (n = 56), France (n = 55),
Italy (n = 67) and Sweden (n = 65) and storage mite allergic patients from Sweden (n = 31) were analysed for
IgE reactivity to eight purified natural (n) and recombinant (r) D. pteronyssinus allergens (nDer p 1, rDer p 2, nDer
p 4, rDer p 5, rDer p 7 rDer p 8, rDer p 10 and rDer p 14) in RAST-based dot blot assays.

Results Using a combination of Der p 1 and Der p 2, at least 97% of the D. pteronyssinus-allergic patients could
be diagnosed in each of the HDM allergic populations. However, more than 50% of the patients also reacted
with other allergens and significant variabilities regarding the frequencies of IgE reactivity to individual allergen
molecules were found. Patients with a predominant storage mite allergy showed none or only very weak IgE
reactivity to purified D. pteronyssinus allergens.

Conclusions Purified Der p 1 and Der p 2 are sufficient for the diagnosis of > 97% of D. pteronyssinus allergic
patients in Europe, but other allergens may also play an important role for the diagnosis and treatment of HDM

allergy.
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Introduction

The house dust mite (HDM) Dermatophagoides pteronyssinus
represents the most important source of mite allergy in central
Europe. Sensitization to storage mites in central Europe is
frequently associated with sensitivity to D. pteronyssinus [1] and
increased prevalence rates of IgE titres to storage mites are
associated with higher IgE levels to D. pteronyssinus [2]. Primary
sensitization to storage mites has been found in rural
environments [3-6], but storage mite allergic patients were also
found to exhibit IgE reactivity to D. pteronyssinus extracts [4].
However, cross-reactivity was also observed between D. pteronyssinus
and storage mites in studies performed with extracts [7].

D. pteronyssinus extracts used for diagnosis and therapy
contain varying concentrations of Der p 1 and Der p 2 as well as
non-allergenic components [8]. The contents of other important
allergens (e.g. Der p 5, Der p 7 and Der p 10) in HDM extracts have
so far not been evaluated in depth but some allergens (e.g. Der p

7) seem to be lacking in natural extracts. Diagnostic tests

based on D. pteronyssinus extracts may therefore fail to identify
D. pteronyssinus allergic patients and cannot distinguish between
genuine sensitization to HDMs and storage mites.

For diagnosis and immunotherapy, the use of recombinant
allergens seems to be a promising alternative to natural allergen
extracts, since they represent well defined components, which can
easily be characterised and quantified [7,9-12]. In order to use
recombinant allergens for diagnostic or therapeutic purposes, the
importance of the individual allergen molecules needs to be
evaluated. So far, 23 HDM allergens have been described and it
seems that the IgE binding frequency of individual allergens may
show high variability at least in certain populations [7,13]. An
example for a high variability in IgE reactivity profiles to D.
pteronyssinus allergens comes from a study performed in one
European (Austria) and one African (Zimbabwe) population [13].
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Another recent study demonstrated that Australian Aboriginals
predominantly reacted with Der p 4 but less frequently with Der
p 1 and Der p 2 [14]. The IgE binding frequencies as well as the
clinical relevance of the recombinant allergens need to be
evaluated in order to determine the recombinant D. pteronyssinus
allergens necessary for immunotherapy.

Our aim was to determine the prevalence of IgE reactivity to
purified HDM allergen molecules (i.e. nDer p 1, rDer p 2, nDer p
4, rDer p 5, rDer p 7, rDer p 8, rDer p 10 and rDer p 14) in sera
from D. pteronyssinus allergic patients from four European
countries (Austria, France, Italy and Sweden) in order to determine
the allergen panels needed for diagnostic purposes. Furthermore,
we examined the IgE reactivity to purified D. pteronyssinus
allergens in patients with a predominant storage mite allergy to
study whether purified HDM allergens may discriminate HDM
from storage mite allergy.

Materials and methods

Human sera

Sera from two hundred and forty-three patients with a positive
case history indicative for HDM allergy and D. pteronyssinus-
specific IgE antibodies (> 07 kU, L™) as determined with the
ImmunoCAP System (Phadia AB, Uppsala, Sweden) from four
different populations in Europe (Austria: n = 56; France: n = 55;
Italy: n = 67; Sweden: n = 65) were analysed in this study.

Sera from thirty-one storage mite-allergic Swedish farmers from
Gotland with allergen-specific IgE or/and positive skin prick tests
to at least one of the storage mites Acarus siro, Glycyphagus
domesticus, Lepidoglyphus destructor and Tyrophagus putrescentiae
were also studied.

Informed consent was obtained from each subject. The
permission to use the sera from the different populations in an
anonymous way was obtained from the Medical University of
Vienna Ethics Committee.

Mite allergens

Natural Der p 1 was isolated by affinity chromatography using the
monoclonal antibody 4C1 and nDer p 4 was purified by
cyclodextrin affinity chromatography as described [15,16].
Recombinant Der p 2 and Der p 14 fragment (amino acids 1-260)
were produced with an N-terminal His-tag using plasmid vector
pET-19b (Novagen, Madison, WI, USA) [17,18], and rDer p 5, rDer
p 7, rDer p 8 and rDer p 10 were produced as glutathione-S
transferase (GST) fusion proteins using the pGEX vector
expression system [19]. Recombinant GST protein was used as a
control protein [20].

Dot blots with purified mite allergens
Natural and recombinant mite allergens (nDer p 1, rDer p 2, nDer
p 4, rDer p 5, rDer p 7, rDer p 8, rDer p 10 and rDer p 14) and

recombinant GST as a control protein were dotted in 2 puL
(c=025png uL™h aliquots (i.e. 0-5 ng allergen/spot) onto
nitrocellulose membrane strips (Schleicher & Schuell, Dassel,
Germany). The strips were blocked with buffer A [50 mm sodium
phosphate, pH 7-4, 0-5% (v/v) Tween-20, 0-5% (w/v) BSA and
0-05% (w/v) sodium azide] and exposed to mite allergic patients’
sera ata 1:5or 1:10 dilution in buffer A. Bound IgE antibodies
were detected as described [21]. The IgE reactivity was scored as
positive by an independent investigator when there was no
reactivity with sera from non-allergic patients and the buffer
control in the same test. In the case of patients reacting also with
GST, IgE reactivity was scored positive only if the reactivity
exceeded more than twice the reactivity to GST alone in the
autoradiography.

Statistical analysis

Differences of the frequency of allergen-specific IgE reactivity were
assessed with multiple chi-square testing. The P-values were
adjusted using the Shaffer procedure. A P-value < 0-05 was
considered as statistically significant.

Results

IgE reactivity prevalence to D. pteronyssinus allergen
molecules vary in different populations

Populations of D. pteronyssinus allergic patients from Austria,
France, Italy and Sweden were analysed for IgE reactivity to
dot-blotted purified nDer p 1, rDer p 2, nDer p 4, rDer p 5, rDer
p 7, rDer p 8, rDer p 10 and rDer p 14. In all tested populations,
Der p 1 and Der p 2 represented the most important allergens with
IgE-binding frequencies ranging from 85-100% and 63-96%,
respectively [Fig. 1]. The Swedish population was found to react
with a significantly lower frequency to the major allergens, Der p
1 and Der p 2, than the populations of Austria, France and Italy.
The frequency of IgE-reactivity to the other D. pteronyssinus
allergens was much lower in all the tested European populations.
Der p 4 was recognized by 28-45%, Der p 5 by 23-64%, Der p 7
by 17-48%, Der p 8 by 9-16%, Der p 10 by 9-18% and Der p 14 by
0-3% of the patients. The frequency of IgE reactivity to Der p 5
was significantly lower in the Swedish population compared to the
other studied populations. A great variability of Der p 7 specific
IgE reactivity was also observed among the four European
populations (e.g. Sweden: 17%; Italy: 48%). More patients from
Austria and Sweden showed IgE-reactivity to Der p 10 (18%) than
patients from France and Italy (9% and 10%) [Fig. 1].

A combination of Der p 1, 2, 5 and 7 allows diagnosis
of almost all D. pteronyssinus allergic patients in
different European populations

Despite the different IgE-reactivity frequencies of the individual
D. pteronyssinus allergens in different populations, a combination
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Figure 1 Prevalence of IgE reactivity of HDM
allergic patients from European populations
(Austria: n=56; France: n=55; Italy: n=67;
Sweden: n = 65) to purified
Dermatophagoides pteronyssinus allergens.
Statistically significant differences between
the populations were assessed by multiple
chi-square testing and indicated (*P < 0-05;
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Table 1 Patients diagnosed with combinations of D. pteronyssinus allergens (nDer p 1, rDer p 2, 5 and 7)

Populations from Number of patients

Austria 56
France 55
Italy 67
Sweden (D.p.) 65
Sweden (STM) 31

nDerp 1/rDer p 2 nDer p 1/rDer p 2/rDer p 5/rDer p 7

positive positive

n % n %

56 100 56 100

55 100 55 100

66 99 66 99

63 97 65 100
3 10 6 19

n, number of IgE-reactive sera; %, percentage of IgE-reactive sera; D.p., Dermatophagoides pteronyssinus allergic; STM, storage mite allergic.

Table 2 Patients diagnosed with combinations of D. pteronyssinus allergens (nDer p 1, rDer p 2, nDer p 4, rDer p 5, 7, 8, 10 and 14)

nDer p 1/rDer p 2

nDer p 1/rDer p 2/

nDer p 1/rDer p 2/rDer nDer p 4/rDer p 5/

positive p 5/rDer p 7 positive rDer p 7 positive
+ + +
nDer p 4/rDer p 5/rDer nDer p 4/rDer p 8/ rDer p 8/rDer p 10/
p 7/rDer p 8/rDer p 10/ rDer p 10/rDer p 14 rDer p 14
Populations Number of rDer p 14 negative negative negative
from patients n % n % n %
Austria 56 17 30 33 59 43 66
France 55 10 18 25 45 46 84
Italy 67 20 30 40 60 54 81
Sweden (D.p.) 65 27 42 39 60 51 78
Sweden (STM) 31 1 3 5 16 6 19

n, number of IgE-reactive sera; %, percentage of IgE-reactive sera; D.p., Dermatophagoides pteronyssinus allergic; STM, storage mite allergic.

of Der p 1 and Der p 2 was sufficient to diagnose at least 97% of
D. pteronyssinus allergic patients in each of the tested populations
(Table 1). In France and Austria, the combination of Der p 1 and
Der p 2 allowed diagnosis of all patients. One of the two negative
Swedish patients showed IgE-reactivity to Der p 5 and Der p 10,
whereas the other patient reacted with Der p 7. The addition of
the two mite allergens, Der p 5 and Der p 7, to the mixture of Der
p 1 and Der p 2 increased the percentage of diagnosed patients to
100% in most of the populations (Austria, France, Sweden)
(Table 1). Only one patient from Italy, who showed IgE reactivity
with Der p 8 and Der p 10, could not be diagnosed with the
combination of Der p 1, Der p 2, Der p 5 and Der p 7. Although
most of the patients could be diagnosed with a combination of Der
p 1 and Der p 2, only 18-42% of the patients were exclusively
sensitized to the two major D. pteronyssinus allergens (Table 2).
Between 45 and 60% reacted with Der p 1, 2, 5 and 7 but not with
the other tested allergens. A great geographic difference was
observed. Approximately 60% of the patients from Austria, Italy

and Sweden but only 45% of the French patients were exclusively
sensitized to a combination of Der p 1, Der p 2, Der p 5 and Der
p 7 and did not show IgE reactivity to the other tested D.
pteronyssinus allergens (Der p 4, Der p 8, Der p 10 and Der p 14)
(Table 2). Since Der p 4 is a frequently recognized mite allergen
[Fig. 1], we included Der p 4 to the combination of Der p 1, Der p
2, Der p 5 and Der p 7. The addition of Der p 4 increased the
percentage of diagnosed French patients from 45% to 84% but had
lower effects on the diagnosis in the other populations (Table 2).

Storage mite allergic patients exhibit almost no IgE
reactivity to purified D. pteronyssinus allergens

Sera from patients with predominant storage mite allergy from
Sweden (sera 1-31) were tested for IgE reactivity to the panel of
purified D. pteronyssinus allergens (nDer p 1, tDer p 2, nDer p 4,
rDer p 5, tDer p 7, rDer p 8, rDer p 10 and rDer p 14) [Fig. 2].
Only seven of the 31 sera exhibited very low IgE reactivity to

D. pteronyssinus allergens (Der p 1, 2, 4, 7 and 10). Four of these
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Figure 2 Prevalence of IgE reactivity of storage mite allergic
patients (31 Swedish patients) to purified Dermatophagoides
pteronyssinus allergen molecules.

seven sera reacted with Der p 7 (sera 1, 10, 17 and 22; 13%), two
sera with Der p 2 (sera 9 and 22; 6%), one serum with Der p 1 and
Der p 4 (serum 28; 3%) and one serum with Der p 10 only (serum
23; 3%) (Table 1 and Table 2).

Discussion

Allergen extracts from HDMs are frequently of poor quality. The
use of purified recombinant and/or natural allergens for
diagnostic and therapeutic purposes may therefore be considered
as an alternative, or even an improvement over the traditional
allergen extracts. In order to determine the importance of the
individual HDM allergens for diagnosis and therapy, we
determined the molecular IgE reactivity profiles to purified D.
pteronyssinus allergens in sera from mite allergic patients from
different parts of Europe (Austria, France, Italy and Sweden). The
determination of the IgE reactivity prevalence to the individual
allergen molecules in the different populations is an important first
step in deciding which of the purified allergens are necessary for

diagnosis of mite allergy and may be included in a vaccine cocktail.

Our results demonstrate that the two major allergens, Der p 1
and Der p 2, appear to be sufficient for the diagnosis of more than
97% of D. pteronyssinus allergic patients in each of the tested
European populations and thus are in agreement with a survey
carried out in an Austrian population [13]. With the addition of
Der p 5 and Der p 7, the percentage of diagnosed patients could
be increased to nearly 100%. Only one out of 243 patients could
not be diagnosed with a combination of Der p 1, 2, 5 and 7, but
reacted with Der p 8 and Der p 10. This patient also showed IgE
reactivity to cockroaches and crustaceans, which may have been
the primary sensitizing allergen sources. In fact, Der p 8 and Der

p 10 are cross-reactive allergens. Der p 8 belongs to the glutathione
S-transferase (GST) superfamily [22], and Der p 10 (mite
tropomyosin) represents a cross-reactive allergen also found in
insects (cockroaches), crustaceans (e.g. shrimp, lobster, crab),
molluscs (e.g. squid) and helminths [23-25].

Our results thus indicate that a diagnostic test consisting of
Der p 1, Der p 2, Der p 5 and Der p 7 seems to be sufficient for
the diagnosis of a genuine HDM sensitization in Europe and,
according to another study, even in Australia [14].

Sensitization to storage mites is often found in D. pteronyssinus
allergic patients and it may be difficult to differentiate between a
genuine sensitisation to HDM or to storage mites. Several studies
have been performed to examine the cross-reactivity between
storage mites and HDMs [2,26,27]. Some cross-reactivity could be
observed but IgE reactivity to both mite types seems more likely
to be the result of a co-sensitization. This assumption is confirmed
by our finding that storage mite allergic patients reacted only very
weakly and only with few of the purified D. pteronyssinus
allergens. It is therefore possible that the diagnostic cocktail of Der
p 1, Derp 2, Der p 5 and Der p 7 can also be used to discriminate
between sensitization to HDMs and storage mites.

We observed significant differences regarding IgE reactivity to
certain allergens in the tested populations. For example,
significantly less Swedish patients reacted with rDer p 2 compared
to patients from Austria, France and Italy. Significantly more
Italian patients reacted with Der p 7 while Der p 5 was most
frequently detected by French patients.

The observed differences cannot be attributed to different
selection criteria, since all sera were selected randomly from
groups of patients with specific IgE-levels > 07 kU, L™ and
clinical symptoms to HDMs.

One possible explanation for the differences between the
Swedish patients and the other European populations may be that
in Sweden mite allergen antibody levels are very low which is
consistent with a low level or absence of detectable mite allergens
in homes and fewer people are sensitised to HDMs [28,29].
However the fact that the IgE reactivity frequency to certain mite
allergens was similar or even higher in the Swedish population
(e.g. Der p 10) compared to Austria, France and Italy suggests that
differences of D. pteronyssinus-specific IgE levels alone are not
responsible for the variability in the IgE reactivity profiles.

Our finding that there is a considerable variability of IgE
recognition frequencies to individual HDM allergens may have
important implications for the selection of mite allergens to be
included into a therapeutic vaccine for HDM allergy. Only 18-42%
of our patients reacted exclusively with Der p 1 and/or Der p 2,
whereas the majority of patients (i.e. > 50%) reacted also with other
D. pteronyssinus allergens. In the case that the other D. pteronyssinus
allergens are responsible for clinical symptoms, a mix of Der p 1
and Der p 2 alone will not be sufficient for effective specific
immunotherapy. Based on the frequency of IgE-recognition, Der
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p 5, Der p 7 and Der p 4 are possible candidate molecules for a
vaccine cocktail whereas less than 20% of the patients reacted with
Der p 8, Der p 10 and Der p 14. As the next steps towards the
selection of a vaccine cocktail, IgE recognition prevalences need to
be established for the remaining HDM allergens (e.g. Der p 3, Der

p6,Derp9,Derp 11, Der p 15, Der p 18, Der p 20 and Der p 21) [9,30].

However, serum IgE levels and IgE reactivity frequencies cannot
predict clinical relevance [31,32]. The final definition of an optimal
vaccine cocktail for HDM allergy will therefore require the clinical
evaluation of the frequently recognized allergens. For this purpose,
the allergenic activity of the individual mite allergens should be
determined in vivo by provocation testing (e.g. by skin prick
testing of different populations). As recently demonstrated for
grass pollen allergens, those molecules with weak or no allergenic
activity may be excluded from the vaccination cocktail because
they will not induce relevant symptoms in patients [33]. After
selection of the most frequently recognized and clinically relevant
allergens a therapeutic vaccine cocktail can be established and
then needs to be tested in immunotherapy studies in humans
for efficacy.

In conclusion we determined a minimal panel of purified HDM
allergens which allows us to diagnose genuine sensitization to
HDMs. Our study may also be considered as a first step towards
the selection of allergens to be included in a therapeutic vaccine
for HDM allergy.
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