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Abstract

Background: Pepsin resistance of allergens like lipid
transfer protein and 2S albumin has been suggested as
explanation for the severity of symptoms often induced
by these allergens. Component-resolved diagnosis with
purified labile and stable allergens has therefore been
proposed to better characterize the riskinvolvedin a pos-
itive in vitro IgE test. However, for many foods, purified
allergens are not (yet) available. Objective: It was the aim
of this study to evaluate the potential of pepsin-digested
whole-food extracts to distinguish between IgE respons-
es to stable (potentially severe) and labile (mild) aller-
gens. Methods: Sera (n = 143) from ltalian, Spanish and
Dutch patients with hazelnut and/or apple ingestion-re-
lated symptoms were analyzed for residual IgE binding
to pepsin-resistant hazelnut and/or apple allergens. Con-
trol and pepsin-digested hazelnut and apple extracts
were used for radioallergosorbent test analysis and im-
munoblot analysis. Results: Pepsin digestion of food ex-

tracts, like from hazelnut and apple used for in vitro di-
agnostictests, provides away to distinguish sensitization
to pepsin-resistant allergens from that to pepsin-suscep-
tible allergens. In this selected group of patients, IgE re-
activity to pepsin-digested extracts correlated with sen-
sitization to the stable allergen lipid transfer protein. The
analysis further revealed that the use of soluble pepsin
can result in false-positive in vitro tests (2/143). Conclu-
sion: Pepsin-digested food extracts are a convenient tool
to identify patients with IgE antibodies against poten-
tially dangerous stable allergens, in particular for those
foods where the relevant stable allergens have not yet
been identified. This can increase the clinical prognostic
value of food allergy serology.

Copyright © 2005 S. Karger AG, Basel

Introduction

Essentially, food allergies can have two appearances,
1.e. a cross-reactive phenomenon linked to inhalant aller-
gies or a true food allergy. The best characterized example
of the former is allergy to fruits, nuts and some vegetables
in patients with birch pollinosis [1, 2]. The characteristic
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oftrue food sensitization is that the sensitization is caused
by consumption of the food, i.e. independent from sensi-
tization by the airways [3, 4].

A prerequisite for food allergens to be able to sensitize
is that they are (at least partly) resistant to proteolytic at-
tack in the gastro-intestinal tract. It is generally accepted
that this stability also determines whether a food allergen
is capable to cause severe systemic reactions. The most
important and first attack that a food allergen has to en-
dure is in the stomach by gastric fluid containing pepsin.
Since allergen stability is a decisive factor in the process
of sensitization and determines the potential of a protein
to induce severe food allergy, pepsin resistance of food
allergens has drawn a lot of attention [5]. So far, no con-
vincing data are available indicating that pollen-derived
pepsin-resistant allergens like lipid transfer proteins
(LTP) [6] and thaumatin-like proteins [7] act as primary
sensitizing agents and subsequently cause true food al-
lergy.

Introduction of novel proteins into crops has become
an important technique in agriculture to improve crop
yields and quality. Before genetically-modified organisms
can enter the market, an in-depth safety assessment is
required [8]. One of the elements of such an assessment
is a check for potential allergenicity of the transgene [9].
Evaluation of pepsin resistance is one of the requirements
[10], because allergen stability clearly is a risk factor. In
most cases, pepsin resistance of a novel food protein is
only assessed by SDS-PAGE analysis. Persistence of IgE
recognition is less commonly evaluated.

Since pepsin-resistant allergens have been implicated
to play an important role in determining the severity of
a food allergic reaction [4, 11], the use of pepsin-digested
food extracts for in vitro diagnosis of food allergy has
been proposed. IgE reactivity to pepsin-digested food ex-
tracts would be a risk factor for severe food allergy.

Theoretically, the digestion of proteins with pepsin
might alter the tertiary structure of the protein from ‘non-
sensitizing’ to ‘sensitizing’ and subsequently from ‘non-
IgE binding’ to ‘IgE binding’. In general, measurement of
IgE against these so-called ‘neo-epitopes’ is hampered,
since extracts or purified proteins used for in vitro diag-
nosis are not digested by pepsin.

In this study, we have evaluated the use of pepsin di-
gestion of food extracts for application in radioallergosor-
bent test (RAST) analyses. We have confirmed that pa-
tients can indeed be subdivided into two groups accord-
ingto the degree of recognition of stable allergens. Patients
were predominantly identified with IgE against pepsin-
susceptible allergens and with IgE against pepsin-resis-
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tant allergens. The analysis has also revealed that in rare
cases, IgE reactivity to porcine pepsin can be mistaken
for IgE reactivity to stable food allergens. Therefore, the
use of immobilized pepsin for digestion has preference
over soluble pepsin.

Material and Methods

Serum Samples

Sera of 143 subjects sensitized to hazelnut and/or apple with
hazelnut and/or apple ingestion-associated clinical symptoms were
used to study the influence of pepsin digestion on IgE binding to
these foods. Sera were retrospectively selected from serum panels
still available from earlier studies on plant food allergies [12-14].
The selection included 118 serum samples from Utrecht (The
Netherlands) of patients that had birch pollen-related hazelnut al-
lergy (oral allergy syndrome; OAS), 20 serum samples from Bollate
(Northern Italy) of patients with symptoms (OAS and/or more se-
vere symptoms) after hazelnut and/or apple ingestion (14 positive
for hazelnut and apple, 1 only for apple and 5 only for hazelnut),
and 5 serum samples from Avila and Madrid (Spain) with apple-
related symptoms (OAS and, in some cases, anaphylaxis). The
studies were reviewed and approved by the local Ethics Commit-
tees. All patients gave written consent before enrolment in the
study.

Two additional Dutch sera from patients with a clinical history
of hazelnut allergy were selected as representative sera for immu-
noblot analysis. One was a typical birch pollen (Bet v 1) cross-reac-
tive patient, the other had IgE antibodies against LTP.

Hazelnut and Apple Extracts

Hazelnut and apple extracts were prepared as described previ-
ously, essentially following the protocol described by Bjorksten et
al. [16]. In brief, grounded hazelnut or apple was extracted in a
buffer containing polyvinylpolypyrrolidone (PVPP) and diethyldi-
thiocarbamate. These reagents prevent loss of allergenicity by in-
hibiting oxidative processes mediated by polyphenyloxidases upon
disruption of the plant tissue. Polyphenols adsorb proteins and
thereby prevent oxidative processes by steric hindrance. In par-
ticular, Bet v 1-related food allergens (i.e. Cor a 1 in the case of
hazelnut and Mal d 1 in the case of apple) have been shown to be
lost due to these processes.

Hazelnut and apple extract were treated with pepsin, generally
as described previously [5]. In brief, simulated gastric fluid contain-
ing 0.32% (w/v) pepsin (Sigma, St. Louis, Mo., USA) or an equiva-
lent coupled to agarose (Sigma) was used to digest hazelnut or apple
extract (1 mg/ml protein) at pH 2. After 1 h incubation at 37°C, the
reaction was stopped by adjusting the pH to 7. In order to avoid
interference of pepsin during subsequent analysis, the hazelnut pro-
tein was also digested with agarose-immobilized pepsin (Sigma).

RAST and RAST Inhibition

RAST was performed as described previously [17]. In brief,
100 pg recombinant carrot LTP (kindly provided by Dr. S.C. de
Vries, Wageningen University and Research Centre, The Nether-
lands) or 4 mg hazelnut or apple extract (undigested or digested)
was coupled to 100 mg Sepharose (Amersham Pharmacia Biotech,
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Uppsala, Sweden). Fifty microliters serum was incubated overnight
with 0.5 mg Sepharose in a final volume of 300 wl PBS/0.3%
BSA/0.1% Tween 20 (PBS-AT). After washing away unbound
material with PBS/01.% Tween 20, bound IgE was detected by
overnight incubation with '>’I-radiolabeled sheep anti-human IgE.
After washing, bound radioactivity was measured in a y-counter.
Results were expressed in international units (IU) IgE per milliliter
using a standard curve of chimeric IgE anti-Der p 2 and Sepharose-
coupled recombinant Der p 2 [18].

For RAST inhibition, 50 pl serum was pre-incubated with
220 wg (boiled) pepsin or 210 pg hazelnut extract (in 50 l
PBS-AT) for 2 h prior to the addition of Sepharose-coupled pepsin-
digested hazelnut extract (1.5 mg Sepharose) in a final volume of
350 pul PBS-AT. The rest of the procedure was as described for the
RAST.

SDS-PAGE/Immunoblotting

For immunoblotting, hazelnut extract (pepsin digest) was sepa-
rated under reducing conditions by SDS-PAGE (5 p.g/lane) on a
Novex XCell IT system using a 4—12% gel (Novex, San Diego, Calif.,
USA), followed by immunoblotting to nitrocellulose according to
the manufacturer’s instructions.

Basophil Histamine Release Bioassay
The stripped basophil histamine release bioassay was performed
as described previously [19].

Skin Prick Test

Skin prick test with pepsin (range 0.002-1 mg/ml) was per-
formed as described previously [2] on the flexor aspect of a patient’s
forearm with a standardized prick needle (ALK Lancet) according
to Dreborg and Frew [20].

Results

Apple and hazelnut extracts were treated with pepsin
for 1 h and subsequently coupled to Sepharose. Both were
compared with untreated immobilized extracts by RAST
with serum samples of subjects sensitized to apple and
hazelnut, respectively. Both in the case of hazelnut RAST
results (fig. 1a) and apple RAST results (fig. 1b), IgE reac-
tivity was divided into sensitive (<40% of IgE binding
retained) and resistant (>40% retained) to pepsin diges-
tion.

Among the 11 Italian sera with sensitization to both
apple and hazelnut, all but two retained >40% of their IgE
reactivity to both pepsin-digested apple and pepsin-di-
gested hazelnut extract.

Sera (n = 32) were also tested for IgE reactivity to LTP.
Among sera that were classified as ‘sera with IgE against
allergens resistant to pepsin digestion’, 17/32 tested were
LTP positive. No sera with IgE against pepsin-sensitive
allergens were found to be LTP positive. Only 2/25 Ital-
1an and Spanish sera lost >40% of IgE against pepsin-re-
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Fig. 1. a RAST results obtained with Italian sera (n = 15) and Dutch
sera (n = 72). Hazelnut (control) or pepsin-digested hazelnut was
coupled to Sepharose. The dotted line indicates a digest/control
ratio of 0.4. A ratio <0.4 indicated the presence of IgE against pre-
dominantly pepsin-susceptible hazelnut allergens. IgE reactivity
<0.01 TU/ml was set to 0.01 IU/ml. b RAST results obtained with
Italian sera (n = 19), Dutch sera (n = 35) and Spanish sera (n = 5).
Apple (control) or pepsin-digested apple was coupled to Sepharose.
The dotted line indicates a pepsin digest/control ratio of 0.4. A ra-
tio <0.4 indicated the presence of IgE against predominantly pep-
sin-susceptible apple allergens. IgE reactivity <0.01 TU/ml was set
t0 0.01 TU/ml.

Int Arch Allergy Immunol 2005;138:203-208 205



Fig. 2. Hazelnut PVPP extract (odd lanes)
and immobilized pepsin-digested hazelnut
PVPP extract (even lanes) were subject to
SDS-PAGE (4-12%), followed by immu- 326 —
noblotting with serum No. 200 (lanes 1, 2)
and serum No. 768955 (lanes 3, 4). Bound

43 —>

IgE was detected with !*’I-radiolabeled

autoradiography.

Fig. 3. Hazelnut PVPP extract (lane 1) and
(soluble) pepsin-digested hazelnut PVPP 7.5 —>
extract (lane 2) was subjected to SDS-PAGE
(4-12%), followed by immunoblotting with
serum 2 (1.4 TU/ml IgE anti-hazelnut,
15.6 IU/ml IgE anti-pepsin-digested hazel-
nut).

sheep anti-human IgE in conjunction with 18 —> ’ .

Table 1. Prevalence of IgE against pepsin-resistant allergens was studied by RAST with sera from Italy, the Neth-

erlands and Spain

Sera Hazelnut ratio digest/control Apple ratio digest/control Carrot LTP
>0.4 IU/ml and
<0.4 =0.4 <0.4 =0.4 any ratio = 0.4
Italian 20 9/20 (45.0)  11/20(55.0) 2/19 (10.5) 17/19 (89.5) 10/18 (55.6)
Dutch 118 74/78 (94.9) 4/78 (5.1) 31/40 (77.5) 9/40 (22.5) 4/9 (44.4)
Spanish 5 - NT 0/5 (0.0) 5/5 (100.0) 3/5 (60.0)

Figures in parentheses are percentages. The ratio between residual IgE binding to pepsin-resistant hazelnut
and apple allergens and IgE against undigested hazelnut and apple extract was calculated. Furthermore, 32 sera
with IgE against stable allergens were analyzed for carrot LTP-specific IgE. NT = Not tested.

sistant apple allergens; for the Dutch sera, this was the
case in 31/40 (table 1).

To illustrate the sensitivity of IgE binding to pepsin
digestion of hazelnut extract for patients with IgE anti-
bodies against Cor a 1 and the contrasting resistance for
patients with IgE against Cor a 8 (LTP), an immunoblot
was performed (fig. 2). Clearly, the strong band observed
for Cor a 1 disappears almost completely upon pepsin
digestion. The LTP band is unaffected.

Two serum samples from hazelnut-sensitized Dutch
patients demonstrated low (1.7 and 1.4 IU/ml) IgE reac-
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tivity to hazelnut extract and high IgE reactivity (7.5 and
15.6 IU/ml) to pepsin-digested hazelnut extract in RAST
(fig. 1a). Immunoblot analysis (fig. 3) of the second serum
revealed the appearance of a very strong band at approx-
imately 40 kDa in the pepsin-digested hazelnut extract,
close to the molecular mass of porcine pepsin. This band
was not observed in the undigested extract. The results
strongly suggested that this serum contained IgE against
pepsin. This was confirmed by a hazelnut digest RAST
inhibition which was completely inhibited with pepsin
but not with hazelnut extract (data not shown). IgE against
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porcine pepsin was biologically inactive, as was demon-
strated by a negative basophil histamine release test and
skin prick test.

Discussion

This study analyzed anti-food IgE responses against
pepsin-resistant allergens and pepsin-susceptible aller-
gens. The study focused on IgE responses to apple and
hazelnut. Allergy to both foods belongs to the typical
birch pollen-related food allergies that are common in
Northern and Central Europe. The major birch pollen al-
lergen Bet v 1 plays a dominant role in this cross-reactive
syndrome. Food allergies linked to sensitization to Bet
v 1 are characterized by mild reactions, almost without
exception. This is explained by the nature of food homo-
logues of Bet v 1, like Mal d 1 from apple or Cor a 1 from
hazelnut, which are rapidly degraded in the gastro-intes-
tinal tract [21-24]. In contrast, fruit and tree nut allergy
in Mediterranean countries is rarely linked to birch pol-
len allergy and its clinical presentation is often more se-
vere. This has been explained by the important role of
sensitization to the stable food allergen LTP [15, 25]. Al-
though the retrospective selection of Italian and Spanish
sera for this study was certainly biased by the interest of
researchers in LTP sensitization, it is now well accepted
that sensitization to LTP is much more common in South-
ern Europe [26].

The clinical background of many of the patients in this
study was not completely documented. The retrospective
character of inclusion also meant that the recording of
symptoms lacks uniformity. However, it is now well ac-
cepted that sensitization to stable allergens is a risk factor
for severe systemic reactions [3, 14]. For some of the
Spanish and Italian patients, severe reactions were in-
deed reported. Some of the patients were also part of stud-
ies that were published earlier [13, 14]. The majority of
the Dutch patients demonstrated only OAS [12], which
is the typical presentation of fruit and tree nut allergy in
patients with birch pollinosis. In line with this clinical
background, the majority of serum samples from Dutch
patients lost most of their IgE reactivity to apple and ha-
zelnut after pepsin digestion. The relevance of pepsin di-
gestion as a tool to identify IgE responses to stable aller-
gens was confirmed by the association between a positive
response to LTP and to pepsin digest of whole-food ex-
tracts. A correlation of R; = 0.896 was found for IgE
against carrot LTP and pepsin-digested apple extract. Of
course, also pepsin-resistant allergens other than LTP can
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be involved in IgE binding. When allergenic extracts are
analyzed for stable allergens by means of pepsin diges-
tion, it is important to realize that soluble pepsin might
interfere with IgE binding. In that case, application of
immobilized pepsin is preferred.

Where individual pepsin-resistant (e.g., LTPs like Cor
a 8, Mal d 3) and pepsin-sensitive (e.g., Cora 1, Mal d 1)
allergens are available, the use of pepsin-digested food
extracts is no longer of much interest. In that case, com-
ponent-resolved diagnosis [27, 28] with purified (natural
or recombinant) allergens is the correct method. How-
ever, pepsin-digested food extracts are very useful addi-
tions for food allergy diagnosis in cases where purified
stable and labile major food allergens are not yet available
at all or only partly.

In summary, this study has confirmed that the use of
pepsin-digested food extracts is a good alternative to the
application of purified allergens as long as these reagents
are not available. It offers the possibility to make a better
assessment of the risk of a positive diagnostic test for food
allergy with respect to potential severity of clinical reac-
tions.

Acknowledgements

The authors would like to thank Mrs. N.I.L. Derksen for provid-
ing different preparations of porcine pepsin. This work was finan-
cially supported by a grant from the Food Allergy Research and
Resource Program from the University of Nebraska, Lincoln,
Nebr., USA, and by a grant from the Allergy and Immunology In-
stitute of the International Life Sciences Institute (ILSI) Research
Foundation (Washington, USA). The opinions expressed herein are
those of the author(s) and do not necessarily represent the views of
ILSI. Part of this work is a contribution of the University of Ne-
braska Agricultural Research Division, Lincoln, Nebr., USA, Jour-
nal Series No. 14522.

Int Arch Allergy Immunol 2005;138:203-208 207



> 10

References

Breiteneder H, Ebner C: Molecular and bio-
chemical classification of plant-derived food
allergens. J Allergy Clin Immunol 2000;106:
27-36.

Wensing M, Akkerdaas JH, Van Leeuwen WA,
Stapel SO, Bruijnzeel-Koomen CA, Aalberse
RC, Bast BJ, Knulst AC, van Ree R: IgE to Bet
v 1 and profilin: cross-reactivity patterns and
clinical relevance. J Allergy Clin Immunol
2002;110:435-442.

Scheurer S, Lauer I, Foetisch K, Moncin MS,
Retzek M, Hartz C, Enrique E, Lidholm J, Cis-
tero-Bahima A, Vieths S: Strong allergenicity
of Pruav 3, thelipid transfer protein from cher-
ry, is related to high stability against thermal
processing and digestion. J Allergy Clin Immu-
nol 2004;114:900-907.

van Ree R: Clinical importance of cross-reac-
tivity in food allergy. Curr Opin Allergy Clin
Immunol 2004;4:235-240.

Astwood JD, Leach JN, Fuchs RL: Stability of
food allergens to digestion in vitro. Nat Bio-
technol 1996;14:1269-1273.

Pastorello EA, Farioli L, Pravettoni V, Orto-
lani C, Ispano M, Monza M, Baroglio C, Sci-
bola E, Ansaloni R, Incorvaia C, Conti A: The
major allergen of peach (Prunus persica) is a
lipid transfer protein. J Allergy Clin Immunol
1999;103:520-526.
Hoffmann-Sommergruber K, Witty M,
Campillo N, Krebitz M, Fuchs H, Ebner C,
Breitenbach M: Pru p 2, Mal d 2 and Cap a 1
are thaumatin allergens (abstract). Abstract
Book 2001.

Poulsen LK: Allergy assessment of foods or in-
gredients derived from biotechnology, gene-
modified organisms, or novel foods. Mol Nutr
Food Res 2004;48:413-423.

Nordlee JA, Taylor SL, Townsend JA, Thomas
LA, Bush RK: Identification of a Brazil-nut al-
lergen in transgenic soybeans. N Engl J Med
1996;334:688-692.

Mittag D, Akkerdaas J, Ballmer-Weber BK,
Vogel L, Wensing M, Becker WM, Koppelman
SJ, Knulst AC, Helbling A, Hefle SL, van Ree
R, Vieths S: Ara h 8, a Bet v 1-homologous al-
lergen from peanut, is a major allergen in pa-
tients with combined birch pollen and peanut
allergy. J Allergy Clin Immunol 2004;114:
1410-1417.

> 11

> 12

> 13

> 14

»15

> 16

> 17

> 13

Asero R, Mistrello G, Roncarolo D, de Vries
SC, Gautier MF, Ciurana CL, Verbeek E, Mo-
hammadi T, Knul-Brettlova V, Akkerdaas JH,
Bulder I, Aalberse RC, van Ree R: Lipid trans-
fer protein: a pan-allergen in plant-derived
foods that is highly resistant to pepsin diges-
tion. Int Arch Allergy Immunol 2001;124:67-
69.

Wensing M, Penninks AH, Hefle SL, Ak-
kerdaas J, van Ree R, Koppelman S, Bruijn-
zeel-Koomen C, Knulst AC: The range of min-
imum provoking doses in hazelnut-allergic
patients as determined by double-blind place-
bo-controlled food challenges. Clin Exp Allergy
2002;32:1757-1762.

Fernandez-Rivas M, van Ree R, Cuevas M:
Allergy to Rosaceae fruits without related pol-
linosis. J Allergy Clin Immunol 1997;100:728-
733.

Asero R, Mistrello G, Roncarolo D, de Vries
SC, Gautier MF, Ciurana CL, Verbeek E, Mo-
hammadi T, Knul-Brettlova V, Akkerdaas JH,
Bulder I, Aalberse RC, van Ree R: Lipid trans-
fer protein: a pan-allergen in plant-derived
foods that is highly resistant to pepsin diges-
tion. Int Arch Allergy Immunol 2000;122:20-
32.

Asero R, Mistrello G, Roncarolo D, Amato S:
Relationship between peach lipid transfer pro-
tein specific IgE levels and hypersensitivity to
non-Rosaceae vegetable foods in patients al-
lergic to lipid transfer protein. Ann Allergy
Asthma Immunol 2004;92:268-272.
Bjorksten F, Halmepuro L, Hannuksela M, La-
hti A: Extraction and properties of apple aller-
gens. Allergy 1980;35:671-677.

Calkhoven PG, Aalbers M, Koshte VL, Pos O,
Oei HD, Aalberse RC: Cross-reactivity among
birch pollen, vegetables and fruits as detected
by IgE antibodies is due to at least three distinct
cross-reactive structures. Allergy 1987;42:
382-390.

Schuurman J, Perdok GJ, Lourens TE, Parren
PW, Chapman MD, Aalberse RC: Production
of a mouse/human chimeric IgE monoclonal
antibody to the house dust mite allergen Der p
2 and its use for the absolute quantification of
allergen-specific IgE. J Allergy Clin Immunol
1997;99:545-550.

208

Int Arch Allergy Immunol 2005;138:203-208

» 19

20

»21

» 22

23

» 24

» 25

» 26

» 27

» 28

Kleine Budde I, de Heer PG, van der Zee JS,
Aalberse RC: The stripped basophil histamine
release bioassay as a tool for the detection of
allergen-specific IgE in serum. Int Arch Allergy
Immunol 2001;126:277-285.

Dreborg S, Frew A: Allergen standardisation
and skin tests. Allergy 1993;48(suppl 114):49—
82.

Hirschwehr R, Valenta R, Ebner C, Ferreira F,
Sperr WR, Valent P, Rohac M, Rumpold H,
Scheiner O, Kraft D: Identification of common
allergenic structures in hazel pollen and hazel-
nuts: a possible explanation for sensitivity to
hazelnuts in patients allergic to tree pollen. J
Allergy Clin Immunol 1992;90:927-936.
Vanek-Krebitz M, Hoffmann-Sommergruber
K, Laimer da Camara MM, Susani M, Ebner
C, Kraft D, Scheiner O, Breiteneder H: Clon-
ing and sequencing of Mal d 1, the major al-
lergen from apple (Malus domestica), and its
immunological relationship to Bet v 1, the ma-
jor birch pollen allergen. Biochem Biophys Res
Commun 1995;214:538-551.

Holm J, Baerentzen G, Gajhede M, Ipsen H,
Larsen JN, Lowenstein H, Wissenbach M,
Spangfort MD: Molecular basis of allergic
cross-reactivity between group 1 major aller-
gens from birch and apple. J Chromatogr B
Biomed Sci Appl 2001;756:307-313.
Fernandez RM: Cross-reactivity between fruit
and vegetables. Allergol Immunopathol (Madr)
2003;31:141-146.

van Ree R: Clinical importance of non-specific
lipid transfer proteins as food allergens. Bio-
chem Soc Trans 2002;30:910-913.
Ballmer-Weber BK: Lipid transfer protein as a
potential panallergen? Allergy 2002;57:873—
875.

Valenta R, Lidholm J, Niederberger V, Hayek
B, Kraft D, Gronlund H: The recombinant al-
lergen-based concept of component-resolved
diagnostics and immunotherapy (CRD and
CRIT). Clin Exp Allergy 1999;29:896-904.
Ballmer-Weber BK, Scheurer S, Fritsche P, En-
rique E, Cistero-Bahima A, Haase T, Wuthrich
B: Component-resolved diagnosis with recom-
binant allergens in patients with cherry allergy.
J Allergy Clin Immunol 2002;110:167-173.

Akkerdaas/Wensing/Asero/Rivas/Knulst/
Bolhaar/Hefle/Aalberse/van Ree





