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Background: Pollen from trees of the order Fagales are impor-
tant allergen sources in most parts of the world. Clinical,
immunochemical, and molecular biology studies indicate that
they contain cross-reactive allergens. The major birch pollen
allergen, Bet v 1, and birch profilin, Bet v 2, a highly cross-
reactive allergen, have been cloned and expressed in
Escherichia coli.
Objective: The purpose of this study was to demonstrate the
presence of allergens in Fagales pollens that share IgE epitopes
with recombinant Bet v 1 and Bet v 2 and to determine the
percentage of birch, alder, hornbeam, hazel, and oak
pollen–specific IgE that can be preabsorbed with rBet v 1 and
rBet v 2 from 102 sera of different populations of subjects
allergic to Fagales tree pollen.
Methods: The presence of rBet v 1– and rBet v 2–homologous
allergens in tree pollen extracts was investigated by IgE
immunoblot inhibition experiments, and the percentage of tree
(birch, alder, hornbeam, hazel, and oak) pollen–specific IgE
that was bound by a mixture of rBet v 1 and rBet v 2 was
determined by RAST-based quantitative IgE inhibition experi-
ments. The clinical significance of IgE antibody cross-reactivi-
ty was studied by skin prick testing with rBet v 1, rBet v 2,
and Fagales pollen extracts.
Results: Natural birch, alder, hornbeam, hazel, and oak pollen
contain allergens that share IgE epitopes with rBet v 1 and
rBet v 2. A combination of rBet v 1 and rBet v 2 accounted for

82% of tree pollen–specific IgE on average. Most of the tree
pollen–specific IgE was directed against rBet v 1.
Conclusion: rBet v 1 and rBet v 2 contain most of the Fagales
pollen–specific IgE epitopes and may therefore substitute nat-
ural tree pollen extracts not only for diagnosis but also for
patient-tailored immunotherapy of tree pollen allergy. (J Aller-
gy Clin Immunol 1998;102:579-91.)

Key words: Recombinant birch pollen allergens, Bet v 1, profilin
(Bet v 2), cross-reactivity, immunoabsorption, skin prick testing,
tree pollen allergy

Pollen of trees belonging to the order Fagales (birch,
alder, hazel, hornbeam, and oak) are important elicitors of
allergic symptoms in the northern parts of Europe, North
America, East Asia, Northwest Africa, and certain parts of
Australia.1-3 The prevalence of allergy to pollens of trees
belonging to the Fagales order has been estimated to be
20% of the allergic individuals in Europe.4,5 Birch was
identified as the most relevant allergen source among the
Fagales trees for 2 reasons: (1) population studies indicat-
ed that most of the patients allergic to tree pollen are sen-
sitized primarily to birch pollen and less to other Fagales
pollens,4,6 and (2) birch pollen contained most of the IgE
epitopes present in pollen of other Fagales species.6

The immunochemical and molecular characterization
of the major tree pollen allergens has therefore led to the
definition, purification, and partial amino acid sequence
characterization of major allergens of birch and related
trees.7-11 Bet v 1, a 17-kd protein, has been identified as
the major birch pollen allergen that shares epitopes with
the major pollen allergens of trees belonging to the
Fagales order and plant-derived food.8-18 Bet v l repre-
sents a target for IgE antibodies of more than 95% of
patients allergic to birch pollen, and almost 60% of them
are exclusively sensitized to Bet v 1.11 Another well-
characterized birch pollen allergen, Bet v 2 (birch profil-
in), is recognized by 10% to 20% of patients allergic to
tree pollen and represents an important cross-reactive
plant allergen that is present in tree, weed, and grass pol-
lens, as well as plant-derived food.19-24 The cDNAs cod-
ing for Bet v 1 and birch profilin (Bet v 2) have been iso-

Recombinant birch pollen allergens 
(rBet v 1 and rBet v 2) contain most of
the IgE epitopes present in birch, alder,
hornbeam, hazel, and oak pollen:
A quantitative IgE inhibition study with
sera from different populations

Verena Niederberger, MD,a Gabrielle Pauli, MD,b Hans Grönlund,c Renate Fröschl,a

Helmut Rumpold, MD,a Dietrich Kraft, MD,d Rudolf Valenta, MD,d and Susanne

Spitzauer, MDa Vienna, Austria, Strasbourg, France, and Uppsala, Sweden

From athe Institute of Medical and Chemical Laboratory Diagnostics, AKH,
University of Vienna, Vienna; bHospital Civil, University of Strasbourg,
Strasbourg; cPharmacia & Upjohn, Uppsala; dInstitute of General and
Experimental Pathology, AKH, University of Vienna, Vienna.

Supported by grant S06703 of the Austrian Science Foundation; by an ICP
grant of the Austrian Ministry of Science, Transports and the Arts; and by
a grant from Pharmacia & Upjohn, Uppsala, Sweden.

Received for publication Dec 22, 1997; revised May 10, 1998; accepted for
publication June 10, 1998.

Reprint requests: Rudolf Valenta, MD, Institute of General and Experimental
Pathology, AKH, University of Vienna, Waehringer Guertel 18-20, A-1090
Vienna, Austria.

Copyright © 1998 by Mosby, Inc.
0091-6749/98 $5.00 + 0 1/1/92392



580 Niederberger et al J ALLERGY CLIN IMMUNOL
OCTOBER 1998

lated recently.19,25 Recombinant Bet v 1 and Bet v 2 have
been characterized extensively in vitro and in vivo. Both
recombinant birch pollen allergens bind IgE antibodies
from patients allergic to tree pollen,26 elicit specific and
dose-dependent histamine release from patients’
basophils,27 and stimulate Bet v 1–specific human T
cells.28 By means of qualitative IgE inhibition experi-
ments, it was demonstrated that recombinant Bet v 1 and
Bet v 2 share IgE epitopes with allergens from various
pollens and plant-derived foods and thus can be respon-
sible for clinically relevant IgE-mediated cross-reac-
tions.18,20,21 Moreover, it could be demonstrated that
rBet v 1 and rBet v 2 induced IgE responses in experi-
mental animal models29,30 (mice and rhesus monkeys)
and elicited immediate-type skin reactions,31,32 as well
as nasal/bronchial hyperreactivity33 in human subjects
comparable with the those induced by the natural aller-
gen preparations.

Because of the extensive in vitro and in vivo character-
ization of recombinant Bet v 1 and Bet v 2, both molecules
are proposed to be used for diagnostic and therapeutic pur-
poses.34,35 The concept of using only a few cross-reactive
extracts/allergens for immunotherapy gained support from
a previous study demonstrating that birch pollen extract is
equally effective in treatment of allergy to Fagales pollens
as a combination of alder, birch, and hazel.36-38 Prerequi-
sites for the attempt to use rBet v 1 and rBet v 2 for treat-
ment of tree pollen allergy are (1) that Bet v 1– and Bet v
2–homologous allergens are present in pollens of trees
belonging to the Fagales order, (2) that rBet v 1 and rBet v
2 share a large proportion of the IgE epitopes with the
homologous Fagales allergens, and (3) that patients from
different countries display a similar IgE cross-reactivity to
recombinant birch pollen allergens and their homologues.

In this study we investigate the presence of rBet v 1–
and rBet v 2–homologous allergens in extracts of alder,
hornbeam, hazel, and oak pollen by qualitative IgE-
immunoblot inhibition experiments with sera from
patients with well-defined IgE reactivity profiles to birch
pollen allergens. In addition, we determine the proportion
of IgE to birch, alder, hornbeam, hazel, and oak pollen that
can be preabsorbed with rBet v 1 and rBet v 2 from sera of
102 patients allergic to tree pollen collected from different
parts of Europe (Austria, France, Sweden, and Switzer-
land) by quantitative RAST inhibition experiments. The
clinical relevance of IgE antibodies that cross-react with
Bet v 1– and Bet v 2–homologous allergens was docu-
mented by skin prick tests (SPTs) of 20 patients with
recombinant birch pollen allergens (rBet v 1 and rBet v 2)
and birch, alder, hornbeam, hazel, and oak pollen extracts.

METHODS

Characterization of patients and sera

For the immunologic characterization of natural tree pollen
extracts by IgE-immunoblot inhibition, 11 sera from patients allergic
to birch pollen were selected to comprise possible IgE reactivity pro-
files to birch pollen allergens.11 Serum from a nonallergic person
(serum 1) was included for control purposes. The 12 individuals were
characterized by case history, SPTs, serology, and IgE immunoblot-
ting with birch pollen extract (Table I). In addition, the sera were test-
ed for reactivity to rBet v 1, rBet v 2, and rBet v 4.39 Sera from
patients with exclusive (sera 4 and 6) or almost exclusive (sera 11 and
12; additional weak IgE binding to components of 25 to 30 kd) reac-
tivity to the major birch pollen allergen, Bet v 1, represent the most
common reactivity profile to birch pollen.11 In more rare cases
patients are sensitized to other allergens (sera 3, 5, and 9) in addition
to Bet v 1. An exclusive reactivity to allergens other than Bet v 1, as
exemplified by sera 2, 8, and 10, can be observed only occasionally.11

For the quantitative IgE inhibition experiments, sera from 102
patients allergic to tree pollen from Austria (n = 38), France (n = 27),
Sweden (n = 19), and Switzerland (n = 18) were collected randomly.
Inclusion criteria were a positive case history indicative for tree pollen
allergy (at least 1 of the following symptoms: rhinitis, conjunctivitis,
or asthma during spring) and a positive SPT response to at least birch
pollen. SPTs with rBet v 1, rBet v 2, and natural birch, alder, horn-
beam, hazel, and oak pollen extracts were performed in 20 of the Aus-
trian patients (Tables II and III, a1-a20). Sera were characterized by
assessment of total IgE and specific IgE antibodies to birch pollen
extract and recombinant pollen allergens (rBet v 1 and rBet v 2) by
means of the CAP system (Pharmacia) (Tables I through IV). The cut-
off levels for a positive IgE reactivity to recombinant birch pollen
allergens and natural allergen extracts in the CAP have been set to
greater than 0.35 kilounits of antigen (kUA)/L by the manufacturer.
The IgE reactivity profile of the 102 sera to nitrocellulose-blotted birch
pollen extract was determined by immunoblotting (Tables I, II, IV).

Preparation and analysis of natural tree

pollen extracts

Pollens from Betula verrucosa/birch, Alnus glutinosa/alder, Carpi-
nus betulus/hornbeam, Corylus avellana/hazel, and Quercus alba/oak
were purchased from Allergon (Välinge, Sweden). Pollens were pure
as determined by light microscopy. Protein extracts were prepared by
homogenization of 0.5 g pollen in 50 mL distilled water containing 5
mmol/L phenylmethylsulfonyl fluoride by using an ultraturrax (Ika,
Heidelberg, Germany). Proteins were extracted by shaking at 4° C for
3 hours. Extracts were then centrifuged at 16,000 g for 15 minutes to
remove insoluble particles. The supernatants were frozen as 1-mL
aliquots in liquid nitrogen, lyophilized, and stored at –20° C until
use.40 Lyophilized extracts were analyzed by SDS-PAGE41 and
Coomassie Brilliant Blue staining (BioRad, Richmond, Calif)42 to
estimate quality and quantity of proteins. Skin test solutions (birch,
alder, hornbeam, hazel, oak pollen extracts, sodium chloride, and his-
tamine) were purchased from ALK (Horsholm, Denmark).

Recombinant allergens

Recombinant birch pollen allergens (rBet v 1 and rBet v 2 [birch
profilin]), which had been expressed in Escherichia coli and puri-
fied as described,43,44 were obtained from BIOMAY (Linz, Austria).
rBet v 1 and rBet v 2 represent the isoforms encoded by the cDNA
originally isolated by IgE immunoscreening.l9,25 Recombinant
birch pollen allergens used for SPTs were dissolved in sterile 0.9%
sodium chloride at a concentration of 20 µg/mL and 5 µg/mL.

Abbreviations used
kUA: Kilounits of antigen
SPT: Skin prick test



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 4, PART 1

Niederberger et al 581

SPT experiments

SPTs with natural allergen extracts, rBet v 1, and rBet v 2 were
performed in 20 patients allergic to tree pollen as described.31,32 The
skin was pricked with prick lancets (ALK), and reactions were
recorded 20 minutes thereafter by photography and by transferring
the ballpoint pen–surrounded wheal area with a scotch tape to paper.
The mean wheal diameter (MD) was calculated by measuring the
maximal longitudinal diameter (D) and the maximal transversal
diameter (d) according to the following formula: [D + d]/2 = MD.

RESULTS

Sera with defined reactivity profile to birch

pollen allergens as tools to compare the

allergen-profile of birch with that of alder,

hornbeam, hazel, and oak pollen

To study the allergen profile in alder, hornbeam, hazel,
and oak pollen extracts, we used sera from patients with
a well-characterized IgE reactivity profile to birch pollen
allergens. The group of patients allergic to birch pollen
consisted of 6 women and 5 men with a mean age of 36
years. Demographic and clinical data of the 11 patients
and the nonallergic control person are summarized in
Table I. The most common IgE reactivity profile to birch
pollen allergens (ie, exclusive or almost exclusive IgE
reactivity to the major birch pollen allergen, Bet v 1, at
17 kd) is represented by sera 4, 6, 11, and 12 (Table I; Fig
1, A). These sera reacted with the Bet v 1–homologous
allergens, Aln g 110,46 (alder), Car b 110,47 (hornbeam),
Cor a 110,48 (hazel), and Que a 110 (oak) at approximate-
ly 17 kd (Fig 1, B through E, lanes –). Sera (eg, 7, 9, and
10) with reactivity to birch profilin (Bet v 2) at approxi-
mately 12 to 14 kd (Fig 1, A, lanes –) bound to profilin-
related allergens in all Fagales pollen extracts tested (Fig
1, B through E, lanes –). Bet v 4, a very recently charac-
terized 2 EF-hand calcium-binding allergen of approxi-
mately 8 to 9 kd,39,49 was detected by sera 3, 5, and 9 in

IgE immunoblots and IgE immunoblot inhibi-

tion experiments

Approximately 200 µg/cm gel of each of the 5 tree pollen
extracts were separated by preparative SDS-PAGE and blotted on
nitrocellulose membranes (Schleicher & Schuell, Dassel, Ger-
many).45 Nitrocellulose-blotted allergen extracts were probed with
sera diluted 1:10 in buffer A (buffer A: 50 mmol/L Naphosphate [pH
7.5], 0.5% wt/vol BSA, 0.5% vol/vol Tween 20, and 0.05% wt/vol
NaN3), and bound IgE antibodies were detected with iodine 125
(125I)-labeled anti-human IgE antibodies (RAST; Pharmacia, Upp-
sala, Sweden) and visualized by autoradiography with KODAK X-
OMAT films and intensifying screens (Kodak, Heidelberg, Ger-
many) at –70° C. The presence of rBet v 1– and rBet v 2–homolo-
gous allergens in alder, hornbeam, hazel, and oak pollen extracts
was studied by IgE immunoblot inhibition experiments. One milli-
liter of 1:10 diluted serum was preincubated with a mixture of rBet
v 1 and rBet v 2 (10 µg each) or, for control purposes, with 20 µg
BSA before exposure to nitrocellulose-blotted tree pollen extracts.
Bound IgE was detected as described above. Because hazel, horn-
beam, and oak pollen possessed a much weaker IgE-binding capac-
ity compared with birch and alder pollen, different exposure times
(birch and alder, 16 hours; hazel and hornbeam, 40 hours; and oak,
64 hours) were chosen (Fig 1).

Quantitative IgE inhibition experiments

Quantitative IgE inhibition experiments were performed in a man-
ner similar to that for RAST inhibition experiments. Approximately
50 µg of nondenatured PBS-dissolved pollen extract (birch, alder,
hornbeam, hazel, and oak) was dotted on nitrocellulose strips of
exactly 6 × 30 mm in size. To ensure that the absorption experiment
is performed at conditions of antigen excess, appropriate serum dilu-
tions and amounts of recombinant allergens were determined in pilot
experiments. One milliliter aliquots of sera diluted 1:10 in buffer A
were preincubated with a mixture of rBet v 1 and rBet v 2 (10 µg
each) or, for control purposes, with 20 µg BSA before exposure to
nitrocellulose-dotted pollen extracts. All determinations were per-
formed as duplicates. Bound IgE was detected with 125I-labeled anti-
human IgE antibodies and quantified by gamma counting (Wizzard,
Automatic Gamma Counter; Wallac, Uppsala, Sweden). The per-
centage inhibition of IgE binding to natural extracts after preabsorp-
tion with rBet v 1 and rBet v 2 was calculated as follows: %inhibi-
tion = 100 – cpm (rBet v l + rBet v 2) × 100/cpm(BSA).

TABLE I. Demographic, clinical, and serologic characterization of individuals tested in Fig 1

Demographic and clinical data Total IgE Birch rBet v 1 rBet v 2 IgE immunoblot (birch)

Patient Sex Age Allergies Symptoms Treatment (kU/L) (kUA/L) (kUA/L) (kUA/L) <10 kd 14 kd 17 kd 25-30 kd >45 kd

1 M 34 9.7 <0.35 <0.35 <0.35
2 F 30 t,g,mi r ah 130 2.0 <0.35 <0.35 +
3 M 30 t,g,f,a r,c hyp,ah 553 49.6 51.8 <0.35 + ++ +++
4 F 29 t,g,a r,c,as ah 74.9 15.2 14.0 <0.35 +
5 F 29 t,g,a r,ad ah 1371 96.8 91.7 1.4 ± +++ ±
6 F 45 t,f r,c is 370 27.8 34.8 <0.35 ++
7 F 31 t,g,w,mi,a r,c,as hyp 242 10.5 2.8 9.8 ++ ± +
8 M 35 t,g r,c ah 105 4.9 <0.35 3.3 ± +
9 M 38 t,g,mi,mi,a r,c,as hyp,ah 473 46.8 37.9 4.1 + ++ +++ + ++
10 M 49 t,g,w,f,a r,c ah 439 12.4 <0.35 15.4 +++
11 M 32 t,g,f,mi,a c,a ah 193 44.3 68.2 <0.35 +++ ±
12 F 50 t,g r,c ah 196 19.3 24.4 <0.35 ++ +

Individuals (nonallergic person: 1; patients allergic to tree pollen: 2 to 12) are numbered as in Fig 1.
Allergies: t, Tree pollen; g, grass pollen; mi, mites; f, food; a, animals; w, weed pollen; mo, molds. Symptoms: r, Rhinitis; c, conjunctivitis; as, asthma; ad,
atopic dermatitis. Treatment: ah, Antihistamines; hyp, tree pollen–specific hyposensitization; is, immunosuppression. Immunoblot: +++, Very strong; ++,
strong; +, average; ±, weak binding.
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birch pollen (Fig 1, A, lanes –). The Bet v 4–reactive sera
bound to a Bet v 4–related allergen of 8 to 9 kd in alder,
hornbeam, and oak pollen extracts (Fig. 1, B, C, and E).
The high molecular weight IgE-reactive bands (45 to 100
kd) detected in birch pollen by sera 2, 3, 5, 7, 8, and 9
were found in all Fagales pollen extracts (Fig 1, B through
E). In addition to Bet v 5, a pectinesterase-like allergen,50

they may contain other cross-reactive moieties. In sum-
mary, we found that alder, hornbeam, hazel, and oak
pollen extracts contain an allergen profile that is almost
identical to that of birch pollen. Although certain sera
contained IgE antibodies with specificities directed to
molecules other than Bet v 1– and Bet v 2–related aller-
gens (eg, Bet v 4; high molecular weight bands), the quan-
titative IgE measurements (Table I) indicated that only
sera from Bet v 1– and Bet v 2–reactive patients contained
high levels of birch pollen–specific IgE. Serum 2, which
did not react with Bet v 1 or Bet v 2, had a very low (2.0
kUA/L) birch pollen–specific IgE level (Table I).

Alder, hornbeam, hazel, and oak pollen contain

rBet v 1 and rBet v 2 cross-reactive allergens

The qualitative analysis of birch, alder, hornbeam,
hazel, and oak pollen extracts with selected sera (Table I;
Fig 1, A through E) indicated the presence of Bet v 1 and
Bet v 2 cross-reactive allergens. To demonstrate that the
Bet v 1– and Bet v 2–related Fagales allergens share IgE
epitopes with rBet v 1 and rBet v 2, IgE immunoblot inhi-
bition experiments were performed. Sera from the patients
allergic to tree pollen described in Table I were preab-
sorbed with a mixture of rBet v 1 and rBet v 2 and, for con-
trol purposes, with a comparable amount of BSA before
exposure to nitrocellulose-blotted pollen extracts. Preab-
sorption of Bet v 1–reactive sera (sera 3, 4, 5, 6, 9, 11, and
12) with the allergen combination resulted in a great
reduction or loss of IgE binding to the rBet v 1–homolo-
gous allergens present in birch, alder, hornbeam, hazel,
and oak pollen extracts (Fig 1 A through E, lanes +). The
IgE reactivity of sera 7, 9, and 10 to Bet v 2 and Bet v
2–related Fagales allergens likewise was greatly reduced
after preincubation with rBet v 2 (Fig 1 A through E,
lanes +). The results of the IgE immunoblot inhibition
thus identify rBet v 1 and rBet v 2 cross-reactive aller-
gens in pollens of alder, hornbeam, hazel, and oak.

Recombinant birch pollen allergens (rBet v 1

and rBet v 2) and nitrocellulose-blotted birch

pollen extract define the IgE reactivity profile

(allergogram)

Before immunoabsorption experiments, the IgE reac-
tivity profile to birch pollen extract, rBet v 1, and rBet v
2 was determined by quantitative CAP (RAST) measure-
ments for the 102 European sera (Sweden, n = 19;
France, n = 27; Austria, n = 38; and Switzerland, n = 18),
and immunoblotting experiments (birch pollen extract)
were performed. One hundred of 102 sera (99%) con-
tained IgE antibodies to rBet v 1, and 14.7% displayed
IgE reactivity to rBet v 2. In all but 4 sera (Tables II and

IV: a13, f25, swe3, and swe12) rBet v 1 accounted for
most of the birch pollen–specific IgE. In many cases (eg,
Tables II and IV: a5, a19, f2, f9, f10, f27, swe5, swe7,
swe8, swe16, swi3, swi6, swi9, swi10, and swi13) rBet v
1 bound even more IgE than total birch pollen extract,
indicating a better coupling efficacy of the purified rBet
v 1 compared with its natural counterpart being part of
the total birch pollen extract. Although certain sera dis-
played IgE reactivity to allergens other than Bet v 1 and
Bet v 2 in the immunoblotting experiments (Tables II and
IV: components of <10 kd, 20 kd, 25 to 30 kd, and >46
kd), rBet v 1 represented by far the most frequently (99%
of positive sera) detected allergen and bound most of the
birch pollen–specific IgE.

Preferential sensitization to birch pollen in

different parts of Europe

Our study supports early observations obtained for
Sweden,4,6 which indicated that birch may represent the
most potent sensitizing allergen source among trees
belonging to the Fagales order for the following reasons.
(1) Sera from all 102 patients allergic to tree pollen con-
tained IgE antibodies to birch extract or to natural/recom-
binant Bet v 1. (2) Sera from patients allergic to tree
pollen failed to display IgE reactivity to Fagales pollen
extracts other than birch, depending on the distance of
the taxonomic relationship to birch. Twenty-six sera
failed to react with oak, 13 with hornbeam, 11 with hazel,
and 6 with alder pollen extract (Tables II and IV). (3) The
IgE binding (average of the 102 sera) to the pollen
extracts as represented by the cpm values of bound 125I-
labeled anti-human IgE antibodies were as follows:
birch, 2215 cpm; alder, 1540 cpm; hornbeam, 652 cpm;
hazel, 723 cpm; and oak, 289 cpm. In summary, birch
pollen appeared to be by far the most prominent source
of allergens/IgE epitopes.

A combination of rBet v 1 and rBet v 2 con-

tains most of the IgE epitopes present in

Fagales pollens

The quantitative CAP measurements indicated that a
combination of rBet v 1 and rBet v 2 accounts for a high
percentage of birch pollen–specific IgE. To estimate the
amount of IgE to Fagales pollen extracts that can be preab-
sorbed with a mixture of rBet v 1 and rBet v 2, RAST-based
IgE inhibition experiments were performed. Sera from 102
patients allergic to European tree pollen were preabsorbed
with rBet v 1 and rBet v 2 before exposure to birch, alder,
hornbeam, hazel, and oak pollen extract. Tables II and IV
detail the percentage inhibition of IgE binding to the 5
Fagales pollen extracts for each serum. The results indicate
that a mixture of rBet v 1 and rBet v 2 contains most of the
IgE epitopes present in Fagales pollen. On an average, 82%
of Fagales-specific IgE could be preabsorbed with the 2
recombinant allergens (Table V). Some relatively minor
variations in the degree of inhibition of IgE binding were
found, which were dependent on patient populations and
botanical relationships of tree species. Regarding the popu-
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TABLE II. Serologic characterization of sera from Austria and Switzerland

IgE immunoblot (birch) %inhibition of IgE binding

Total IgE Birch Bet v 1 Bet v 2 <10 14 17 20 25-30 >46 Bet v Aln g Car b Cor a Que a

Patient (kU/L) (kUA/L) (kUA/L) (kUA/L) kd kd kd kd kd kd

a1 359 43.1 47.8 <0.35 +++ 92 85 66 71 44
a2 55.8 1.53 1.61 <0.35 + 93 96 93 87 —
a3 39.7 2.43 2.34 <0.35 + 91 76 70 86 74
a4 589 33.0 21.2 9.97 ++ +++ 94 93 82 87 87
a5 363 12.1 18.1 1.62 + +++ 94 96 87 84 89
a6 476 6.14 3.43 5.06 ± ± + 90 88 82 88 87
a7 553 49.6 51.8 <0.35 + ++ +++ 75 77 61 27 31
a8 196 58.3 48.4 <0.35 +++ ± 82 94 37 57 37
a9 483 3.66 4.47 <0.35 ± ± + + 49 50 0 3 18
a10 56.8 6.38 6.23 <0.35 ++ 78 50 36 32 36
a11 317 82.3 62.9 6.81 + ++ +++ 96 93 86 62 76
a12 344 95.3 84.7 <0.35 + +++ + 90 80 76 81 81
a13 169 6.09 <0.35 5.48 + 77 91 65 73 88
a14 81.5 8.22 9.92 <0.35 ++ 97 89 70 62 26
a15 >2000 93.2 92.1 <0.35 +++ 81 89 35 74 48
a16 200 18.9 15.2 6.70 + +++ + 89 95 77 73 89
a17 151 12.7 12.4 <0.35 ± ++ 98 98 89 91 74
a18 248 16.1 16.9 <0.35 ++ 91 81 60 80 29
a19 45.1 24.6 25.5 <0.35 +++ 96 100 96 95 99
a20 518 49.0 29.1 4.24 + ++ +++ + + + 31 35 60 16 28
a21 167 14.5 14.1 <0.35 ++ 90 89 — 71 25
a22 49.0 3.69 3.69 <0.35 + 98 77 41 70 0
a23 26.2 4.41 5.44 <0.35 + 99 100 96 99 22
a24 ND ND ND ND + 97 100 86 97 97
a25 >2000 25.3 24.9 <0.35 ++ + 100 99 79 65 —
a26 27.6 19.0 15.5 <0.35 + + 95 74 — 78 100
a27 48.8 21.7 20.1 <0.35 + 100 99 88 24 —
a28 84.0 61.1 54.3 <0.35 +++ + 100 100 93 96 100
a29 1020 34.1 30.9 <0.35 ++ + 96 96 71 68 37
a30 89.8 13.9 13.3 <0.35 ++ 100 100 82 — —
a31 65.0 23.8 22.9 <0.35 ++ 97 98 89 97 83
a32 15.2 3.53 3.69 <0.35 + 100 100 89 100 100
a33 152 41.6 38.3 <0.35 +++ ± 96 97 84 68 75
a34 45.3 31.5 30.3 <0.35 +++ + 82 89 85 72 93
a35 105 8.31 8.99 <0.35 + ± 93 98 67 60 30
a36 44.9 13.5 13.4 <0.35 ++ 100 100 87 89 96
a37 160 47.0 51.5 <0.35 +++ 99 97 70 74 95
a38 36.9 3.88 4.08 <0.35 + 97 81 79 — 39
swi1 115 13 12.8 <0.35 ++ 84 45 72 69 100
swi2 385 3.6 3.4 <0.35 + 99 100 96 100 —
swi3 230 26.4 32.2 <0.35 ++ 100 100 97 97 100
swi4 186 7.53 5.29 <0.35 + 100 100 91 85 100
swi5 337 47.7 45.9 1.01 ++ 100 100 91 86 73
swi6 275 6.61 8.4 <0.35 + + 67 100 82 74 21
swi7 1320 >100 97.5 <0.35 +++ 89 100 97 99 97
swi8 193 4.95 6.19 <0.35 + 100 100 80 — —
swi9 314 25.1 31.0 <0.35 ++ 100 100 99 98 —
swi10 291 51.1 64.7 <0.35 +++ + + 99 99 93 83 98
swi11 29.1 6.41 9.16 <0.35 + 100 100 85 — —
swi12 186 26.8 14.4 <0.35 + + 90 86 97 96 91
swi13 332 59.1 71.3 <0.35 +++ 100 100 96 87 98
swi14 393 28.6 29.5 <0.35 ++ 98 99 87 14 49
swi15 286 82.5 76.4 <0.35 ++ 100 99 93 74 100
swi16 87.2 14.9 16.3 <0.35 ++ 100 98 91 98 —
swi17 91.3 6.64 9.20 <0.35 + 100 100 84 89 —
swi18 394 28.5 27.0 <0.35 ++ 98 100 78 87 —

Total IgE, birch pollen-specific IgE, and IgE to rBet v 1 and rBet v 2 were determined by CAP measurement. The IgE reactivity to components of certain molecular
weights (<10 kd, 14 kd, 17 kd, 20 kd, 25 to 30 kd, and >46 kd) in nitrocellulose-blotted birch pollen extract is displayed for each serum (+++, Very intensive; ++,
intensive; +, distinct; ±, weak IgE binding). The percentage inhibition of IgE binding to birch (Bet v), alder (Aln g), hornbeam (Car b), hazel (Cor a), and oak (Que a)
measured after preabsorption of each serum with a combination of rBet v 1 and rBet v 2 is also shown. Dashes indicate lack of IgE reactivity to the given extract.
a, Austrian; swi, Switzerland; ND, not done.
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FIG 1. Inhibition of IgE binding to nitrocellulose-blotted natural tree pollen extracts (A, Betula
verrucosa/birch; B, Alnus glutinosa/alder; and C, Carpinus betulus/hornbeam)  with a combination of rBet v
1 and rBet v 2.
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FIG 1. Cont’d. Nitrocellulose-blotted tree pollen extracts (D, Corylus avellana/hazel; and E, Quercus alba/oak)
were probed with sera from 11 representative patients allergic to tree pollen (panels 2 to 12) and, for control
purposes, with serum from a nonallergic individual (panel 1). Sera were preabsorbed with a mixture of rBet v
1 and rBet v 2 (lanes +) or, for control purposes, with BSA (lanes –). Molecular weights are displayed at left.
Black arrows indicate position of Bet v 1 and Bet v 1–homologous allergens, and grey arrows indicate those of
Bet v 2 and Bet v 2–homologous allergens.
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lations, we found that most Fagales-specific IgE was
depleted from the Swiss sera (90%) and less from the Aus-
trian and French sera (80% and 83%, respectively) (Table
V). The lowest degree of inhibition was obtained for the
Swedish sera (75%), which, according to the immunoblot-
ting experiments, frequently reacted with molecules other
than Bet v 1 and Bet v 2 (Tables II, IV, and V).

The combination of rBet v 1 and rBet v 2 inhibited IgE
binding to pollen extracts derived from trees taxonomi-
cally more closely related to birch (alder, Betulaceae;
hornbeam and hazel, Corylaceae) better than to the more
distantly related species (oak, Fagaceae) (Table V). The
average inhibition of IgE binding to alder pollen extract
was 88%, to hornbeam 77%, to hazel 80%, and to oak
72% (Table V).

IgE cross-reactivity to Bet v 1– and Bet v 2–

homologous Fagales pollen allergens:

Immediate-type skin reactions to multiple

extracts

Twenty patients experiencing clinical symptoms dur-
ing spring (ie, the flowering period of trees of the Fagales
order) and, for control purposes, 2 nonatopic individuals
underwent SPTs with rBet v 1, rBet v 2, birch, alder,

hazel, hornbeam, and oak pollen extracts. Results
obtained showed that with the exception of only 3
patients who failed to mount immediate-type skin reac-
tions to oak pollen extract (Tables II and III: a2, a9, and
a13), all 20 patients displayed immediate-type skin reac-
tions to all of the 5 tree pollen extracts, as well as to rBet
v 1 or rBet v 2 (Table III). Fig 2 shows the photodocu-
mentation of the SPT results obtained for representative
patients a1, a2, a3, a4, and a5 (Tables II and III). Serum
samples obtained from these patients were analyzed for
the presence of specific IgE antibodies, and the percent-
age of tree pollen–specific IgE that could be preabsorbed
with rBet v 1 and rBet v 2 was determined (Table II).
Preabsorption of the sera from these 20 patients with
recombinant birch pollen allergens yielded a similarly
high inhibition of IgE binding to natural pollen extracts
as observed for sera of the other populations (Table II).

DISCUSSION

Pollen of trees belonging to the order Fagales (birch,
alder, hornbeam, hazel, and oak) belong to the most
potent elicitors of Type I allergy in early spring.1-3 In this
study we demonstrate that pollen from alder, hornbeam,
hazel, and oak contain allergens that share IgE epitopes

TABLE III. RAST results and skin reactivity to rBet v 1, rBet v 2, and natural tree pollen extracts

rBet v 1 rBet v 2 Birch

RAST SPT SPT RAST SPT SPT RAST SPT

(5 mg/mL) (20 mg/mL) (5 mg/mL) (20 mg/mL) (kUA/L) (MD)

Patient (kUA/L) MD MD (kUA/L) MD MD

a1 47.8 5 5 <0.35 — — 43.1 9
a2 1.61 3 5 <0.35 — — 1.53 4.5
a3 2.34 4 5.5 <0.35 — — 2.43 4.5
a4 21.2 10 9.5 9.97 4.5 10.5 33.0 8.5
a5 18.1 6.5 10.5 1.62 3 5.5 12.1 7
a6 3.43 3.5 7 5.06 3 7.5 6.14 6
a7 51.8 8 19 <0.35 — — 49.6 10.5
a8 48.4 10.5 10.5 <0.35 — — 58.3 11
a9 4.47 5.5 7.5 <0.35 — — 3.66 6

a10 6.23 6 8 <0.35 — — 6.38 8
a11 62.9 8.5 9.5 6.81 6.5 7 82.3 7.5
a12 84.7 4.5 8.5 <0.35 — — 95.3 8
a13 <0.35 — — 5.48 — 4 6.09 2.5
a14 9.92 5.5 12.5 <0.35 — — 8.22 8.5
a15 92.1 6.5 9 <0.35 — — 93.2 7.5
a16 15.2 3.5 6.5 6.70 — 4.5 18.9 6
a17 12.4 3 11 <0.35 — — 12.7 7
a18 16.9 2 2.5 <0.35 — — 16.1 3
a19 25.5 — 6 <0.35 — — 24.6 5
a20 29.1 5 11 4.25 4 5 49.0 13
N1 <0.35 — — <0.35 — — <0.35 —
N2 <0.35 — — <0.35 — — <0.35 —

MD, Mean diameter of the wheal reaction in millimeters; N, nonatopic individual; —, no reaction.
Serum IgE levels and skin reactions to rBet v 1, rBet v 2, birch, alder, hornbeam, hazel, and oak pollen extracts and histamine are displayed for 20 patients allergic to 
Austrian tree pollen (a1-a20; see also Table II) and 2 nonatopic individuals (N1, N2).
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with recombinant birch pollen allergens (rBet v 1),19 the
major birch pollen allergen, and rBet v 2 (birch profil-
in).25 By means of quantitative IgE inhibition studies
performed with 102 sera from different European popu-
lations (Austria, France, Sweden, and Switzerland) we
show that a combination of rBet v 1 and rBet v 2 contains
most (82%) of the IgE epitopes present in Fagales pol-
lens. Although previous immunochemical, protein-chem-
ical, and molecular biologic investigations have already
indicated that Fagales pollens contain structurally related
allergens that share IgE epitopes,10,12,46-48,51 it was unex-
pected to find that a combination of only 2 recombinant
birch pollen allergens, rBet v 1 and rBet v 2, accounts for
such high levels (average 82%) of Fagales pollen–specif-
ic IgE. This result is also interesting in light of reports
that major tree pollen allergens are composed of several
isoforms (ie, variants with minor sequence variations that
can, however, lead to dramatically altered antibody bind-
ing and T-cell stimulating capacity of the individual iso-
forms).47,48,52,53 Most of the reported isoforms with
altered antibody-binding capacity were, however,
obtained by PCR-based technologies, and only for a few
of them could the existence of corresponding natural iso-
forms be shown by extensive protein-chemical work.52

The reason for the high IgE-binding capacity of rBet v 1

and rBet v 2 used in our study may be that both recom-
binant birch allergens are derived from cDNA clones that
were isolated by immunoscreening with serum IgE from
allergic patients and therefore most closely correspond to
their natural counterparts.19,25 We believe that the defin-
ition of 2 recombinant birch pollen allergens (rBet v 1
and rBet v 2) that share most of the IgE epitopes with
natural Fagales pollen extracts may have implications for
diagnosis, as well as specific immunotherapy.

Regarding diagnosis, our data indicate that it is possi-
ble to use only a few recombinant birch pollen allergens
(eg, rBet v 1 and rBet v 2) for in vitro and probably in
vivo diagnosis of not only birch but also alder, hornbeam,
hazel, and oak pollen allergy. A positive reaction to each
of these molecules together with clinical symptoms in
response to exposure to birch, alder, hornbeam, hazel, or
oak pollen will define a patient as being allergic to tree
pollen. This assumption was supported by our finding
that patients containing IgE antibodies that cross-reacted
with Bet v 1– or Bet v 2–homologous allergens present
in pollen extracts of trees of the order Fagales (birch,
alder, hornbeam, hazel, and oak) displayed immediate-
type skin reactions to the latter extracts.

As a logical consequence, recombinant birch pollen
allergens (eg, rBet v 1 and rBet v 2) may substitute crude

Alder Hornbeam Hazel Oak Histamine

RAST SPT RAST SPT RAST SPT RAST SPT SPT

(kUA/L) (MD) (kUA/L) (MD) (kUA/L) (MD) (kUA/L) (MD) (MD)

32.9 11 13.7 11.5 30.3 8 11.0 7.5 6.5
1.37 5.5 0.70 5 1.50 4 <0.35 — 5.5
1.87 5.5 1.71 5.5 1.92 4 1.56 2 4

25.6 7.5 19.7 12.5 20.1 8 19.2 4.5 5
9.98 5 7.19 7 5.06 5.5 4.34 3.5 3
5.15 5 3.94 3.5 2.90 4 3.52 6.5 4.5

33.6 14 36.7 16 31.2 10.5 34.9 5 7.5
46.9 7.5 23.2 8 35.7 9.5 10.8 4.5 5.5
3.91 5.5 2.29 2.5 1.30 2.5 1.66 — 7
4.69 8.5 2.75 10.5 4.41 6.5 2.87 5.5 6

47.4 6.5 36.1 12.5 26.0 7.5 32.5 9.5 3.5
74.4 8 43.8 5 51.0 7.5 25.4 6.5 4
6.29 3 5.98 3 4.67 2 4.87 — 4.5
5.48 6 2.18 6 5.62 6 2.40 3 3.5

69.5 7 63.0 9 81.4 10 65.2 5.5 8.5
18.5 10.5 14.2 5 16.3 4.5 9.92 2.5 4
9.95 4.5 4.73 4.5 5.74 6 3.75 2.5 6

13.6 2.5 8.98 2 15.2 2.5 6.73 2 2
18.9 6 18.1 4 19.8 3 12.3 6.5 2
36.8 11 39.7 7 14.8 9 35.5 5 4
<0.35 — <0.35 — <0.35 — <0.35 — 3.5
<0.35 — <0.35 — <0.35 — <0.35 — 4.5
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Fagales pollen extracts for in vitro and in vivo allergy
diagnosis in most cases. The advantage of using recom-
binant birch pollen allergens for diagnosis of Fagales
pollen allergy would be the possibility of determining

exactly which components the patient is sensitized
against and measuring the levels of IgE antibodies
against the individual molecules. In this context it is rel-
evant to note that rBet v 1 and rBet v 2 not only cross-

TABLE IV. Serologic characterization of sera from Sweden and France

IgE immunoblot (birch) % inhibition of IgE binding

Total IgE Birch) Bet v 1 Bet v 2 <10 14 17 20 25-30 >46 

Patient (kU/L) (kUA/L (kUA/L) (kUA/L) kd kd kd kd kd kd Bet v Aln g Car b Cor a Que a

swe1 211 >100 >100 <0.35 +++ 100 100 100 77 —
swe2 262 22.3 27.4 <0.35 ++ + 93 65 — 100 89
swe3 348 13.5 3.74 7.4 + ++ ++ + 67 83 54 54 56
swe4 50 8.9 8.5 1.3 + + 87 89 93 96 92
swe5 140 72.4 88.4 <0.35 +++ 99 100 96 98 69
swe6 73 13.3 10.0 <0.35 + + 82 70 51 55 44
swe7 145 32.6 41.8 <0.35 ++ + 95 56 25 70 5
swe8 120 44.7 52.0 <0.35 +++ 100 100 100 97 99
swe9 789 10.3 8.4 <0.35 + 95 — 56 — —
swe10 380 62.6 82.4 <0.35 ± +++ ± ++ 94 97 71 98 100
swe11 315 14.0 15.9 <0.35 + + 95 97 19 80 —
swe12 592 80.1 40.6 0.6 + + + + +++ + 90 56 14 4 28
swe13 121 4.0 4.1 <0.35 + 87 16 — 79 —
swe14 161 29.5 32.6 <0.35 ++ + + 89 87 61 67 0
swe15 356 8.4 10.0 <0.35 + 95 — — — —
swe16 277 41.3 52.7 <0.35 ++ 100 100 97 — 81
swe17 396 12.5 14.1 <0.35 + 97 100 — — —
swe18 126 4.24 3.8 <0.35 ± + + 81 59 100 79 —
swe19 280 10.5 11.5 <0.35 + 100 — — — —
f1 121 16.0 20.9 ND + 59 92 — 97 100
f2 299 71.9 81.5 <0.35 + ++ + 81 80 41 63 75
f3 389 32.1 44.3 ND ++ 97 94 76 97 87
f4 1216 >100 >100 4.4 + + +++ + + + 87 88 68 79 55
f5 >2000 >100 >100 1.6 ± +++ 99 97 94 92 81
f6 360 >100 >100 <0.35 +++ 100 99 94 100 99
f7 158 31.0 36.7 2.6 ++ 99 100 89 99 100
f8 30 8.1 10.0 ND + 100 100 — 96 —
f9 201 82.4 >100 <0.35 ++ 100 98 91 100 100
f10 168 48.1 80.9 <0.35 ++ 99 99 92 97 97
f11 38 7.9 10.8 <0.35 + 93 — — — —
f12 184 21.0 25.5 <0.35 + 99 99 91 87 86
f13 990 9.7 11.4 <0.35 + + 42 70 49 34 0
f14 301 >100 >100 ND ++ 99 100 78 100 —
f15 254 93.8 >100 <0.35 +++ + 93 95 84 59 66
f16 590 >100 >100 <0.35 +++ + 90 86 73 66 90
f17 425 96.7 83.9 <0.35 ++ 100 100 98 100 100
f18 106 18.3 22.8 <0.35 + 98 99 89 93 —
f19 107 7.7 9.4 <0.35 + 100 99 81 73 —
f20 294 22.9 9.7 <0.35 ++ + 65 0 — 35 4
f21 70 20.5 18.5 <0.35 ++ 88 91 65 74 89
f22 113 4.8 5.4 <0.35 + 100 — 100 100 —
f23 61 30.4 38.1 <0.35 ++ 100 100 71 82 —
f24 1096 >100 >100 <0.35 +++ 97 87 — 97 93
f25 604 4.0 <0.35 1.8 ± ± ± + 63 65 — 59 69
f26 117 1.6 1.9 <0.35 + 79 — 25 — 35
f27 136 44.5 60.4 <0.35 +++ 99 95 89 87 96

Total IgE, birch pollen–specific IgE, and IgE to rBet v 1 and rBet v 2 were determined by CAP measurement. The IgE reactivity to components of certain molecular 
weights (<10 kd, 14 kd, 17 kd, 20 kd, 25 to 30 kd, and >46 kd) in nitrocellulose-blotted birch pollen extract is displayed for each serum (+++, Very intensive; ++,
intensive; +, distinct; ±, weak IgE binding). The percentage inhibition of IgE binding to birch (Bet v), alder (Aln g), hornbeam (Car b), hazel (Cor a) and oak (Que a),
measured after preabsorption of each serum with a combination of rBet v 1 and rBet v 2 is also shown. Dashes indicate lack of IgE reactivity to the given extract.
swe, Sweden; f, France; ND, not done.
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TABLE V. Average percentage inhibition of IgE binding

Natural tree pollen extracts

Betula verrucosa Alnus glutinosa Carpinus betulus Corylus avellana Quercus alba )

Sera (%) (%) (%) (%) (%) Mean

Austria (n = 38) 91 88 76 77 69 80
France (n = 27) 90 89 78 83 76 83
Sweden (n = 19) 92 80 67 75 60 75
Switzerland (n = 18) 96 96 89 84 84 90
Mean (n = 102) 92 88 77 80 72 82

The mean percentages of inhibition for each country and extract are summarized in the right column and bottom line, respectively.

FIG 2. Photodocumentation of immediate-type skin reactions to recombinant birch pollen allergens and nat-
ural tree pollen extracts of 5 representative patients (al, a2, a3, a4, a5; see Table III). Application order of test
substances is indicated in insert.
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reacted with the related Fagales pollen allergens but also
contained most of their IgE epitopes. On the basis of the
results of qualitative and quantitative measurements,
those components against which patients are sensitized
can be selected for specific immunotherapy. Because
rBet v 1 and rBet v 2 account for most of the Fagales
pollen–specific IgE, specific immunotherapy with
recombinant birch pollen allergens alone may be consid-
ered, instead of with mixtures of natural tree pollen
extracts, which, in addition to the desired allergens, con-
tain undefined components. The idea that immunothera-
py of Fagales pollen allergy can be performed with
recombinant birch pollen allergens alone is supported by
a previous study that documents that birch pollen extract
was equally effective in treating Fagales pollen allergy
compared with a mixture containing alder, birch, and
hazel pollen extracts.36-38 We are of course aware that
our serologic competition study just defines 2 recombi-
nant birch pollen allergens that contain most of the
Fagales pollen–specific IgE epitopes as possible candi-
date molecules for specific immunotherapy of Fagales
pollen allergy. Clinical therapy studies will certainly be
needed to determine whether immunotherapy performed
with defined recombinant birch pollen allergens may be
effective. On the other hand, we believe that the careful
selection of allergens defined according to the patient’s
IgE reactivity profile may contribute to the improvement
of specific immunotherapy because it will help to avoid
therapy-induced sensitization to novel components.54
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