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p 2: 1.7–45.0  � g ml –1 ). At least 1 out of 4 allergens (i.e. Der p 
5, 7, 10 and 21) was not detected in 8 of the studied extracts. 
Mite-allergic subjects showed different IgE reactivity pro-
files to the individual mite allergens, the extracts showed 
different allergenic activity in skin-prick tests and false-neg-
ative results.  Conclusions:  Commercially available  D. pteron-
yssinus  extracts lack important allergens, show great vari-
ability regarding allergen composition and content and 
some gave false-negative diagnostic test results in certain 
patients. 

 

Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 House dust has been known as a triggering factor of 
respiratory diseases, like rhinitis and asthma, for decades 
 [1]  and mites from the genus  Dermatophagoides  sp. have 
been found to be the most important allergen source in 
house dust  [2] . House-dust mites (HDMs) represent one 
of the most common causes of allergy worldwide, against 
which more than 50% of allergic patients are sensitized 
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 Abstract 

  Background:  Diagnosis and immunotherapy of house-dust 
mite (HDM) allergy is still based on natural allergen extracts. 
The aim of this study was to analyze commercially available 
 Dermatophagoides pteronyssinus  extracts from different 
manufacturers regarding allergen composition and content 
and whether variations may affect their allergenic activity. 
 Methods:  Antibodies specific for several  D. pteronyssinus  al-
lergens (Der p 1, 2, 5, 7, 10 and 21) were used to analyze ex-
tracts from 10 different manufacturers by immunoblotting. 
Sandwich ELISAs were used to quantify Der p 1 and Der p 2 
in the extracts. Mite-allergic patients (n = 45) were skin-test-
ed with the extracts and tested for immunoglobulin E (IgE) 
reactivity to a panel of 10 mite allergens (Der p 1, 2, 4, 5, 7, 8, 
10, 14, 20 and 21) by dot blot.  Results:  Only Der p 1 and Der 
p 2 were detected in all extracts but their concentrations and 
ratios showed high variability (Der p 1: 6.0–40.8  � g ml –1 ; Der 
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 [3]  and in which, so far, more than 20 allergens have been 
identified  [4, 5] .

  Skin-prick testing (SPT) with allergen extracts repre-
sents one of the most common methods of diagnosing 
allergy and has been used since the 19th century  [6–8] . 
Early attempts for a quality control of allergen extracts 
were based on the measurement of total protein content 
defining protein nitrogen units (PNU)  [9] . Further at-
tempts to characterize diagnostic and therapeutic ex-
tracts included in-house standards and units [e.g. allergy 
unit (AU), biological unit (BU) and index of reactivity 
(IR)] defined by skin testing  [7]  or in vitro testing using 
serum samples of available allergic patients in methods 
such as direct RAST, RAST inhibition or basophil activa-
tion assays  [9–12] . Today, allergen standardization main-
ly concentrates on the safety aspect by determining the 
overall immunoglobulin E (IgE)-binding potency of the 
allergen extracts  [13] . However, each manufacturer uses 
company-specific units which are not suitable for the 
comparison of different products. It has been shown that 
the concentration of major allergens correlated with the 
biological potency and IgE reactivity of allergen extracts 
 [14–15] ; therefore, the quantification of major allergens in 
extracts using recombinant reference allergens has been 
initiated  [16] .

  However, major problems in the preparation of HDM 
allergen extracts are due to the fact that these extracts 
contain several different important allergens and several 
proteases which may lead to degradation, and the aller-
gen composition varies depending on culture conditions, 
source material (mite bodies and mite cultures), extrac-
tion procedures and storage conditions  [17–20] . A recent 
study indicated that there is considerable variation of the 
major HDM allergens, Der p 1 and Der p 2 in commercial 
 D. pteronyssinus  extracts, but there are no data available 
regarding other important HDM allergens  [21] .

  The aim of our study was to perform an in-depth anal-
ysis of commercially available  D. pteronyssinus  extracts 
from different European manufacturers regarding a pan-
el of 6 important HDM allergens (Der p 1, 2, 5, 7, 10 and 
21)  [5, 22] , and to study if variations in allergen composi-
tion and content may affect diagnostic skin-test results.

  Material and Methods 

 Allergens and Antibodies 
 Natural Der p 1 was affinity-purified from a  D. pteronyssinus 

 extract using the monoclonal antibody 4C1 and Der p 4 was puri-
fied by cyclodextrin affinity chromatography  [23–24] . The re-
combinant allergens rDer p 5, 7, 10 and 21 were expressed in the 

vector pET 17b as nonfusion proteins [ 5, 25, 26  and Casset and 
Vrtala, unpubl.]. rDer p 2 was expressed in the vector pET 17b 
with a C-terminal hexahistidine tag  [27]  and an rDer p 14 frag-
ment (aa 1–260) was expressed in the vector pET 19b with an N-
terminal hexahistidine tag  [28] . rDer p 8 was expressed in the 
vector pGEX as a GST fusion protein and rDer p 20 in the vector 
pET 19b as a nonfusion protein [Thomas et al., unpubl.]. Rabbits 
were immunized with natural (nDer p 1) and recombinant aller-
gens (rDer p 2, 5, 7, 10 and 21) using Freund’s adjuvant (Charles 
River Laboratories, Kißlegg, Germany). The immunizations con-
sisted of 3 injections; the 1st contained 200  � g allergen in com-
plete Freund’s adjuvant and the 2nd and 3rd contained 200  � g 
protein in incomplete Freund’s adjuvant. A monoclonal anti-HSA 
(human serum albumin) antibody (clone HSA-11, A6684) was 
purchased from Sigma.

  Subject Characteristics 
 Adult subjects with clear-cut clinical symptoms appearing on 

exposure to house dust (e.g. sneezing and running nose at home, 
wheezing at night and worsening of symptoms upon greater ex-
posure) were recruited. Twenty-six adult subjects from Italy and 
19 from France were tested and had blood taken at the time the 
SPT was performed. Patients had a history of mite allergy with 
symptoms indicative of this (asthma and/or rhinitis and/or con-
junctivitis), a positive SPT to  D. pteronyssinus  extract and/or  D. 
pteronyssinus -specific IgE antibodies ( 1 0.35 kUA l –1 ) measured 
by ImmunoCAP (Phadia, Uppsala, Sweden). Subjects who were 
using oral corticosteroids and/or antihistamines and pregnant or 
breast-feeding women were excluded. As a control group, 5 sub-
jects with no history of mite allergy and negative in vitro and/or 
in vivo tests for  D. pteronyssinus  were included.

  Allergen Extracts and Skin Prick Testing 
 As a part of the diagnostic testing procedure, SPTs were per-

formed at the Centre for Molecular Allergology in Rome, Italy and 
in the Division of Asthma and Allergology in the Strasbourg Uni-
versity Hospital, France, with permission from the local ethics 
committees and informed consent from the patients (IDI-EC 
2006-202). Italian mite-allergic patients were tested with  D. pter-
onyssinus  SPT solutions from 9 international suppliers that are 
available in Italy (extract 1: Leti batch 753795-06/E, extract 2: 
ALK-Abello batch A1667, extract 3: Lofarma batch 06101, extract 
4: Anallergo batch 062511, extract 5: Bial batch 61129, extract 6: 
HAL Allergy batch B1605034, extract 7: Merck batch 30012523-
IT, extract 8: Stallergenes batch 64891 and extract 9: SARM Al-
lergeni batch N156). French mite-allergic and non-mite-allergic 
subjects (controls) were tested in duplicate with  D. pteronyssinus 
 SPT solutions available from 4 international suppliers in France 
(extract A: Leti batch 821111-06/S, extract B: Stallergenes batch 
73933, extract C: HAL batch B1725029 and extract D: Allerbio 
batch 0701678). Histamine dihydrochloride (10 mg ml –1 ) served 
as positive control and a glycerol-saline solution as negative con-
trol. SPT procedures were performed according to the published 
practice guidelines  [6, 7]  on the volar aspect of the patient’s fore-
arms, 3 cm apart. Wheal sizes were marked with a pen after 15 
min and transferred to a record sheet with an adhesive tape. SPT 
responses were evaluated as the mean wheal area calculated by 
computer scanning (Autocad 2008, Autodesk, Pratteln, Switzer-
land) as previously described  [29] . Only wheals of an area of at 
least 7 mm 2  were considered as positive  [6] .
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  The protein and allergen contents of aliquots of the extracts 
used for the SPTs were analyzed in parallel.

  All tests were performed with coded anonymous preparations. 
Investigators in the clinical and laboratory settings were not 
aware at the time of the study of the kind of preparation they were 
using in vivo or in vitro.

  The total protein content of the extracts was determined with 
the Micro BCA Protein Assay Reagent Kit (Pierce, Rockford, Ill., 
USA) using the bicinchoninic acid method.

  SDS-PAGE and Silver Staining 
 Equal volumes of each  D. pteronyssinus  extract (10  � l) were 

applied to 14% SDS-PAGE and proteins were visualised by silver-
staining  [30] .

  Detection of D. pteronyssinus Allergens Der p 1, 2, 5, 7, 10 and 
21 in D. pteronyssinus Extracts by Immunoblotting 
 Equal volumes of each  D. pteronyssinus  extract (15  � l cm –1 ) 

were separated by 14% SDS-PAGE and blotted onto nitrocellulose 
(Protan � , Whatman, Dassel, Germany). Membranes were blocked 
in buffer A [50 m M  sodium phosphate pH 7.5, 0.5% (w/v) BSA, 
0.5% (v/v) Tween-20 and 0.05% (w/v) sodium azide] and incubat-
ed overnight at 4   °   C with rabbit antisera specific for Der p 1 (di-
luted 1/10,000 in buffer A), Der p 2 (1/100,000), Der p 5 (1/10,000), 
Der p 7 (1/10,000), Der p 10 (1/100,000) and Der p 21 (1/10,000) 
and the corresponding preimmune sera at the same dilutions. 
Bound antibodies were detected as described  [31] .

  A semiquantitative analysis of the blot signals was achieved 
with the NIH ImageJ software (version 1.42; http://rsb.info.nih.
gov/ij/). The scanned film was analyzed after conversion into an 
8-bit greyscale image, background correction and inversion of the 
image. Thus, pixel values ranged from 0 (black) to 255 (white). 
After outlining the individual bands using the square tool, the 
integrated density was calculated as a product of ‘area’ value (area 
of selection in square pixels) and ‘mean grey value’ (sum of the 
grey values of all the pixels in the selection divided by the number 
of pixels). Three independent measurements were done and aver-
aged for each dot.

  ELISA Assay 
 Natural and recombinant mite allergens (nDer p 1 and rDer p 

2, 5, 7, 10 and 21) as well as BSA as control protein (each 5  � g/ml 
in PBS) were coated onto an ELISA plate (Nunc, Roskilde, Den-
mark) at 4    °    C overnight. The plate was washed 5 times with 
PBS/0.05% (v/v) Tween-20 (PBST) and blocked for 2.5 h at room 
temperature with PBST containing 1% (w/v) BSA. The ELISA 
plate-bound proteins were incubated with rabbit antisera specific 
for Der p 1, 2, 5, 7, 10 and 21 and serum from a nonimmunized 
rabbit [dilution 1/20,000 in PBST/0.5% (w/v) BSA] at 4   °   C over-
night. The color reaction was performed as described  [5] . The op-
tical density values were corrected by subtracting the values ob-
tained with the serum from a nonimmunized rabbit from the val-
ues obtained with the immune sera.

  Quantification of Der p 1 and Der p 2 in D. pteronyssinus 
Extracts by Sandwich ELISA 
 One-milliliter aliquots from extracts 1–9 and 500  � l from ex-

tracts A–D were dialyzed in cassettes with 3,500 Da MW cutoff 
(Slide-A-Lyzer � , Pierce, Rockford, Ill., USA) for 24 h against 2 li-
ters of 0.9% NaCl and for 24 h against 2 liters of PBS at 4   °   C to 

remove the glycerol. The volume obtained after dialysis was mea-
sured in order to calculate the dilution factor. Quantification of 
Der p 1 and Der p 2 in the extracts was performed by quantitative 
sandwich ELISA according to the manufacturer’s instructions 
(Indoor Biotechnologies, Charlottesville, Va., USA). Results were 
expressed in  � g ml –1  after taking into account the dilution factor 
of dialysis. All measurements were performed in duplicate. The 
intra-assay coefficient of variation (CV) of the Der p 1 ELISA was 
11.3% and the inter-assay CV 3.1%. The intra-assay CV of the Der 
p 2 ELISA was 9.5% and the inter-assay CV 7.6%. Both assay de-
tection limits were 0.5 ng ml –1 .

  IgE Immunoblots and Dot Blots 
 Equal volumes (15  � l cm –1 ) of each commercial  D. pteronyssi-

nus  extract were separated by 14% SDS-PAGE and blotted onto 
nitrocellulose (Protan). Two microliters of the purified  D. pteronys-
sinus  allergens, nDer p 1, rDer p 2, nDer p 4 and rDer p 5, 7, 8, 10, 
14, 20 and 21 and BSA as a negative control were dotted onto nitro-
cellulose strips (0.25  � g  � l –1 ). Nitrocellulose strips containing ex-
tracts or purified allergens were incubated with serum from the 
subjects diluted 1/10 in buffer A overnight at 4   °   C. Bound IgE an-
tibodies were detected as described  [31] .

  Statistical Analysis 
 Correlations between Der p 1 and Der p 2 concentrations in 

the extracts and the mean wheal area obtained in SPTs with the 
different extracts were analyzed by nonparametric Kendall cor-
relation. Analyses were performed using the SPSS 11.01 statistical 
software (Chicago, Ill., USA).

  Results 

 Amounts of Protein and Protein Compositions Differ 
in Commercial D. pteronyssinus Extracts 
 The commercial  D. pteronyssinus  extracts from differ-

ent companies were separated by SDS-PAGE and silver-
stained ( fig. 1 a: extracts 1–9,  fig. 1 b: extracts A–D). The 
protein content and composition differed considerably 
between the commercial extracts. Extracts 4 and A con-
tained large amounts of proteins between 10 and 250 
kDa, whereas extract 8 showed only 2 weak bands at 
around 25 and 14 kDa, a molecular weight corresponding 
to the  D. pteronyssinus  allergens Der p 2, 5, 21 and pos-
sibly to group 12 and 13 allergens. The 14-kDa band was 
detected in all commercial extracts except in extract 6, 
which showed 1 prominent band at approximately 66 
kDa, which was also visible in extracts 1, A and C ( fig. 1 ). 
Western blots of the commercial extracts with a mono-
clonal anti-HSA antibody, which specifically recognized 
HSA but not other albumins, showed that the band at 66 
kDa found in extracts 1, 6, A and C represented HSA, 
which may have been added to increase the stability of the 
extracts (data not shown). Differences of the protein con-
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tent between the commercial extracts were also reflected 
by the protein quantifications summarized in  table 1 . The 
total protein concentrations ranged in extracts 1–9 from 
0.7 (extract 9) to 6.0 mg ml –1  (extract 2). In extracts A, B, 
C and D, the total protein concentrations ranged from 5.2 
to 7.7 mg ml –1  ( table 1 ). However, the total protein con-
centrations did not correlate with the amounts seen in the 
silver-stained SDS-PAGE ( fig. 1 ). This might be caused by 

degradation products in some extracts which are not vis-
ible on the SDS gel. We therefore dialysed the extracts in 
cassettes with 3,500 Da MW cutoff before protein quan-
tification (data not shown). The protein concentrations 
measured after dialysis corresponded well with the pro-
tein amounts seen in silver-stained SDS-PAGE, indicat-
ing that degradation took place in some of the commer-
cial extracts (data not shown).
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  Fig. 1.  Silver-stained SDS-PAGE containing  D. pteronyssinus  extracts from different companies, i.e. lanes 1–9 
( a ) and A–D ( b ). Lane M = Molecular mass marker. 

Table 1.  Concentrations of total proteins, Der p 1 and Der p 2 and intensity of Der p 5, 7, 10 and 21 in 9 different D. pteronyssinus ex-
tracts (Italy: 1–9; France: A–D)

E xtracts

1a 2 3 4 5 6b 7 8c 9 Aa Bc Cb D

Total protein concentration, mg ml–1 4.8 6.0 4.4 1.7 3.1 5.6 2.6 4.7 0.7 7.7 5.2 6.5 5.5
Der p 1 concentration, �g ml–1 12.7 40.8 23.3 14.4 32.7 11.0 7.7 8.8 7.1 22.5 14.0 13.8 6.0
Der p 2 concentration, �g ml–1 26.6 43.4 28.5 2.7 9.3 2.0 14.4 3.7 20.6 45.0 4.3 1.7 2.1
Ratio Der p 1/Der p 2 0.5 0.9 0.8 5.3 3.5 5.5 0.5 2.4 0.3 0.5 3.2 8.1 2.9

Der p 5 – – 8.17 – – – 16.1 – 77.5 7.76 – – 6.55
Der p 7 7.73 2.96 72.2 – 12 – 60.8 – 15.4 35.2 – – 28.1
Der p 10 217 109 201 – – – 164 – 144 177 – – –
Der p 21 – – – – – – 101 – 52.7 – – – –

Max imum and minimum values are in italics. An absence of allergen in the extract is shown by –.
The integrated density !104 is indicated for Der p 5, Der p 7, Der p 10 and Der p 21.
a Extracts 1 and A represent different batches from Leti.
b Extracts 6 and C represent different batches from HAL.
c Extracts 8 and B represent different batches from Stallergenes.
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  Concentrations of the Major Allergens Der p 1 and 
Der p 2 Differ Considerably among the Commercial 
D. pteronyssinus Extracts 
 Because Der p 1 and Der p 2 represent the major aller-

gens of  D. pteronyssinus , we determined their concentra-
tions in the different commercially available extracts by 
quantitative ELISA ( table 1 ). They were detected in all ex-
tracts tested, but the amounts varied considerably. In ex-
tracts 1–9, Der p 1 levels ranged from 7.1  � g ml –1  (extract 
9) to 40.8  � g ml –1  (extract 2) and in extracts A to D, from 
6.0  � g ml –1  (extract D) to 22.5  � g ml –1  (extract A) ( table 1 ). 
An even greater variation was seen for the Der p 2 concen-
trations in the different extracts, with levels varying up to 
22-fold in extracts 1–9, from 2.0  � g ml –1  (extract 6) to 43.4 
 � g ml –1  (extract 2), and up to 26-fold in extracts A–D, 
from 1.7  � g ml –1  (extract C) to 45.0  � g ml –1  (extract A) 
( table 1 ). Strong differences regarding the ratios of Der p 
1 and Der p 2 were observed, ranging (on the weight basis) 
from 0.3 in extract 9 to 8.1 in extract C ( table 1 ).

  Important Allergens Der p 5, 7, 10 and 21 Are Absent 
in Certain Commercial D. pteronyssinus Extracts 
 Highly specific rabbit antisera raised by immuniza-

tion with purified allergens (nDer p 1 and rDer p 2, 5, 7, 
10 and 21) were used to search for these allergens in the 
extracts. In ELISA assays, each of the rabbit antisera 
showed strong and specific reactivity to the respective al-
lergen against which they were raised. No cross-reactivi-
ty with the other allergens was observed, except for the 
anti-Der p 5 antiserum which showed low cross-reactiv-
ity to Der p 21, presumably because of the high sequence 
homology between Der p 5 and Der p 21  [5]  ( table 2 ). The 
rabbit antisera were used to detect Der p 1, 2, 5, 7, 10 and 

21 in nitrocellulose-blotted commercial  D. pteronyssinus 
 extracts ( table 1 , lower part). Der p 2 was the only allergen 
which was detected in all of the tested extracts, but in 
varying amounts which corresponded well to the amounts 
measured by quantitative ELISA ( table  1 ). Although 
quantitative ELISA showed that Der p 1 was also present 
in all extracts, this allergen cannot be detected in immu-
noblots due to its heat lability  [32] . The presence of the 
other allergens varied strongly between the extracts. 
Only in 2 of the extracts (extracts 7 and 9) were all tested 
allergens detected ( table 1 , lower part). Der p 7 was de-
tected in 8 extracts (extracts 1, 2, 3, 5, 7, 9 and A–D), Der 
p 10 in 6 (extracts 1, 2, 3, 7, 9 and A), Der p 5 in 5 (extracts 
3, 7, 9, A and D) and Der p 21 in 2 (extracts 7 and 9). The 
reactivity of the allergens varied considerably. Whereas 
Der p 10 was present in high amounts in all 6 extracts 
where it was detected (integrated density  !  10 4 : 109–
217), the reactivity to Der p 7 varied 24-fold between ex-
tract 2 (2.96) and extract 3 (72.2) ( table 1 , lower part). In 
5 extracts (4, 6, 8, B and C), Der p 2 was the only allergen 
which was detected with the rabbit antisera ( table 1 , low-
er part). No background reactivity was found with the 
preimmune sera (data not shown).

  We also found that the allergen contents and composi-
tions between different batches from the same manufac-
turer (e.g. extracts 1 and A, 6 and C and 8 and B) varied 
considerably ( table 1 ).

  HDM-Allergic Subjects Show Different IgE Reactivity 
Profiles 
 The IgE reactivity profiles of the HDM-allergic sub-

jects and the frequencies of sensitization to the individu-
al allergens in the 2 countries are displayed in  table 3 .

Table 2.  Specificity of allergen-specific rabbit antisera as tested with purified natural and recombinant D. pteronyssinus allergens by 
ELISA

R abbit immune sera

 anti-Der p 1 anti-Der p 2 anti-Der p 5 anti-Der p 7 anti-Der p 10 anti-Der p 21

nDer p 1 2.312 0.000 0.036 0.001 0.000 0.017
rDer p 2 0.000 0.802 0.134 0.000 0.000 0.008
rDer p 5 0.000 0.000 2.767 0.054 0.045 0.001
rDer p 7 0.000 0.000 0.130 0.528 0.049 0.034
rDer p 10 0.000 0.000 0.045 0.010 1.165 0.000
rDer p 21 0.000 0.000 0.855 0.000 0.126 0.564
BSA 0.002 0.005 0.006 0.004 0.001 0.000

The mean OD values of two determinations are shown.
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 Table 3. a Clinical and serological characteristics of HDM-allergic subjects from Italy

Subject
No.

Symptoms Der p-specific 
IgE, kUA l–1

IgE reactivity to Der p allergens

1 2 4 5 7 8 10 14 20 21

1 R, C 2.4 + + – + – – – – – –
2 R, C 46.7 + + – – – + + – – –
3 R 18.8 + + – + + – – – – +
4 R, C >100 + + + – – + + – – +
5 R <0.3 – – – – – – – – – –
6 R, C 28.8 + + + – + – – – – –
7 R 1.5 + – – – – – – – – –
8 C 3.0 + + – + – – – – – –
9 R, C n.d. + + – – + + + – – –

10 R 12.1 + – + – – – – – – –
11 R, A 3.9 + + – + – – – – – +
12 R, C 0.5 + + – – – – – – – –
13 R, C 19.0 + + – – + + – – – –
14 R 3.1 + – + – – – + – – –
15 R, C 9.7 + + – – – – – – – –
16 R, C 10.5 + – + – – + – – – +
17 R, C 2.0 + – – – – – – – – –
18 R, C <0.3 + + – – – – – – – –
19 R 6.9 + + – – – – – – – –
20 R 6.7 + + – – + – – – – –
21 R, C 91.2 + + + + + + + – – –
22 R, C 56.2 + + + + + + – – – +
23 R 19.6 + + + – + – – – – +
24 R 2.8 + + – – – + – – – –
25 R 7.5 + + – + – – – – – +
26 R, C 8.1 + + – + – – – – – +

Frequency of IgE reactivity (%) 96 77 31 31 31 31 19 0 0 31

Table 3. b Clinical and serological characteristics of HDM-allergic subjects from France

Subject
No.

Symptoms Der p-specific 
IgE, kUA l–1

I gE reactivity to Der p allergens

1 2 4 5 7 8 10 14 20 21

27 R, C, A 12.2 + + – + + – + – – +
28 R, C, A 12.6 + – – – – – – – – –
29 R, C, A 16.5 + + – – – – – – – –
30 R, C 5.3 + + – + – – – – – –
31 R, C 21.2 + + – + – – – – – +
32 R, C 4.7 + + – + – – – – – +
33 R, C 1.3 + + – – – – – – – –
34 R, C, A 5.0 + – – – – – – – – –
35 R, C 67.8 + + – + – – – – – –
36 R, C 91.3 + + + – + – – – – –
37 R, C 64.4 + + – + + – – – – +
38 R, C 3.1 + + – – – – – – – –
39 R, C 3.9 + + – – – – – – – –
40 R, C 22.2 + + – + – – – – – +
41 R, C 4.7 + + – – – – – – – –
42 R, C, A 44.8 + + – – + – + – – +
43 R, C 14.5 – + – – – – – – – –
44 R, C, A 9.1 + + – + – – – – – –
45 R, C, A 38.4 + + – + – – – – – +

Frequency of IgE reactivity (%) 95 89 5 47 21 0 11 0 0 37

A  = Asthma; C = conjunctivitis; n.d. = not determined; R = rhinitis.
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  When the sera of 26 Italian mite-allergic patients were 
tested in dot blot assays, 25 (96%) reacted specifically 
with nDer p 1 and 20 (77%) specifically with rDer p 2. 
Twenty (77%) showed IgE reactivity both with nDer p 1 
and rDer p 2. Five (19%) reacted with nDer p 1 but not 
with rDer p 2 ( table 3 a). The mite-allergic subject No. 5 
did not react with any of the tested allergens. When the 
19 mite-allergic French subjects were tested in dot blots, 
again, Der p 1 was the most frequently recognized aller-
gen. Sera from 18 mite-allergic subjects (95%) reacted 
specifically with nDer p 1 and 17 (89%) with rDer p 2. 
Sixteen (84%) showed IgE reactivity both with nDer p 1 
and rDer p 2. Two (11%) reacted with nDer p 1 but not 
with rDer p 2, and 1 (5%) reacted with rDer p 2 but not 
with nDer p 1 ( table 3 b).

  Der p 4, 7 and 8 were less frequently recognized by the 
French sera compared to the Italian sera (5, 21 and 0% vs. 
31% for the 3 allergens) whereas IgE reactivity frequencies 
to Der p 1, 2, 10 and 21 were comparable in the 2 popula-
tions ( table 3 ). None of the subjects showed IgE reactivity 
to Der p 14 and Der p 20. The 5 non-mite-allergic subjects 
from the control group did not show IgE reactivity with 
any of the allergens tested (data not shown).

  Commercial D. pteronyssinus Extracts Show Different 
Allergenic Activity in Skin Prick Tests 
 SPTs were performed in 26 Italian mite-allergic sub-

jects using extracts 1–9 and in 19 French mite-allergic 
subjects applying extracts A–D. The wheal reactions in-
duced with the different  D. pteronyssinus  extracts varied 
considerably ( fig.  2 ). For extracts 1–9, the mean wheal 

area ( 8  SD) ranged from 46.4  8  44.4 mm 2  (extract 8) to 
107.0  8  83.5 mm 2  (extract 2), and for extracts A to D, 
from 36.9  8  8.0 mm 2  (extract C) to 58.4  8  24.9 mm 2  
(extract A). For the Italian patients, negative cutaneous 
reactions (wheal area  ̂  7 mm 2 ) were obtained for 8 of the 
26 mite-allergic subjects (Nos. 5, 7, 8, 14, 16, 17, 18 and 22) 
with at least 1 of the 9 extracts ( fig. 3 ). None of the 9 ex-
tracts diagnosed all mite-allergic subjects, and extracts 4, 
5 and 6 showed negative SPT results in 4 subjects or more. 
For the French patients, diagnosis could be done with ex-
tracts A–D, but the wheal reactions differed considerably 
( fig. 2 ). In all the subjects tested, histamine induced a pos-
itive wheal reaction, whereas the glycerol-saline control 
was negative. None of the 5 nonallergic subjects showed 
a cutaneous response with any of the extracts used (data 
not shown). No correlations were observed between Der 
p 1 and Der p 2 concentrations in the extracts and the 
mean wheal areas (data not shown).

  Discussion 

 The results of our study showed that certain natural  D. 
pteronyssinus  extracts lack important allergens and that 
the extracts show a considerable variability in allergen 
composition and content as well as in allergenic activity 
in SPT studies.

  The levels of the major allergens, Der p 1 and Der p 2, 
ranged from 6.0–40.8  � g ml –1  and from 1.7–45  � g ml –1 , 
respectively. This is similar to the differences described 
in a recent study by Brunetto et al.  [21]  (Der p 1: 9.6–36.2 
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  Fig. 2.  Variability of skin responses to 9  D. pteronyssinus  extracts (1–9) in the Italian population and to 4 extracts 
(A–D) in the French population. Wheal areas of the extracts and of histamine (H), expressed in mm 2  (y-axes), 
are presented in box plots (maximum, 3rd quartile, median value, 1st quartile and minimum). 
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 � g ml –1 , Der p 2: 0.7–31.7  � g ml –1 ). SPT studies with nat-
ural and recombinant Der p 1 and Der p 2 indicated that 
the best results were obtained with allergen concentra-
tions of 100  � g ml –1 , and that several allergic patients 
were not diagnosed with the major mite allergens when 
concentrations of less than 10  � g ml –1  were used for skin 
testing  [27, 33] . Der p 1 and Der p 2 levels  ! 10  � g ml –1  
were found in 4 and in 7 of our extracts, respectively. In 
addition, the Der p 1/Der p 2 ratios differed between 0.3 
and 8.1. As Der p 1 is predominantly a component of mite 
feces and Der p 2 of mite bodies, the different ratios might 
be caused by the source material used for extraction by 
the different manufacturers (e.g. mite bodies or mite cul-
ture)  [19, 32] . The contents of Der p 1 and 2 have been well 
investigated in allergen extracts  [21, 32] , but no studies 
have been performed to investigate mite extracts regard-
ing other important allergens such as Der p 5, 7, 10 and 
21  [5, 25, 26, 34, 35] . We found that certain of these aller-

gens were absent in 8 of the 10 extracts studied. As a con-
sequence, mite-allergic subjects who are highly sensitized 
to the other allergens may not be diagnosed with these 
extracts. We observed no correlation between Der p 1 or 
Der p 2 concentrations in the extracts and the intensity 
of the skin response indicating the importance also of 
other allergens (e.g. Der p 5, 7 and 21) for the biological 
response. In asthmatics, it has previously been shown 
that the late-phase bronchial response is more severe with 
a natural HDM extract than with the purified allergens 
Der p 1 or Der p 2, which also suggests the clinical rele-
vance of allergens other than Der p 1 or Der p 2  [23, 36] . 
Our results showed that in 30% of the Italian mite-aller-
gic subjects (8 subjects), negative SPTs were obtained with 
at least 1 of the extracts tested. These results are in agree-
ment with previous studies which also showed marked 
differences in results between extracts from different 
manufacturers  [37–40] . Interestingly, several patients 
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  Fig. 3.  Wheal areas to 9  D. pteronyssinus  
extracts (1–9) in mite-allergic subjects 
(No. 5, 7, 8, 14, 16, 17, 18 and 22) which 
could not be diagnosed with certain ex-
tracts. Wheal areas are expressed in mm 2  
with the cutoff at 7 mm 2 .  �  = Glycerol-
saline solution; H = histamine dihydro-
chloride 10 mg ml –1 . 
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who had negative SPTs with certain of the extracts were 
sensitized to Der p 1 but not to Der p 2 (Nos. 7, 14, 16 and 
17) ( fig. 3 ). The negative results with certain extracts may 
be due to their low levels of Der p 1. However, positive 
SPTs were obtained with some extracts which contained 
only tiny amounts of Der p 1. This may be caused by dif-
ferent sensitivity of patients and sensitization to other al-
lergens which were present in sufficient amounts in these 
extracts.

  The lack of certain important allergens from extracts 
might also have an influence on the success of immuno-
therapy. Certain allergens, such as Der p 5 or Der p 21 
elicit strong allergic reactions, but are not present in suf-
ficient amounts in the extracts to induce protective im-
mune responses during immunotherapy  [5, 25, 34] . To 
overcome this problem, it would be possible to spike nat-
ural extracts with allergens not present in sufficient 
amounts in these extracts – as has been shown for latex 
extracts  [41]  – to induce protective immune responses in 
immunotherapy.

  However, the content and ratio of allergens in extracts 
cannot be influenced; therefore, it would be advanta-
geous to use recombinant allergens for diagnosis and im-
munotherapy. These can be produced in large quantities 
and high purity with reproducible batch-to-batch consis-
tency. For certain allergen sources (e.g. grass pollen), pan-
els of recombinant allergens have been defined which are 
sufficient for the diagnosis and immunotherapy of aller-
gic patients  [42, 43] . Relevant allergens can also be fused 
in the form of recombinant hybrid molecules which con-
tain the allergens in 1 molecule  [44] . In fact, SPTs have 

shown that grass-pollen-allergic patients were diagnosed 
with a hybrid molecule consisting of 4 Timothy grass pol-
len allergens  [45] .

  In the case of mite allergy, more than 20 allergens have 
been identified so far and most of them were produced as 
recombinant allergens  [4, 5] . Recently, it was shown that 
a cocktail of only 4 mite allergens (Der p 1, 2, 5 and 7) was 
sufficient to diagnose all mite-allergic subjects in 4 dif-
ferent European populations (Austria, France, Italy and 
Sweden)  [22] . To identify the panel of HDM allergens nec-
essary for immunotherapy, the allergenic activity of indi-
vidual mite allergens has to be determined in order to 
identify those components with high clinical impor-
tance, as has been done recently for grass-pollen allergens 
 [42] .

  In summary, our study showed that commercially 
available  D. pteronyssinus  extracts lack certain important 
allergens and may therefore fail in the diagnosis and 
treatment of HDM-allergic patients. These problems 
might be overcome by the use of defined recombinant 
HDM allergens for diagnosis and in the near future for 
the immunotherapy of allergic respiratory diseases.
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