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Abstract
During the past decade an increasing number of recom-
binant allergens have become available, representing a
significant proportion of the epitope complexity of natu-
ral allergen extracts. Component-resolved diagnosis
with recombinant allergens reveals the antibody reactivi-
ty profile of allergic patients and identifies the disease-
eliciting allergen molecules. This article exemplifies how
recombinant allergen molecules with high cross-reactive
potential can be used as marker allergens to identify
allergic patients who are cross-sensitized to a variety of
allergen sources. It further demonstrates how the use of
allergens with a restricted distribution in a certain group
of allergen sources may allow the identification of pa-
tients who have been genuinely sensitized by a particular
allergen molecule. Drawing from those examples, it is
suggested how diagnostic tests based on such recombi-

nant marker allergens may be used to improve the
choice and monitoring of currently available forms of
specific immunotherapy.

Copyright © 2002 S. Karger AG, Basel

Introduction

Allergic individuals are characterized by their in-
creased tendency to mount IgE antibody responses
against antigens per se harmless (i.e. allergens) [1]. Diag-
nosis of type I allergy is hence based on the detection of
allergen-specific IgE antibodies in serum or other body
fluids or on positive provocation tests with the relevant
allergens [2]. Already in 1880, long before the discovery of
IgE antibodies, Charles Blackley performed allergy provo-
cation tests with allergen extracts [3]. While it is possible
to use allergen extract-based diagnostic tests to define
allergen-containing sources they are not designed to iden-
tify the disease-eliciting allergen molecules [4]. With the
introduction of molecular biology techniques to the field
of allergen characterization, the molecular identities of
many important allergens have been revealed and an
increasing number of recombinant allergens has become
available [5–7]. For many important allergen sources (e.g.
tree pollen, grass pollen, mites, animal dander, moulds,L.K.-S. and V.N. contributed equally.
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venoms), it has been possible to produce panels of recom-
binant allergens which may be equivalent in epitope com-
plexity to the traditional extracts, even for diagnostic
screening purposes [4, 6, 8–13]. Furthermore it has been
shown that spiking of allergen extracts with recombinant
allergens that are not well represented in allergen extracts
can improve the sensitivity of extract-based diagnostic
tests [14]. Diagnostic tests exclusively based on single
recombinant allergens, allowing the precise measurement
of levels of IgE antibodies to a particular allergen mole-
cule and thus comparison of specific IgE levels with the
allergenic potency of that determinant are available [4,
15]. In addition, diagnostic tests based on multiple mi-
croarrayed allergen molecules (i.e., allergen chips) are cur-
rently being developed which allow the complex reactivity
profile of allergic patients to be determined using minute
amount of serum in a single and fast assay [16]. Compo-
nent-resolved allergy diagnosis based on recombinant
allergen molecules enables analysis of the complex reac-
tivity profile of allergic patients [4]. Using component-
resolved allergy diagnosis, it is possible to precisely identi-
fy the disease-eliciting allergens for each patient and thus
to group patients according to the molecular multiplicity
of their sensitization, e.g. patients who are sensitized
against few allergen molecules (i.e. mono- or oligosensi-
tized) and those who are polysensitized against a great
variety of immunologically unrelated allergen molecules.
The latter group cannot not be precisely identified with
allergen extracts because sensitization to highly cross-
reactive allergens present in different allergen extracts
might be interpreted as cosensitization to different aller-
gens and thus lead to the incorrect diagnosis of polysensi-
tization [17]. Component-resolved allergy diagnosis de-
livers precise information about the individual patient’s
sensitization profile and as a logic next step, component-
resolved forms of immunotherapy are being developed
[18]. For this purpose, recombinant and synthetic allergen
molecules with reduced allergenic activity have been con-
structed which should minimize the risk of anaphylactic
side effects [18–21]. Several of these molecules have been
evaluated regarding safety in clinical provocation studies
and have already entered clinical immunotherapy studies
[22–25]. However, new forms of specific immunotherapy
based on recombinant allergen molecules are not yet rou-
tinely available. It is therefore the aim of this article to
illustrate how recombinant allergen-based diagnostics can
assist the clinician in choosing optimal strategies among
available forms of treatment (e.g. symptomatic treatment,
allergen extract-based immunotherapy) and to monitor
the success of the therapeutic measures applied.

Allergies to Plant Products: Pollen and
Plant-Derived Foods

We illustrate the concept of using recombinant marker
allergens from plants for refined allergy diagnosis for two
reasons. First, allergies to plant products (e.g. pollen, vege-
tables, fruits, nuts and seeds) are very common and affect
more than 75% of allergic patients [26]. Secondly, the
allergen spectrum of grass and tree pollens and plant foods
has been intensely studied, leading to the production of a
large panel of well-characterized recombinant plant aller-
gens [4, 8–10, 27]. It should, however, be mentioned that
the principle of using marker allergens for diagnosis is
applicable to other allergen sources as well.

Certain plant allergens representing highly conserved
proteins with important biological functions are produced
as highly cross-reactive allergens in a variety of botanical-
ly unrelated plants and also in different plant tissues (e.g.,
pollen, fruits, leaves, seeds). Other allergens are produced
exclusively in certain plant tissues (e.g. pollen-specific
expression) or in certain plants. On the basis of the pres-
ence of these allergens in certain plants, plant tissues and
their degree of cross-reactivity, it is possible to use these
allergens as markers to obtain additional important diag-
nostic information. Examples for such marker allergens
are given below.

Profilins: Predictors for Pollen and Plant Food
Cross-Sensitization

Profilins were discovered as highly cross-reactive aller-
gens and important components of the plant cytoskeleton
by the isolation of a cDNA coding for a cross-reactive
birch pollen allergen and its identification as profilin [28].
At that time, profilins were established as important com-
ponents of the eukaryotic cytoskeleton (i.e. actin-binding
proteins) and elements in signal transduction, but they
were not described in plants. Because of their highly con-
served biological function, profilins from various organ-
isms share sequence homology, interact with ligands (e.g.
actin) from other organisms and have preserved their
three-dimensional structure [29–33]. Accordingly, there is
extensive cross-reactivity of allergic patients’ IgE anti-
bodies with profilins from different plant sources but also
with profilin from other organisms, including man. Profil-
ins are well established as clinically relevant cross-reactive
allergens in tree, grass and weed pollens and are also
expressed at lower levels in somatic plant tissues (e.g.
fruits, leaves, seeds, roots). Therefore, allergic individuals
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Fig. 1. Profilin, a highly cross-reactive panallergen. Profilins are structurally conserved eukaryotic proteins which have
been described as allergens in trees, grasses, weed pollens, fruits, vegetables, nuts, latex and even in man. Profilin-
sensitized patients either exhibit clinically relevant reactivity to several of the displayed allergen sources or are at risk of
developing allergic symptoms.

producing IgE antibodies towards profilin frequently be-
long to a group of patients who either suffer from manifest
allergic reactions to pollens from various plants and plant-
derived foods or are at least at risk to mount clinically
significant reactions towards a variety of profilin-contain-
ing allergen sources (fig. 1). Whether the levels of profilin-
specific IgE antibodies, the amount and availability of
profilin in the different allergen sources or the route and/
or mode of exposure determine the extent of clinically rel-
evant allergic reactions to profilin-containing allergen
sources has not yet been fully investigated. However, the
extensive cross-reactivity of profilin-specific IgE anti-
bodies and the in vivo allergenic activity of profilins have
been thoroughly documented [34–37]. Sensitization to

profilin can be expected in different populations at levels
varying between 5 and 40% depending on exposure to
various profilin-containing allergen sources [38]. The
presence of profilin-specific IgE antibodies in allergic
patients may be one, but not the only reason for cross-
sensitization to many unrelated allergen sources. Since
allergen extracts used for immunotherapy are primarily
standardized regarding the presence of major allergens,
but not regarding the presence of profilin, it is possible
that profilin-reactive patients will benefit less from aller-
gen-specific immunotherapy. The appearance of detect-
able levels of profilin-specific IgE antibodies in allergic
patients during the normal course of allergic disease or
during or after immunotherapy deserves attention as it
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Fig. 2. Bet v 1, the major birch pollen allergen, cross-reacts with allergens in Fagales pollens and plant-derived foods.
The presence of allergens cross-reacting with the major birch pollen allergen, Bet v 1, has been demonstrated for
pollens of trees belonging to the order Fagales (birch, alder, hazel, hornbeam, oak), fruits, vegetables, certain nuts and
spices. Patients showing Bet v 1-specific IgE either suffer from allergies to the displayed allergen sources or are at risk
of progressing to allergic symptoms.

may indicate that the patient is at risk of broadening his or
her sensitivity towards several allergen sources [39].

Bet v 1, the Major Birch Pollen Allergen:
Predictor for Fagales Pollen and Plant Food
Sensitization

Bet v 1, a 17-kD protein, is the major allergen of birch
pollen [40]. More than 95% of birch pollen-allergic pa-
tients show IgE reactivity to Bet v 1 and more than 60%
are exclusively sensitized to Bet v 1 in birch pollen [41].
Bet v 1-specific IgE antibodies cross-react with Bet v 1-
related allergens in pollens of trees belonging to the order

Fagales, in particular with Aln g 1 (alder), Cor a 1 (hazel)
and Car b 1 (hornbeam) but pollens from other trees con-
tain Bet v 1-related proteins (oak, chestnut) as well [8, 42,
43]. Consequently, patients suffering from birch pollen
allergy can exhibit allergic symptoms also upon exposure
to pollens from trees belonging to the order Fagales due to
IgE-mediated cross-reactivity to Bet v 1-homologous al-
lergens in these pollens. Furthermore, it has been dem-
onstrated that various plant foods (fruits, vegetables
and spices) contain Bet v 1-related allergens (e.g. carrot:
Dau c 1; celery: Api g 1; apple: Mal d 1; cherry: Pru av 1;
hazelnut, but not peanut or walnuts) [44–49]. Likewise,
birch pollen allergy can be associated with IgE-mediated
hypersensitivity to spices due to cross-reactivity with Bet
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Fig. 3. IgE reactivity to two-EF-hand cal-
cium-binding allergens present in pollens of
botanically unrelated grasses, trees and
weeds. A patient with IgE antibodies against
the calcium-binding allergen from timothy
grass, Phl p 7, exhibits IgE cross-reactivity
with related allergens in birch and ragweed
pollens.

v 1-related allergens [50, 51]. Allergic patients showing
Bet v 1-specific IgE-reactivity are therefore not only sensi-
tized to birch pollen and pollens of trees belonging to the
Fagales order but frequently also suffer from allergies to
plant-derived foods (fig. 2). Allergen-specific immuno-
therapy of Bet v 1-reactive patients with birch pollen
extract is indicated according to the guidelines for specific
immunotherapy because most birch pollen extracts con-
tain sufficient amounts of Bet v 1 and are mostly stan-
dardized regarding their Bet v 1 contents. Since Bet v 1
cross-reacts with the major Fagales pollen allergens and
related plant food allergens immunotherapy with birch
pollen extract may improve allergy to Fagales pollens and
the concomitant oral allergy syndrome [52, 53]. Since Bet
v 1 is the most important and abundant allergen in birch
pollen and most birch pollen-specific IgE is directed
against rBet v 1 [8], it is likely that patients who produce
IgE antibodies to birch pollen extract but lack Bet v 1-
specific IgE were sensitized against cross-reactive aller-
gens from other sources (e.g. profilins or EF-hand aller-
gens from grasses). Such patients may appear positive in a
birch pollen extract-based test due to cross-reactivity with
other homologous proteins represented in birch pollen but
are probably not genuinely sensitized to birch (fig. 3, 4).
For this reason, and because birch pollen extracts used for
immunotherapy are primarily standardized regarding
their Bet v 1 contents, it is suggested not to treat such

patients with birch pollen-specific immunotherapy. It has
also been reported that birch pollen-allergic patients can
develop IgE antibodies against cross-reactive birch pollen
allergens other than Bet v 1 (e.g. birch profilin: Bet v 2;
two-EF-hand allergens from birch: Bet v 4) in the course
of immunotherapy [39], possibly as a result of the treat-
ment. Such patients deserve attention in order to clarify
whether such induction of IgE antibodies against cross-
reactive allergens can lead to clinically relevant sensitiza-
tion to other allergen sources (e.g., grass, weed pollens).

Two-EF-Hand Calcium-Binding Pollen
Allergens: Predictors for Pollen
Polysensitization

Calcium-binding proteins containing two binding sites
for calcium, termed EF-hands, have been identified in
pollens of numerous plants (trees, grasses, weeds) [re-
viewed in ref. 54, 55]. These allergens are remarkable
because they are produced preferentially in pollen but not
in other plant tissues. Moreover, two-EF-hand allergens
from various pollens (alder: Aln g 4; birch: Bet v 4; olive:
Ole e 3; ash: Fra e 3; Bermuda grass: Cyn d 7; timothy
grass: Phl p 7; rape: Bra n 1, 2, Bra r 1, 2) contain cross-
reactive IgE epitopes [56–64]. Patients producing IgE
antibodies against two-EF-hand pollen allergens therefore
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Fig. 4. Clinically relevant sensitization to cross-reactive calcium-
binding allergens. The patient lacks IgE antibodies and skin reactivi-
ty to Bet v 1 and Bet v 2 and birch pollen is therefore unlikely as a
primary sensitizer. IgE reactivity to Phl p 1, Phl p 2 and Phl p 5
demonstrates sensitization to grass pollen and in addition there are
IgE antibodies to the calcium-binding allergen Phl p 7. The imme-
diate type skin reaction to birch pollen extract is apparently caused
by IgE cross-reactivity between Phl p 7 and the homologous protein
in birch pollen, Bet v 4.

belong to a group of patients who are either already aller-
gic or are at risk of developing allergic symptoms upon
contact with pollens from a broad spectrum of plants [65,
66]. Two-EF-hand calcium-binding allergens may there-
fore be considered as markers for broad pollen sensitiza-
tion, but are not implicated in allergy to plant-derived
foods because they have as yet not been detected in
somatic plant tissues. Figures 3 and 4 show in vitro and in
vivo test results for a 27-year-old male patient with aller-
gic symptoms during the flowering period of trees, grasses
and weeds (spring to autumn). Skin prick testing and
serology with allergen extracts yielded positive test results
for numerous tree pollens including birch, alder, hazel,
olive, grass pollens (timothy grass, rye grass, Bermuda
grass) and weed pollens (ragweed, mugwort, parietaria).

Immunoblot results demonstrated that reactivity to birch
pollen and ragweed pollen were mainly due to a two-EF-
hand allergen from birch and ragweed which cross-reacts
with the Phl p 7 allergen from timothy grass pollen (fig. 3).
Skin testing with recombinant allergens from timothy grass
and birch showed that this patient was sensitized to the
two-EF-hand allergen from timothy grass, Phl p 7, in addi-
tion to major timothy grass pollen allergens (Phl p 1, Phl
p 2, Phl p 5), but did not react with the major birch pollen
allergen, Bet v 1, or birch profilin, Bet v 2 (fig. 4). Although
only about 5–10% of pollen-allergic patients are cross-sen-
sitized against two-EF-hand pollen allergens, these patients
should be identified because of their multiple pollen sensi-
tivity. Indication for immunotherapy in such patients
needs careful consideration. The patient shown in figures 3
and 4 will probably not benefit from immunotherapy with
birch pollen or ragweed pollen extract because of his
unusual exclusive sensitization to the two-EF-hand aller-
gen and the lack of IgE against the major allergens in birch
(Bet v 1) and ragweed (Amb a 1). Whether immunotherapy
with grass pollen extract can be expected to be effective is
difficult to predict because currently available pollen aller-
gen extracts used for immunotherapy are not standardized
regarding their two-EF-hand allergen contents.

Similar as for profilin, it has been reported that pa-
tients who had received birch pollen-specific immuno-
therapy developed detectable antibody levels against two-
EF-hand allergens in birch (i.e. Bet v 4). It may therefore
be important to use cross-reactive allergens such as profil-
ins and two-EF-hand allergens to monitor pollen-allergic
patients during the natural course of their disease, and
especially during and after immunotherapy with pollen
extracts to detect the development of IgE reactivities
against such structures [39, 67]. Although not yet proven,
it cannot be excluded that induction of such cross-reactive
IgE antibodies may result in a broadening of clinically rel-
evant sensitivity.

Grass Pollen-Specific Marker Allergens

Grass pollen allergens belong to the most frequent and
potent elicitors of allergic symptoms. Due to the world-
wide occurrence of grasses and their abundant pollen pro-
duction, it can be estimated that more than 40% of aller-
gic patients are sensitized against grasses [68]. Pollen
from the different grass species, corn and other monocoty-
ledonous plants contain a variety of different allergen
molecules with cross-reactive potential. For example, pro-
filins and two EF-hand allergens have been described in
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grasses and shown to cross-react with homologous aller-
gens from botanically unrelated plants (e.g. trees, weeds)
[61–63, 69]. On the other hand, it is well established that
certain grass pollen allergens (groups 1, 2, 5, 6) are exclu-
sively present in pollen of grasses [70]. The latter four
allergens are of particular interest because they can be
used as diagnostic markers for a genuine grass pollen sen-
sitization. Group 1 grass pollen allergens with a molecular
weight of approximately 30 kD are the most frequently
recognized grass pollen allergens [71]. They are expressed
in all grasses, corn and in many other monocotyledonous
plants [72]. Approximately 90% of grass pollen-allergic
patients show IgE antibody reactivity to group 1 allergens
[72, 73]. Group 2 grass pollen allergens, with a molecular
weight of 10–12 kD, are recognized by IgE antibodies of
approximately 60% of grass pollen-allergic individuals
[73, 74]. In contrast to group 1 allergens, IgE-reactive
group 2 allergens are not expressed in pollens of all grass
species; for example, they were not detected in Cynodon
dactylon, Zea mays and Phragmites australis [10].

Group 5 allergens are important and major grass pollen
allergens with high allergenic activity in IgE-binding capac-
ity [75–79]. Approximately 80% of grass pollen-allergic
patients react with group 5 allergens which occur as pro-
teins with a molecular weight of approximately 30 kD in a
variety of grass species (e.g. timothy grass (Phleum pra-
tense), rye (Secale cereale), Kentucky bluegrass (Poa pra-
tense) and rye grass (Lolium perenne). However, they could
not be detected in Z. mays and C. dactylon [10].

Group 6 allergens are proteins with a molecular weight
of approximately 10 kD, which are recognized by 60–70%
of grass pollen-allergic patients [80–82] and have been
detected in only a few grass species (e.g. timothy grass,
Kentucky bluegrass) [82]. Due to the specific expression
of group 1, 2, 5, and 6 allergens in grass pollens and their
absence in other plants or plant products, these allergens
can be used as marker allergens for the diagnosis of grass
pollen allergy. Diagnostic tests based on recombinant Phl
p 1, rPhl p 2, rPhl p 5 and rPhl p 6 will thus specifically
detect patients with a genuine sensitization to grasses.
rPhl p 2, rPhl p 5 and rPhl p 6 should be useful tools to
further define the potentially sensitizing grass for a given
patient. For example, patients showing rPhl p 1-specific
IgE but lacking IgE to rPhl p 2, rPhl p 5, rPhl p 6 are likely
sensitized to certain grass or monocot pollens (e.g. C. dac-
tylon, Z. mays) [10]. On the other hand, patients with
rPhl p 6-specific IgE are likely sensitized preferentially
towards timothy grass or Kentucky bluegrass [82]. Pa-
tients lacking IgE antibodies against any of the four
recombinant marker allergens may appear positive in

grass pollen extract-based diagnostic tests because of IgE
binding to other grass pollen proteins with cross-reactive
potential, but may have been sensitized towards allergen
sources other than grass pollen.

Because of the latter arguments and the fact that grass
pollen extracts used for immunotherapy are mainly stan-
dardized regarding their contents of group 1, 2, and 5
allergens, we would recommend caution against immuno-
therapy with grass pollen extracts in patients lacking IgE
antibodies against any of the four marker allergens (i.e.
rPhl p 1, rPhl p 2, rPhl p 5, rPhl p 6).

Summary, Conclusions and Suggestions

Well-defined recombinant allergens may be used as
diagnostic marker allergens to characterize allergic pa-
tients and to select optimal therapy strategies. IgE reactiv-
ity to highly cross-reactive allergens allows to identify
patients with a broad sensitization or who are at risk of
developing allergic symptoms to many allergen sources.
On the other hand, allergens with a very restricted occur-
rence in certain allergen sources can be used to identify
patients with genuine sensitization to those sources.

Pollen Profilins (e.g. Birch: Bet v 2; Timothy Grass:
Phl p 12)
Profilins occur as highly cross-reactive allergens in a

variety of botanically unrelated plants and plant products.
Patients producing specific IgE antibodies are either sen-
sitized or at risk of developing allergic reactions to various
plant pollens and plant-derived foods. Patients with pro-
filin-based polysensitization may be difficult to treat with
current extract-based forms of immunotherapy. The ap-
pearance of profilin-specific IgE reactivity in the course of
natural allergic disease or during immunotherapy war-
rants monitoring of the patients for signs of broadening
sensitivity towards multiple allergen sources.

The Major Birch Pollen Allergen, Bet v 1
Bet v 1 is the major allergen in birch pollen and cross-

reacts with the major pollen allergens from Fagales trees
and a variety of plant food allergens. Patients reacting
with Bet v 1 may be suited for immunotherapy with birch
pollen extract whereas a lack of specific reactivity to Bet
v 1 suggests that birch pollen-specific immunotherapy may
not be the most appropriate treatment. There is evidence
that successful birch pollen-specific immunotherapy may
have beneficial effects on allergy to Fagales pollen allergy
and perhaps on certain forms of plant food allergy.
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Two-EF-Hand Calcium-Binding Pollen Allergens
(e.g. Phl p 7, Bet v 4)
These occur as highly cross-reactive allergens in pol-

lens from a variety of plant species but have not been
detected in plant-derived foods. Patients carrying IgE
antibodies specific for two-EF-hand pollen allergens fre-
quently suffer from multiple pollen allergies and may be
difficult to treat with specific immunotherapy based on
pollen extract.

Grass Pollen-Specific Marker Allergens
(e.g. Phl p 1, Phl p 2, Phl p 5, Phl p 6)
These allergens may serve as highly specific markers

for sensitization to grass pollen. Accordingly, patients

with reactivity to these allergens should be suited for grass
pollen-specific immunotherapy whereas patients lacking
IgE to any of the four molecules should be investigated for
identification of a more likely sensitizer. Since Phl p 2,
Phl p 5 and Phl p 6 are not present in all grass species, they
may be instrumental in the selection of appropriate grass
pollen extract for immunotherapy.
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