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H. GRÖNLUND*

Department of General and Experimental Pathology, Vienna General Hospital, University of Vienna, Vienna, Austria,
*Pharmacia & Upjohn Diagnostics AB, Uppsala, Sweden and†Department of Otorhinolaryngology, Vienna General
Hospital, University of Vienna, Vienna, Austria

Summary

Current forms of allergy diagnosis and specific immuno-
therapy are performed with allergen extracts. Allergen
extracts contain a variety of allergenic and nonallergenic
components and their allergen content is often cumbersome
to standardize. If used for diagnostic purposes, positive
reactions to a given allergen extract will thus provide the
information that an allergic subject is sensitized against
extract components, but without identifying them. Like-
wise, extract-based immunotherapy cannot be adapted to the
individual patient’s sensitization pattern. Here we review
progress in the field of molecular allergen characterization
by recombinant DNA technology, leading to novel forms of
component-resolved diagnostics (CRD) and immunother-
apy (CRIT) based on recombinant allergens. Several studies
have demonstrated advantages of recombinant allergen-
based diagnosis. Using recombinant allergens inin vitro
diagnostic devices, a patient’s individual IgE reactivity
profile can be quantitatively established. The presence of
IgE to cross-reactive allergen components can thus be
determined and used to predict clinically relevant sensitiza-
tion to allergen sources which contain immunologically
related allergens. Moreover it has been demonstrated that
cocktails of recombinant allergens, matching the IgE epi-
tope complexity present in natural allergen extracts, can be
assembled. Component-resolved diagnosis will thus allow
the precise selection of those molecules for specific immu-
notherapy to which a patient is actually sensitized. Recently,
several recombinant hypoallergenic allergen derivatives
have been developed for immunotherapy. The progress in
allergen research achieved by the use of recombinant DNA
technology holds promise that component-resolved diagno-
sis and immunotherapy may help refine the procedures of

allergy diagnosis and immunotherapy in the coming decade
and beyond.

Introduction

The term atopy describes the genetically determined tendency of
a given individual to mount IgE antibodies against otherwise
harmless antigens (i.e. allergens) [1]. Almost 20% of the western
world population suffer from Type I allergy which can therefore
be considered a major health threat in industrialized countries
[2]. While IgE constitutes the least abundant class of immuno-
globulins [3,4], the interaction between these antibodies and
allergens acts to elicit specific and powerful cellular reactions.
Immediate symptoms result from cross-linking of effector cell
(e.g. mast cell, basophil) -bound IgE antibodies by allergens
and the subsequent release of inflammatory mediators such
as histamine and leucotrienes [5]. Chronic manifestations of
atopy involve activation of eosinophils [6] and allergen-specific
T cells, the latter process being enhanced when allergens are
presented via IgE that is bound to antigen-presenting cells via
the high-affinity Fc«RI [7].

Diagnosis of Type I allergy is based on the detection
of allergen-specific IgE antibodies or the elicitation of
immediate symptoms by provocation testing (e.g. skin testing,
nasal, oral or bronchial provocation). While the symptoms of
Type I allergy can be reduced by pharmacological treatment,
allergen-specific immunotherapy probably represents the only
causative allergy treatment [8]. Allergen-specific immuno-
therapy is based on the administration of increasing
doses of allergens to induce a state of allergen-specific
non-responsiveness [9]. Diagnosis as well as specific
immunotherapy are currently performed with extracts
obtained from natural allergen sources. Attempts to isolate
and purify the disease-eliciting allergens from the natural
allergen sources for diagnostic and therapeutic purposes
have proven too difficult and expensive for routine applica-
tion. However, with the introduction of recombinant DNA
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technology in the field of allergen characterization, an
increasing number of recombinant allergens with immuno-
logical properties comparable with the natural allergens
have become available [10,11]. Based on the progress
made in the field of recombinant allergens, this review
introduces a new diagnostic and therapeutic concept for
Type I allergy. Component-resolved diagnosis uses defined
recombinant allergens to dissect the individual patient’s IgE
reactivity profile with the aim of identifying the disease-
eliciting molecules. These can be genetically engineered or
serve as templates for the design of synthetic hypoallergenic
allergen derivatives with reduced anaphylactic activity for
use in patient-tailored treatment (component-resolved
immunotherapy).

Allergen sources, allergen extracts and allergens

The term allergen source defines the biological origin of
allergens whereas an allergen extract represents a mixture of
allergenic and nonallergenic moities obtained by aqueous
extraction of the allergen source. It is common, however,
that the word ‘allergen’ is used in the meaning of allergen
source or allergen extract. In our opinion, this is unfortunate
and may cause confusion since ‘allergen’, at least in
scientific communication, is defined as a molecular entity
with the capacity to bind IgE antibodies and elicit allergic
reactions. Thus, we would advocate a more restrictive and
stringent use of the word ‘allergen’. Figure 1 is intended to
illustrate these definitions. Grass pollen (Fig. 1a: e.g.
timothy grass,Phleum pratense) represents a potent and
widely spread allergen source world-wide [12]. Up to 40%
of all allergic individuals carry serum IgE antibodies react-
ing with grass pollen allergens and exhibit immediate-type
symptoms upon contact with grass pollen [13]. Timothy
grass pollen extract (Fig. 1b: lane PPE) contains a variety of
allergenic and nonallergenic proteins and glycoproteins as
well as other components such as carbohydrates, nucleic
acids and various small metabolites. However, only certain
timothy grass pollen proteins, represented at least in part
by the purified recombinant and natural allergens shown in
Fig. 1(b) (lanes r1–r12), bind IgE antibodies and elicit
allergic reactions. Pure allergens can be obtained from the
natural allergen sources (e.g. nPhl p 4), or by recombinant
DNA technology through the introduction of allergen-
encoding DNA into a foreign host organism [10,11].
Depending on the host organism, the recombinant allergens
are expressed without (bacteria) or with (eukaryotic cells)
post-translational modifications. When the expression of the
allergen-encoding DNA is controlled by a strong promoter
[14], the recombinant allergen can account for up to 50% of
total cellular protein which greatly facilitates its subsequent
purification. Alternatively, affinity-tagged recombinant
allergens can be expressed and purified by a single step of

chromatography [15]. Recombinant allergens can be pro-
duced identically time and time again without genetic,
biological or batch-to-batch variation of the protein. This
ensures that allergen reagents of consistent quality and
superior standardization can be obtained.

Although the distinction between the terms ‘allergen
source’, ‘allergen extract’ and ‘allergen’ may seem trivial,
it is important for the understanding of different aspects of
the allergic disease. For example, it is known that allergic
individuals may show inconsistent allergic reactions upon
contact with an allergen source at different, seemingly
comparable occasions. This may happen when the reaction
is due to an allergen that occurs as a sporadic contamination
in an unrelated allergen source (e.g. presence of mite
allergens in animal hair dander extracts) [16], when certain
allergens are, for developmental or other reasons, not
expressed in the allergen source (e.g. many pollen allergens
are expressed only in mature pollen [17]; the expression of
mould allergens varies greatly depending on culture condi-
tions [18]) or when symptom-eliciting allergens are poorly
extracted from the allergen source or become degraded (e.g.
plant food allergens [19]). In contrast, the use of defined
allergens in diagnostic tests will enable unambiguous,
specificity-resolved analysis of the patient’s IgE reactivity
profile in a way which is not possible with conventional,
extract-based technology. This may also be of interest in the
context of monitoring immunological changes occurring
naturally or following immunotherapy.

Many allergic individuals exhibit allergic symptoms after
contact with various unrelated allergen sources. For exam-
ple, birch pollen-allergic patients frequently experience oral
allergic reactions after eating certain fruits, vegetables or
spices, a phenomenon which may be due to the presence of
structurally and immunologically related cross-reactive
allergens in the different sources [20,21], although they
may also represent genuine responses against unique epi-
topes in each of the sources. All of the examples given
above emphasize that diagnosis using allergen extracts can
serve to identify sensitization to a certain allergen source
but will give no information regarding the molecular iden-
tity of the disease-eliciting allergen and the immunological
mechanisms operative. In contrast, using recombinant
allergens it is possible to measure humoral, cellular and
biological responses to defined molecules. For the concept of
using defined allergens (molecules), as opposed to allergen
extracts (mixtures of allergens and other nonallergenic
components) for diagnosis of Type I allergy, we propose
the term component-resolved diagnosis.

The concept of component-resolved diagnostics

Molecular biological techniques were initially applied to
reveal the primary structure and molecular identity of
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allergens rather than to produce recombinant allergens for
clinical applications [10]. The idea that it may be possible to
produce panels of recombinant allergens for diagnostic and
therapeutic purposes, which may complement or challenge

the use of natural allergen extracts has however, drawn
support from several findings. Firstly, sequence analysis of
allergens indicated that structurally related allergens exist
not only in more closely related allergen sources, but also in
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Fig. 1. Timothy grass represents one of the most potent allergen sources world-wide (Fig. 1a: reproduced from Allergy-Which allergens?
Pharmacia AB, Uppsala, Sweden). Timothy grass pollen (Phleum pratense) extract (Fig. 1b: PPE) contains a great variety of allergenic and
nonallergenic proteins. Purified recombinant (Fig. 1b: r1: rPhl p 1; r2: rPhl p 2; r5: rPhl p 5; r6: rPhl p 6; r7: rPhl p 7; r11: rPhl p 11; r12: rPhl
p 12) and natural (Fig. 1b: n4: natural Phl p 4) timothy grass pollen allergens can be produced and used separately or in controlled
proportion combination (Fig. 1b: mix), as desired. Molecular weights are indicated by a molecular weight standard.
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Fig. 2. Component-resolved diagnosis of grass pollen allergy. Quantitative IgE reactivity profiles were established for 10 grass pollen-
allergic patients (1–10), showing their individual sensitization pattern. Serum IgE levels to timothy grass pollen extract (PPE), and purified
grass pollen allergens (r1, r2, n4, r5, r6, r7, r11, r12) were determined using the Pharmacia CAP System. r1 = rPhl p 1, r2 = rPhl p 2, n1 =
nPhl p 4, r5 = rPhl p 5, r6 = rPhl p 6, r7 = rPhl p 7, r11 = rPhl p 11 and r12 = rPhl p 12



taxonomically distant species, and that these cross-reactive
molecules are often not strictly discriminated by the
patient’s immune system [22]. Secondly, immunological
and biological investigations have shown that many recom-
binant allergens behave similar to their natural counterparts
[11]. Thirdly, recombinant allergens which display most of
the IgE epitopes present in natural allergen extracts could be
produced and finally, a limited number of recombinant
allergens were found to be sufficient to diagnose most
patients with tree and grass pollen allergy [23–25]. As
exemplified in Fig. 5, it is possible in most cases (99%,
n¼ 150) to diagnose allergic sensitization to timothy grass
pollen by IgE serology using a limited panel of defined
allergens derived from this source. Moreover, the individual
patient’s sensitization profile can be precisely determined
with the single allergens,thus allowing component-resolved
diagnosis. CRD simultaneously allows determination of the
frequency of IgE recognition of the individual timothy grass
pollen allergens and measurement of the amount of grass
pollen-specific IgE antibodies directed against each of the
components [26]. CRD clearly demonstrates that grass
pollen-allergic patients differ widely with respect to their
IgE reactivity profiles. CRD also makes it possible to
measure changes of allergen-specific IgE levels following
natural allergen exposure, pharmacotherapy and specific
immunotherapy, which may be of particular interest in
relation to disease progression or treatment [27].

IgE recognition of cross-reactive recombinant allergens:
a predictor for broad clinical sensitization?

It may be argued that as long as appropriate forms of
component-resolved immunotherapy are not available,
CRD will provide little advantage over conventional
extract-based diagnosis and only serve to make allergy
diagnosis more complex. By contrast, we believe that the
application of CRD will generate valuable information
relating to the clinical significance of allergens, eventually
leading to the design of diagnostic tests for more precise
clinical questions or with enhanced diagnostic or prognostic
value. A positive reaction to an allergen with cross-reactive
potential may predict allergic reactions to all those allergen
sources which contain immunologically related molecules.
For example, two EF-hand calcium-binding proteins have
been identified as cross-reactive allergens in pollens of trees
[28–32], grasses [33–35] and weeds [36]. Serum IgE
antibodies from a timothy grass pollen-allergic patient,
binding to the two EF-hand allergen from timothy grass
pollen, Phl p 7, are likely to cross-react with pollen proteins
from most plants, in particular with other grass species
(including corn), trees of the Fagales order, olive and
weeds (Fig. 3). More importantly, the cross-reactivity
of IgE antibodies can be shown to produce a skin test

reaction to an EF-hand allergen from an unrelated plant
species (Fig. 4). Likewise, IgE reactivity to other highly
cross-reactive allergens such as profilin [37–41], animal
albumin [42] and birch pollen allergen Bet v 1 [20,43,44]
may be used to interpret clinical allergy symptoms and to
predict reactions to materials containing related allergens.

Will recombinant allergen mixtures provide similar
results as natural allergen extracts?

Allergen extracts contain many different proteins of aller-
genic potential and each of those may exist as multiple
variants differing slightly in their amino acid sequence or
post-translational modifications [45]. Moreover, there is
evidence that certain recombinant allergens, when produced
in prokaryotic expression systems, fail to behave compar-
ably with their natural counterparts [46]. The question
therefore arises whether it will be possible to replace natural
allergen extracts by combinations of recombinant allergens
without losing sensitivity in diagnostic tests. For tree and
grass pollen allergy it was clearly demonstrated that mix-
tures of a few recombinant allergens can reproduce the
allergenic complexity of natural allergen extracts required
for in vitro allergy diagnosis [23,24] and that these
allergens contained most of the IgE epitopes present in the
corresponding natural pollen extracts [47,48]. Figure 5
shows the correlation of IgE determinations obtained
using natural timothy grass pollen extract and a mixture of
defined timothy grass pollen allergens. Out of all 150 patient
samples tested, 148 (99%) exhibited comparable IgE reac-
tivity with the natural extract and the mixture of purified

900 R. Valentaet al.

q 1999 Blackwell Science Ltd,Clinical and Experimental Allergy, 29, 896–904

Fig. 3.Reactivity to two EF-hand calcium-binding pollen allergens
(e.g. Phl p 7) predicts clinical sensitization to pollens of unrelated
plant species.



allergens, suggesting that it should be feasible to replace
even complex allergen extracts by defined combinations of
recombinant allergen reagents without losing sensitivity in
the screening tests.

The concept of component-resolved immunotherapy

Specific immunotherapy is based on the administration of
increasing doses of the disease-eliciting allergens to induce
a state of non-responsiveness [8,9]. Since the introduction of
immunotherapy by Noon in 1911 [49], the treatment has
been modified to reduce the frequency of anaphylactic side-
effects. These modifications include adsorption of the aller-
gen extracts to suitable carriers (adjuvants) to prevent
systemic reactions, attenuation of the allergenic activity of
the extracts by denaturation (allergoids) [50], and different
modes of administration. Although progress has been made
regarding the standardization of allergen extracts by using

monoclonal antibodies, current forms of extract-based treat-
ment cannot be patient-tailored to include relevant allergens
only. Rather, all patients showing allergic reactions to proteins
present in a particular allergen source are treated with the same
complex extract regardless of their individual sensitization
profiles. The allergen extract is commonly administered with
an adjuvant and may therefore induce immune reactions
against extract components not recognized before treatment,
and such immunotherapy-induced sensitization has indeed
been reported to grass pollen allergens [27,51].

CRD allows the individual patient’s sensitization profile
to be determined and the selection of exactly those allergens
for immunotherapy to which the patient carries specific IgE.
Immunotherapy can then be performed with no other
proteins than those required to address the individual
patient’s sensitization problem component-resolved immu-
notherapy (CRIT). The use of purified recombinant allergens
will allow the production of adsorbates for immunotherapy

CRD and CRIT 901

q 1999 Blackwell Science Ltd,Clinical and Experimental Allergy, 29, 896–904

Fig. 4.Aln g 4 and Phl p 7, the two EF-hand
allergens from alder and timothy grass
pollen induce immediate type skin
reactions in sensitized patients. Two
allergic patients carrying Phl p 7-specific
serum IgE antibodies (A, B) and a
nonatopic individual were skin prick tested
with various concentrations (0.1–40mg/
mL) of purified rAln g 4 (Fig. 4a) or rPhl p
7 (Fig. 4b). In addition, individuals were
tested with histamine (þ or H), sodium
chloride solution (–), timothy grass (P or
Phl) or birch pollen extract (B). The outer
boundary of each weal area was marked
with a ball point pen.



which contain defined amounts of purified allergens and
hence meet the standards of regular vaccines [8]. In this
context it has been demonstrated that immunization of mice
with purified recombinant allergens induced IgG antibodies
which reacted with the natural counterparts, bound to
epitopes recognized by human IgE and blocked human
IgE binding to the allergens as well as allergen-induced
histamine release from basophils [52]. Moreover it is
possible to genetically engineer recombinant allergen deri-
vatives with attenuated allergenic activity. Several strate-
gies have been successfully used to generate hypoallergenic
allergen derivatives, including the production of allergen
fragments which either bear only single IgE binding sites
(IgE-binding haptens) [53] or fragments which lack or have
greatly reduced IgE-binding capacity [54,55]. Naturally
occurring isoforms of reduced allergenicity have been
reported [56] and allergen mutants with reduced IgE binding
capacity have been engineered [57–62]. Further, recombi-
nant production of birch pollen allergen Bet v 1 as oligo-
mers has been found to result in hypoallergenic properties of
the protein [63]. Clinical evaluation of the allergenic activ-
ity of rBet v 1 fragments and oligomers has demonstrated
that most patients tolerated at least a 100-fold higher dose of
the hypoallergenic derivatives as compared with wild-type
rBet v 1 [64,65]. It is expected that immunization with high
doses of recombinant hypoallergenic derivatives will pre-
ferentially induce a TH1-like immune response which

would be accompanied by induction of blocking IgG anti-
bodies [66–68]. Immunotherapy studies will now be
required to establish whether CRIT performed with hypoal-
lergenic recombinant allergens is effective and safe.
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