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Summary

Background There is very limited information comparing T-cell responses to different

house dust mite (HDM) allergens even though T cells are essential in the initiation and

regulation of immunoglobulin (Ig) E synthesis and eosinophilia.

Objective To compare the level of T-cell proliferation and cytokine production to the

group 1 and group 7 HDM allergens which are known to have different IgE-binding

capabilities.

Methods Freshly isolated peripheral blood mononuclear cells (PBMC) from HDM-

allergic and HDM-nonallergic donors were stimulated with the group 1 and group 7

allergens of Dermatophagoides pteronyssinus and the level of proliferation as well as IL-5

and IFNg production were measured.

Results The proliferative and IL-5 production to the group 1 and group 7 allergens were

equivalent despite the group 7 allergen's lower frequency of IgE-binding. However more

IFNg was produced to Der p 7 than to Der p 1, particularly for the nonallergic donors. As

expected IL-5 production was much higher for PBMC from the allergic donors than for cells

from nonallergics; however, there was no difference in the level of T-cell proliferation

between the donor groups.

Conclusion The relative importance of the individual HDM allergens is normally

determined by measuring the frequency of IgE-binding to the allergen in sera from an

allergic population. The equivalent increased IL-5 response of PBMC from allergic people

to the group 1 and group 7 allergens despite the different IgE-inducing activity indicates that

these allergens may be equally capable of contributing to an asthmatic response by inducing

eosinophilia.
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Introduction

At least 15 different HDM allergens have been identi®ed

and the majority have been characterized by cDNA cloning.

The relative importance of these individual allergens has

traditionally been assessed by their ability to bind to IgE

from the sera of allergic patients. Few studies have com-

pared T-cell responses to the individual HDM allergens

even though it is well established that T cells are essential in

the initiation and regulation of IgE synthesis and induction

and maintenance of eosinophilia. Moreover, individuals

who contain allergen-speci®c IgE in their sera (allergics)

have a bias in generating T helper 2 (Th2) cytokines (IL-4

and IL-5) [1±4], and the production of these cytokines per

se can be a primary cause of allergic in¯ammation in

allergic individuals, particularly via IL-5 which is essential
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for the selective terminal differentiation of eosinophil pre-

cursor cells and their survival in in¯amed tissues [5,6,8].

Information on T-cell responses to individual HDM

allergens other than the major group 1 and group 2 allergens

is limited. The group 1 and 2 allergens are the most

extensively studied allergens and are presumably the most

important because they frequently bind IgE in allergic sera

(80±100%) at high titre, and are major components in house

dust [9±11]. Allergen groups 3, 9, 10 and 11 also bind IgE at

a high frequency (70±100%) and titre [12±16]; and groups

5 and 7 react with IgE in 50% of sera at high titre [17±19].

The binding by the group 6 allergen is moderate [15±20]

and the degree of IgE-binding to groups 4, 8, 12, and 13 has

not been quanti®ed in relation to the other allergens. There

have only been two studies comparing T-cell responses to

individual af®nity puri®ed HDM allergens, namely between

the group 1 and group 2 allergens, and the level of T-cell

proliferation to these two allergens was generally well corre-

lated in individual subjects [21,22]. Although many of the

studies have shown that the magnitude of T-cell recognition to

an allergen is generally higher in allergic than nonallergic

groups [7,21±28], it is now clear that both groups contain

allergen-speci®c T cells in their peripheral immune popula-

tions [29±35]. This is supported by the ®nding that all subjects

have IgG antibody to mite allergens [36,37].

In this study, we compared the level of T-cell prolifera-

tion and the cytokine pro®le (Th1/Th2) to two different

HDM allergens which induce IgE at different frequencies.

The aim was to determine whether the group 7 allergens,

which only induce IgE in 50% of HDM-allergic patients,

stimulated T cells to release Th2 cytokines at a lower

frequency and magnitude than the group 1 allergens, as

might be expected from the IgE-binding data, particularly in

HDM-allergic subjects who did not produce anti-Der p 7

IgE. Despite the reported difference in IgE reactivity, the

proliferative and IL-5 responses to the group 1 and group 7

allergens were about the same for all individuals and some

of the HDM-allergic donors who did not contain IgE against

Der p 7 in their sera still produced high levels of IL-5. A

difference in responses was however, noted for IFNg produc-

tion. PBMC, especially for the nonallergic donors, produced

higher levels of IFNg to Der p 7. These results indicate that

allergens which bind IgE at a lower frequency than the high

IgE-binding allergens may have the potential to contribute

equally well in allergic in¯ammation via non-IgE-mediated

mechanisms such as cytokine release from T cells.

Methods

Study population

Peripheral blood was obtained fresh from 26 donors (18

females, eight males; age range 21±50) recruited from

laboratory staff and the general population. Serum was

extracted for measurement of speci®c IgE to house dust

mite and rye pollen using the Pharmacia CAPS system (a

RAST score $ 2 on a scale of 1±6 was considered positive),

and for the measurement of speci®c IgE against Der p 7 by

dot-blot analysis. The RAST analysis was kindly done by Dr

Richard Loh of the Immunology Department at Princess

Margaret Hospital for Children (Perth, Western Australia).

Fifteen of the 26 subjects had no symptoms of allergic

disease (asthma, rhinitis or dermatitis) and were RAST-

negative to dust mite and pollen. The remaining 11 subjects

were RAST-positive to the HDM allergen and displayed one

or more allergic symptoms.

Culture Medium

Cells were cultured using AIM-V lymphocyte medium

(Gibco, New York, USA). This medium contains DMEM

and F12 media, supplemented with unspeci®ed amounts of

human albumin, insulin, transferrin, lipids, L-glutamine,

streptomycin, gentamycin, and HEPES buffer. The addition

of 2-mercaptoethanol (4 ´ 10ÿ5 M; BDH) was done in

house.

Allergens

Natural Der p 1 and Der p 7 were puri®ed by af®nity

chromatography from spent mite medium using the 4C1

mAb against Der p 1 and the WH9 mAb against Der p 7

using the method described in Chua et al. [38]. The Der p 7

preparation showed major bands at 31 and 30 kDa by

Coomassie-stained SDS-PAGE and a less prominent band

at 26 kDa in keeping with results of previous studies show-

ing multiple glycosylation products. Der p 1 ran at 25 kDa.

Tuberculin puri®ed protein derivative (PPD) and dried

HDM were purchased from CSL Limited (Melbourne,

Australia) and were included in each tissue-culture assay

as positive controls at 30 mg/mL, respectively. Preliminary

work found the optimal T-cell proliferation and cytokine

release was obtained at 30 mg/mL for each allergen so this

concentration was used.

Cell extraction and proliferation assays

Blood was collected and diluted with an equal volume of

RPMI containing preservative free heparin. PBMC were

isolated on a density gradient (Lymphoprep, Nycomed,

Norway), washed three times in RPMI, and resuspended

in AIM-V culture medium. The cells from 10-allergic and

15-nonallergic donors were seeded at 2 ´ 105 cells/well in

96-well round-bottom trays in a volume of 200 mL. The

allergens, PPD and recombinant glutathione-S-transferase

(GST) from Shistosoma japonicum were added in triplicate
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to the cell cultures at 30 mg/mL, and control wells contained

no antigen. Following incubation at 37 8C in 5% CO2 for

5 days, DNA synthesis was measured by adding 3H thymi-

dine (0.5 mCi; DuPont). Thymidine uptake was assayed by

harvesting the cultures onto glass®bre ®lter mats 16±18 h

later and counting thymidine incorporation using a Packard

Matrix 9600 beta counter. The allergens were considered to

be causing proliferation if the stimulation index (SI) $ 3.0,

where SI � mean of wells containing antigen/mean of

control wells.

Cytokine assays

The cells from 11-allergic and 14-nonallergic donors were

seeded at 3 ´ 106 cells/well in 24-well plates in a 2-mL

volume for the measurement of IL-5 and IFNg production.

The allergens and PPD were added to the cells individually

at 30 mg/mL. Supernatant was harvested on day 4 and day 6

for the measurement of IL-5 and IFNg, respectively. IL-5

was measured using the BAF-BO3 bioassay as described

previously [39] which was sensitive to 1 pg/mL. IFNg was

measured using the Pelikine ELISA kit (CLB, Amsterdam,

the Netherlands) and the sensitivity of the kit was approxi-

mately 10 pg/mL.

Dot-blot analysis

IgE against Der p 7 was measured by dot-blot analysis using

enhanced chemiluminescence (ECL; Amersham Life

Sciences Ltd, Little Chalfont, England). Brie¯y, 2 mg of

Der p 7 and 0.2 mg of hyper-IgE sera were dotted onto

Hybond-PVDF (Amersham Life Sciences Ltd), the mem-

brane was blocked for 1 h in 5% skim milk/0.1% Tween 20/

PBS at room temperature, then the membrane was incubated

overnight at 4 8C in serum diluted 1 : 1 in 5% skim milk/

0.1% Tween 20/PBS after washing in 0.1% Tween 20/PBS

(PBS-T). The 2-mg dot of Der p 7 was used based on

titrations showing that maximum IgE-binding of high titre

sera was reached at 1 mg. The membrane was incubated for

1 h in a secondary mouse antihuman IgE antibody [38],

followed with 1 h incubation in a tertiary antimouse Ig

horseradish peroxidase antibody (Amersham Life Sciences

Ltd, Little Chalfont, England), with washing in PBS-T

between the steps. The antibodies were diluted in PBS-T

and the optimal dilutions were determined in preliminary

experiments. The membrane was ®nally incubated with

ECL detection reagent which emits light as a signal which

can be detected by exposing the membrane to auto-

radiography ®lm. For each sera, IgE was dotted onto the

membrane as a positive standard and used to normalize the

IgE-binding. The IgE gave a linear signal from 1 ng to over

200 ng/dot. Depletion of IgG was performed by passing

2 mL of a 1/2 dilution of serum through a 5-mL protein G Hi

Trap column with 20 mg/mL IgG-binding capacity (Amer-

sham Pharmacia Biotech UK Ltd).

Statistical analysis

Differences between experimental groups were assessed by

either the paired Wilcoxon signed rank test or by the

unpaired Mann±Whitney U-test. Probabilities less than or

equal to 0.05 using the Instat statistical package (GraphPad

Software, CA, USA) were considered signi®cant.

Results

Dose-response of T-cell proliferation to the group 7

allergen

Preliminary dose±response experiments were performed to

determine the optimal allergen concentration for the use in

the proliferation assays and to assess whether the group 1

and group 7 allergens activated the cells in a similar dose±

response manner. PBMCs from six donors were induced

with Der p 1 and Der p 7 at concentrations from 0.1 to 30 mg/

mL and the cells were assayed at day 6. Table 1 shows the

mean response of the six donors to the various Der p 1 and

Der p 7 concentrations. Maximal proliferation was induced

with either 10 or 30 mg/mL for the group 1 and group 7

allergens. For the subsequent experiments, 30 mg/mL was

used for each allergen.

Proliferative T-cell responses to the group 1 and group 7

HDM allergens

PBMCs from 10-allergic and 15-nonallergic donors were

stimulated with 30 mg/mL of af®nity puri®ed Der p 1 and

Der p 7. The responses are presented as a stimulation index

(SI) (Fig. 1). The proliferation to the group 1 and 7 allergen

groups was the same and almost 100% of the cells from the

allergic and nonallergic donor groups reacted strongly.

There was a high correlation (r� 0.634; P < 0.001) between

the responses to Der p 1 and Der p 7 (Fig. 2). Several

subjects did not show signi®cant responses even though

they responded to PPD showing the allergens are not

mitogens.

Cytokine responses to the group 1 and group 7 allergens

PBMCs from 11-allergic and 14-nonallergic donors were

stimulated with the group 1 and group 7 allergens of D.

pteronyssinus. Supernatant was collected on day 4 and day 6

for the measurement of IL-5 and IFNg, respectively. Pre-

vious experiments had shown that it was not possible to

detect IL-4 by the Pelikine ELISA kit (sensitivity < 2 pg/

mL). A summary of the level of T-cell proliferation and
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cytokine production to the individual allergens is listed in

Table 2. The production of IL-5 was signi®cantly higher

(P < 0.005) for the allergic donors than for the nonallergic

donors to both allergens, as was the ratio of IFNg/IL-5

production for the nonallergic groups. The nonallergic
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Table 1. Dose±response study of PBMCs from six donors to Der p 1 and Der p 7

Donor

A B C D E F Mean 6 SEM

Der p 1

0 2812 1298 2505 3967 4440 3712 3122 6 469

0.1 3128 1552 5610 8092 7170 5940 5248 6 1009

0.3 4065 1515 4605 7740 7380 6622 5321 6 972

1 3570 1890 4770 6510 9428 5872 5340 6 1060

3 3705 1972 10485 14768 9758 9728 8402 6 1930

10 14175 4350 16522 14692 12578 23505 14304 6 2529

30 22612 4118 31748 24098 31568 21308 22575 6 4121

Der p 7

0 2812 1298 2505 3967 4440 3712 3122 6 469

0.1 6112 1988 5872 13305 6450 7680 6901 6 1502

0.3 4590 2565 9450 10208 4642 7372 6471 6 1235

1 11962 2948 20062 8370 4140 24278 11960 6 3524

3 37822 8040 22252 15922 15368 20062 19911 6 4098

10 44812 49928 32880 26250 25538 32918 35387 6 4054

30 47235 35100 39015 52972 32295 32865 39914 6 3444

Fig. 1. T-cell proliferation of allergic (W) and nonallergic (X)

donors to Der p 1 and Der p 7. No defference was found between

stimulation induced by Der p 1 or Der p 7 or between the

proliferation responses of PBMCs from allergic and nonallergic

donors. T-cell proliferation is given as the stimulation index (SI)

which is calculated by dividing the mean of the wells containing

antigen with the mean of the control wells. The bar represents the

mean SI for all donors to the individual HDM allergens.

Fig. 2. Correlation of SIs of PBMCs in parallel assays to Der p 1

and Der p 7 (r� 0.634; P < 0.001).



group included two subjects allergic to allergens other than

mite and expectedly they did not make elevated levels of IL-

5. Of particular importance the cells of the allergic donors

produced similar amounts of IL-5 to the Der p 1 and Der p 7

allergens even though Der p 7 is reported to bind to IgE at a

lower frequency than the group 1 allergen. Moreover, the

correlation between the level of IL-5 production to the

group 1 and group 7 allergens was extremely strong

(r� 0.959; P < 0.001) (Fig. 3). Although the production of

IFNg per se appeared higher for the nonallergic than for the

allergic group, this did not reach statistical signi®cance. The

correlation of IL-5 and IFNg production for the individual

donors is shown in Fig. 4. The cells from both the allergic

and nonallergic donor groups produced signi®cantly higher

levels of IFNg to Der p 7 than to Der p 1 (P < 0.05). This was

particularly noticeable with the PBMC from nonallergics in

Fig. 4.

A distinct pattern emerged when a comparison between

the level of proliferation (SI) and the level of cytokine

production (IL-5 and IFNg) to the allergens was carried out.

There was a positive correlation between the SI and level of

IFNg production, and no correlation between the SI and the

level of IL-5 production when the cells from the individual

donors were stimulated with the natural allergens as shown

for Der p 1 in Fig. 5.

IgE-binding to the group 7 allergen

To compare the level of IgE-binding and IL-5 production to

Der p 7 for the individual HDM-sensitized donors, the ratio

of Der p 7-speci®c IgE for nine of the 11 donors was

measured by dot-blot analysis. This analysis was also the

®rst to use the natural group 7 allergen. The previously

reported studies used the recombinant (GST fusion) aller-

gen. The percentage of binding of the individual sera was

assessed by comparing the degree of binding to the indivi-

dual allergens with the strength of signal of reactivity to

hyper-IgE. The results of this analysis found no correlation

between the level of IgE binding and the production of IL-5

to Der p 7 (Fig. 6). Individuals with no or almost undetect-

able anti-Der p 7 IgE produced high levels of IL-5. There

was also no correlation (or inverse correlation) with IFNg.

Two serum samples with very low IgE-binding were

depleted of IgG with a protein G column and re-assayed.

The IgE-binding in both cases was only marginally

increased by 4%.

Discussion

The elevated secretion of IL-5 from T cells has been

proposed as a primary cause of allergic in¯ammation in
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Table 2. A summary of the level of T-cell proliferation (SI) and cytokine responses* to the individual group 1 and group 7 allergens of D.

pteronyssinus from HDM-allergic and nonallergic donors

Proliferation (SI) IL-5 (pg/mL) IFNg (pg/mL) IFNg/IL-5 ratio

Allergic Nonallergic Allergic Nonallergic Allergic Nonallergic Allergic Nonallergic

Der p 1 8.02 6 3.0 8.62 6 1.9 55 6 12.7² 3.6 6 1.0 352 6 218 806 6 384 18 6 8.9 240 6 87§

Der p 7 9.53 6 1.7 8.64 6 1.4 54 6 9.5² 10.9 6 3.6 595 6 305³ 1276 6 379³ 26 6 14 279 6 123§

*Results are presented as means (6 SEM) of the level of proliferation and cytokine production to the individual HDM allergens. ²The level

of IL-5 production was signi®cantly higher for the allergic donors than for the nonallergic donors. ³The level of IFNg production to Der p 7

was higher than what was found for Der p 1 for both donor groups. §The IFNg/IL-5 ratio was signi®cantly higher for the nonallergic group

than for the allergic donor group.

Fig. 3. Correlation of IL-5 production of PBMCs from HDM-

allergic individuals to Der p 1 and Der p 7 (r� 0.959; P < 0.001).



asthma. Several in vivo and in vitro studies have strongly

indicated that the eosinophil as the major cell type involved in

mild and severe asthma and in the production of seasonal

rhinitis. Patients show selectively elevated levels of eosino-

phils in the bronchial mucosa, and bronchial and nasal lavage

[40±47]. Moreover, T cells from bronchoalveolar lavage and

bronchial biopsies express elevated levels of mRNA for IL-4

and IL-5 [48,49]. Asthma is associated with high IgE-binding

to HDM extracts but only about 30% of subjects with high IgE

antibody levels develop disease and the risk of developing

disease is similar over a wide range of IgE anti-HDM titre

[50]. A study by Chang showed that IgE-binding was not

directly related to the ability of the patients T cells to produce

IL-5, but the production of IL-5 was related to asthma [7].
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Fig. 4. The level of IL-5 and IFNg production of PBMCs from 11 atopic (W) and 14 nonatopic (B) donors to the group 1 and group 7

allergens of D. pteronyssinus. The cells were stimulated with 30 mg/ml of each allergen and the supernatants were harvested at day 4 and

day 6 for the respective measurement of IL-5 and IFNg.

Fig. 5. The correlation between the level of T-cell proliferation and IFNg production to Der p 1 was positive (r� 0.485; P< 0.05) whereas a

negative correlation was found between the level of T-cell proliferation and IL-5 production (r� 0.207).



Traditionally the importance of allergens has been judged

by IgE-binding characteristics. Little work has been done

comparing T-cell reactivity to different allergens, particu-

larly with respect to cytokine production. It was therefore of

interest to compare the cytokine response induced by the

major Der p 1 allergen which induces IgE in almost all

allergic subjects and Der p 7, an allergen which only binds

IgE in 50% of sera from mite-allergic subjects. The results

showed that not only did the T cells from every individual

respond to Der p 7, but the amount of proliferation and IL-5

production was the same as the major allergen Der p 1. It had

previously been determined that only about 50% of HDM-

allergic subjects had IgE to Der p 7 and it is shown here that

individuals without detectable serum anti-Der p 7 IgE pro-

duced high levels of IL-5 to this allergen. The association with

IL-4 would be interesting but it could not be measured in

primary PBMC cultures. Serum depleted of IgG by protein G

did not show a marked increase in IgE-binding so interference

of IgG antibodies in the assays was not a signi®cant factor.

The proliferation to Der p 1 and Der p 7 was the same for

cells from allergic and control subjects but the responses of

allergic subjects were clearly distinguished by their high

IL-5 production. Cells from nonallergic subjects tended to

produce more IFNg than cells from allergic subjects which

was, although not signi®cantly different by itself, seen when

expressed as a ratio of IFNg to IL-5.

The ®nding that the PBMC from nonallergic subjects

responded as well as allergic subjects in proliferation assays

has been observed previously. Some reports do show an

increase proliferation for PBMC from allergic subjects but

this is not universal and in most studies there is considerable

overlap [21±28,33±51]. The most clear increase in T-cell

responses to allergens found by O'Brien was for patients

with multiple allergies and high IgE immunoglobulin levels

[21]. Patients only allergic to mite had a modest elevation in

response. It is clear that in ef®cient culture systems, where

the PBMC from all the allergic subjects have signi®cant

stimulation, that the sensitization of cells from nonallergic

subjects can readily be demonstrated. This is in keeping

with their ability to produce IgG antibody [36,37].

The T-cell responses to Der p 1 and Der p 7 differed in

only a single aspect. Der p 7 induced more IFNg release

than Der p 1 which was signi®cant for the results from

allergic and nonallergic groups but was most noticeable for

the nonallergic donors. This could be related in some way to

the decreased frequency of IgE production to Der p 7 but not

directly because the individuals without IgE didn't make

higher quantities of IFNg than subjects with IgE. Since

allergens are presumably inhaled as a mixture, the IFNg

induced to allergens like Der p 7 could also be important in

the regulation of responses to other allergens. Similarly, the

ability to produce more IFNg to Der p 7, and possibly other

allergens, suggests that cross-regulation of cytokines could

be important in immunotherapy and that the major allergens

may not be the best targets. The difference in the IFNg

response between Der p 1 and Der p 7 also shows the T-cell

responses measured here are characteristic for each allergen.

An interesting aspect of the anti-IgE antibody production

to Der p 7 is that while only 50% of HDM-allergic people

have antibody, the titre of the responders are as high as those

to the major allergens. Given that this is not because they are

nonresponders to the allergen, there must be some tight

regulatory mechanisms or threshold in¯uence on the

response. In the few studies performed on T-cell responses

to different allergens the results have shown an excellent

correlation. This has been found in comparison of the

proliferation induced by the major allergens to Der p 1

and Der p 2 [21] and by comparing the major allergens Der f

2 and Mag3 [27]. We show a correlation between the

proliferation to Der p 1 and Der p 7. When comparing the

correlation of cytokine production and T-cell proliferation it

was clear that this was most apparent for proliferation and

IFNg, but not for IL-5. This is in keeping with the ability of

Th1 clones to produce more IL-2 than Th2 clones [1,53].

The report of WuÈrtzen comparing the responses to a

major grass extract and the responses to the major allergen

Phl p 5 has similarities to the present study [28]. Both

allergic and nonallergic populations had strong T-cell sti-

mulatory responses to grass extract and Phl p 5 although the

cells from the allergic group were statistically higher.

Several patients with IgE antibody to grass extract had
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Fig. 6. There was no correlation (r� 0.068) between the level of

IL-5 production and the degree of IgE-binding to the natural Der p

7 allergen for the allergic donor group.



T-cell responses to the major allergen Phl p 5 in the absence

of anti-Lol p 5 IgE antibody. Previous studies which

compared T-cell proliferation and speci®c IgE antibodies

to Der p 1 and Der p 2 showed a similar result in that some

HDM-allergic patients produced T-cell stimulation to Der p

1 or 2 but did not produce IgE [22]. The cells from nearly all

the grass-allergic patients produced IL-5 to Phl p 5 but there

was no correlation with IL-5 and IgE antibody levels. The

pure Phl p 5 allergen did not induce high IFNg titre but the

whole Phl p extract did. This has similarities to the major

allergens Der p 1's inability to induce IFNg compared to the

lesser allergens Der p 7 in our study.

The role of the allergen Der p 7 in sensitization and

disease needs to be considered. It clearly can sensitize T

cells to produce IL-5 to the same degree as Der p 1 and this

activity could make it an important allergen for all HDM-

allergic patients. The increased induction of IFNg compared

to Der p 1 could be an ameliorating factor. It is possible that

different thresholds of allergen are required to cause sensi-

tization and to induce suf®cient quantities of IL-5 to

produce disease, but this is not known. Der p 7 is present

in 40-fold less concentration than Der p 1 in extracts but

there are no measurements of its concentration accumulated

in the environment or the amount inhaled after exposure to

mites. Extracts show a signi®cant amount of degradation

products of Der p 7 so the standard techniques used to

measure the amount of allergen per gram of dust extract

(usually made after storage) may not be an accurate re¯ection

of the amount inhaled from the exposure to live mites. In any

case, even using 1/40 of the Der p 1 level as an estimate, it still

can achieve high levels in dust in areas of infestation where

levels of 100 mg of Der p 1 per gram of dust are not

uncommon. The level of < 1 mg/mL in extracts however, is

not a suf®cient dose to induce in vitro T-cell responses or to

contribute signi®cantly to the assessment of IgE anti-HDM

extract antibody titre. It may therefore be useful to develop

allergen preparations with more of this allergen.
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