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Recombinant allergens for immunotherapy

Rudolf Valenta, MD,a and Verena Niederberger, MDb,c Vienna, Austria, and London,

United Kingdom
Recombinant allergens can be produced as defined molecules

in consistent quality and unlimited amounts according to the

corresponding DNA template. Furthermore, they can be

modified to reduce their allergenic activity and to foster certain

advantageous immunologic properties. Recombinant allergens

equaling the natural allergens are available for diagnostic and

therapeutic purposes, and modified versions have been

developed with the aim to to reduce IgE-mediated side effects

during immunotherapy. First injection immunotherapy trials

conducted with recombinant vaccines for birch pollen and

grass pollen allergy show that recombinant allergen–based

immunotherapy has vaccination characteristics and is clinically

effective. The obtained results hold promise that recombinant

allergen–based immunotherapy will improve current

immunotherapy practice and may open possibilities for new

treatment strategies and possibly even for prophylactic

vaccination. (J Allergy Clin Immunol nnnn;nnn:nnn-nnn.)
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Traditional allergen extracts are prepared from natural
allergen sources and accordingly have numerous disad-
vantages that cannot be overcome with existing technical
means (Table I). Allergen extracts contain undefined
amounts of nonallergenic materials, of which certain com-
ponents have been shown to prime TH2 responses.1 In
many cases, important allergens are present in small
amounts or lacking, and their biological potency is subject
to huge variability.2 In contrast, recombinant allergens can
be produced with high purity by using controlled produc-
tion procedures that yield defined molecules with known
molecular, immunologic, and biological characteristics.3

Recombinant allergens can be produced as molecules
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that exactly mimic the properties of the natural allergens
(ie, recombinant wild-type allergens); as modified variants
with advantageous properties such as reduced allergenic
activity or increased immunogenicity; or as hybrid mole-
cules resembling the epitopes of several different allergens
to include the relevant epitopes of complex allergen
sources.4,5 Attempts are made to control the quality of tra-
ditional allergen extracts by using different standardization
procedures (eg, testing of biological activity or IgE reac-
tivity, measurement of certain allergens in the extract),
but despite these efforts, extracts remain undefined mix-
tures of allergenic and nonallergenic materials. Their com-
position cannot be altered, and products from different
companies and even batches from the same company are
not comparable. There are reports that allergen extracts
can be contaminated with allergens from other sources,6

and it has been found that patients developed new IgE re-
activities under treatment with allergen extracts.7 Allergen
extracts also cannot be manufactured to suit the individual
patient’s sensitization profile. Each of these problems
related to allergen extracts can be easily overcome with
recombinant allergens. Vaccines can be formulated con-
taining defined molecules on the basis of mass units.
Recombinant allergen–based vaccines do not contain ir-
relevant or unwanted components and in principle can
be tailored to the patient’s sensitization profile and sen-
sitivity. Most recombinant allergens can be expressed in
large amounts in Escherichia coli or insect cells at low
cost without risk of containing infectious materials.

What has been said about the disadvantages of natural
allergen extracts is even more true for allergoids, which
are made from allergen extracts by difficult-to-control
chemical modifications to reduce their allergenic activity.
It is almost impossible to characterize allergoids properly
because they are not only derived from poorly defined
allergen extracts but also have lost IgE and antibody
epitopes on which most existing standardization pro-
cedures rely. Especially for the preparation of defined
hypoallergenic allergen derivatives, recombinant DNA
technology offers a huge advantage over the traditional
chemical modifications. Well characterized hypoallergenic

Abbreviations used
rBet v 1: Recombinant Bet v 1

rBet v 1-FV: Folding variant of recombinant Bet v 1

rPhl p 1: Recombinant Phl p 1
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allergen derivatives have been developed by recombinant
DNA technology for many of the most common aller-
gens.4,8 Such molecules can be designed according to dif-
ferent vaccination or tolerance induction strategies to
harbor all relevant T-cell epitopes and to preserve the
capacity to induce beneficial IgG antibody responses.9

An overview of the many possibilities to produce new types
of allergen modifications for the improvement of immuno-
therapy and eventually prophylactic treatment has been
published.4

CRITICAL STEPS IN THE DEVELOPMENT
OF RECOMBINANT ALLERGEN–BASED
VACCINES

Important questions that need to be addressed for the
rational design of recombinant allergen–based vaccines
are displayed in Fig 1. These issues are exemplified for
2 allergen sources, birch pollen and grass pollen, for
which recombinant allergen–based vaccines have been
developed and have entered clinical trials. The first impor-
tant step is the selection of the predominant allergen
sources. Selection criteria may include the frequency of
sensitization, the clinical relevance, the magnitude of
IgE responses, and the extent to which IgE epitopes are
represented in a given allergen source. By using IgE

TABLE I. Advantages of recombinant allergens over

traditional allergen extracts

Disadvantages of natural allergen extracts

Contain numerous undefined components, some of which may

promote allergic immune responses

Lack or contain low amounts of important allergens

Contain allergens with widely varying potencies and ratios

Can be contaminated with unwanted materials or allergens from

other sources

Cannot be tailored to the patient’s sensitization profile

May induce new sensitizations

Do not suit the international quality standards for vaccines

Cannot be compared between different products, batches

Do not allow the precise monitoring and investigation of

mechanisms underlying treatment

Advantages of recombinant allergens

Represent molecules with defined physicochemical and

immunologic properties that can be modified to foster

advantageous characteristics

Amounts can be easily controlled on the basis of mass units

Potencies and ratios can be exactly adjusted for each molecule

Represent pure molecules

Vaccines can be exactly tailored according to the patient’s

sensitization profile

Fit the international quality standards for vaccines

Can be precisely compared to give consistent and reproducible

products, batches

Allow the precise monitoring and investigation of mechanisms

underlying treatment

Can be reproducibly modified to suit different treatment strategies
competition experiments in different populations, it has
been demonstrated that the majority of IgE epitopes pre-
sent in pollens of trees belonging to the order Fagales
(eg, birch, alder, hazel, hornbeam, and so forth) and re-
lated plant food is represented by the major birch pollen
allergen, Bet v 1.10 Similar experiments have identified a
panel of recombinant timothy grass pollen allergens that
contains the majority of IgE epitopes present in grass
pollens.11

For the identification of cDNAs coding for the biolog-
ically most active allergen isoforms, screening protocols
relying on IgE antibodies from patients with allergy may
be preferred over DNA-based strategies (eg, PCR-based
cloning), which may also deliver cDNAs coding for
allergen isoforms with low biological activity. The ques-
tion of whether a panel of recombinant allergens resem-
bles the IgE epitope complexity to which patients are
exposed and sensitized can be addressed by IgE compe-
tition experiments if it is possible to obtain the natural
allergens by extraction procedures. However, for many
allergen sources (mites, molds, food), it is impossible to
obtain suitable reference preparations from natural aller-
gen sources to allow an accurate comparison of recombi-
nant and natural allergens. Often important new allergens
are discovered by molecular cloning techniques, not by
protein chemical methods, because they are not present in
natural allergen extracts. In these cases, it is important to
obtain as complete a panel as possible of recombinant
allergens via IgE-based screening approaches and to
evaluate the relevance of the individual components. The
evaluation of the individual molecules should be per-
formed by IgE testing in large patient populations and most
importantly by provocation testing because IgE serology
is not always a good predictor for the allergenic activity
and clinical relevance of a certain allergen molecule.

In our experience, skin testing is a useful method for the
evaluation of the biological activity of recombinant aller-
gens.12,13 Skin test studies performed in different popula-
tions may therefore be used for the identification of the
clinically most relevant allergen molecules to be included
in a therapeutic vaccine for a given allergen source. Lack
of clinically relevant allergens will clearly reduce the effi-
cacy of a vaccine, and inclusion of clinically not relevant
molecules will make the production of the vaccine more
complicated and increase costs. Information regarding the
continuously growing number of recombinant allergen
molecules can be extracted from databases.14 New diagnos-
tic multiallergen tests consisting of microarrayed marker
allergens have been developed to facilitate the diagnosis
and accurate prescription of immunotherapy.15

CURRENT STATUS OF RECOMBINANT
ALLERGEN–BASED IMMUNOTHERAPY

The selection of the relevant recombinant allergen
molecules is the prerequisite for rationale vaccine devel-
opment. Two types of recombinant allergen–based vac-
cines have been developed and tested in clinical trials. The
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FIG 1. Steps toward recombinant allergen–based vaccines.
first type is based on the use of recombinant allergens that
equal the natural allergens (ie, recombinant wild-type–
based vaccines), and the second type is based on genet-
ically engineered/modified recombinant allergens that
exhibit reduced allergenic activity (Table II).

In fact, the first immunotherapy trial with recombinant
material has been performed with genetically modified
hypoallergenic derivatives of the major birch pollen
allergen, Bet v 1, and several analytic studies have been
performed.16 In this multicenter, randomized, double-
blind, placebo-controlled study, 124 patients with birch
pollen allergy received a single preseasonal course of
injection immunotherapy with a mixture of 2 recombinant
Bet v 1 fragments or a recombinant trimer of Bet v 1 ad-
sorbed to aluminium hydroxide. Preclinical testing has
shown that recombinant Bet v 1 (rBet v 1) fragments
and rBet v 1 trimer had a more than 100-fold reduced
allergenic activity compared with Bet v 1.17-20 Because
of the hypoallergenic nature of the derivatives, patients
were able to tolerate maintenance doses of 80 mg active in-
gredient per injection, and most of the patients reached cu-
mulative doses of more than 150 mg active preparation in
the short treatment period. Despite the fact that only 1 pre-
seasonal treatment was given, patients developed robust
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TABLE II. Immunotherapy trials with recombinant allergen-based vaccines

Molecules

Allergen

source

Treatment

groups

No. of

patients Application Adjuvant

Study

design References

Type I recombinant

wild-type allergen

rPhl p 11rPhl p 21

rPhl p 5a1rPhl

p 5b1 rPhl p 6

Grass pollen Allergen mix, placebo n 5 62 Subcutaneous Alum DBPC, randomized,

single-center

25

rBet v 1 Birch pollen rBet v 1, nBet v 1,

birch pollen extract,

placebo

n 5 147 Subcutaneous Alum DBPC, randomized,

multicenter

27

Type II recombinant

hypoallergenic

allergen

derivatives

rBet v 1 fragments

rBet v 1 trimer

Birch pollen rBet v 1 fragments,

rBet v 1 trimer,

placebo

n 5 124 Subcutaneous Alum DBPC, randomized,

multicenter

16, 21, 22, 23

rBet v 1-FV Birch pollen rBet v 1-FV

reference group

birch pollen extract

n 5 51 Subcutaneous Alum Open, single-center 24

Alum, Aluminium hydroxide; DBPC, double-blind, placebo-controlled.
IgG (IgG1, IgG4, IgG2) antibody responses against natural
Bet v 1, Bet v 1-related pollen allergens from alder (Aln g 1)
and hazel (Cor a 1), and food allergens (ie, apple, Mal d 1;
carrot, Dau c 1; and celery, Api g 1).16,21 These antibodies
but no relevant rises of allergen-specific IgA were detect-
able in serum and nasal secretions and were associated
with a reduction of immediate-type cutaneous and nasal
sensitivity to Bet v 1 and inhibited Bet v 1–induced baso-
phil degranulation in vitro.16,22 Interestingly, 1 treatment
course was sufficient to induce a blunting of seasonal pol-
len exposure-induced rises of allergen-specific IgE in both
actively treated groups but not in the placebo group.16

Trimer-treated patients exhibited a reduction of Bet v
1–specific TH2 responses which may be due to the high
treatment dose or the intrinsic ability of the Bet v 1 trimer
to induce higher TH1 responses than the recombinant
wild-type allergen.23 Although patients had received
only 1 treatment course, there was a trend toward clinical
improvement regarding respiratory birch pollen allergy
and birch pollen–associated oral allergy syndrome.
Similar results were obtained with a folding variant of
rBet v 1 (rBet v 1-FV) adsorbed to aluminium hydroxide
that had been prepared to reduce the allergenic activity
of the allergen.24 A study was conducted in a group of
24 patients with birch pollen allergy receiving rBet v 1-
FV versus a reference group composed of 27 individuals
receiving a birch pollen extract–based vaccine as a presea-
sonal injection course. Patients received maintenance
doses of as much as 80 mg rBet v 1-FV, reaching a cumu-
lative dose of 157.7 mg, and developed Bet v 1–specific
IgG1 and IgG4 responses. Notably, they showed a 53%
lower symptom medication score compared with a parallel
group treated with birch pollen extract.24

As far as recombinant allergens equalling the natural
allergens are concerned, there are currently data from 2
immunotherapy trials available. The first study performed
with recombinant wild-type allergens was performed as
randomized, double-blind, placebo-controlled study with
an equimolar mixture of 5 aluminium hydroxide–ad-
sorbed recombinant timothy grass pollen allergens—Phl
p 1, Phl p 2, Phl p 5a, Phl p 5b, and Phl p 6—in patients
with grass pollen allergy (maintenance dose, 40 mg total
protein consisting of 10 mg rPhl p 1, 5 mg rPhl p 2, 10 mg
rPhl p 5a, 10 mg rPhl p 5b, and 5 mg rPhl p 6).25 Sixty-two
subjects were randomized, of whom 29 actively treated
and 28 placebo patients could be fully analyzed. Patients
received a preseasonal up-dosing treatment, and treatment
was continued with approximately monthly injections for
a period of 2 years. Similar to the results of trials with
genetically modified allergens, actively treated patients
developed robust IgG1 and IgG4 antibody production
against natural grass pollen allergens, and clinical im-
provement was observed in these patients.25

The first results from the largest trial performed with a
recombinant wild-type allergen26 were presented in June
2006 at the 25th European Academy of Allergy and
Clinical Immunology congress in Vienna. In a multicen-
ter, double-blind, placebo-controlled trial, 147 patients
with birch pollen allergy were randomized in 4 groups:
1 group receiving recombinant major birch pollen aller-
gen, Bet v 1a; 1 purified natural Bet v 1; 1 birch pollen
extract; and 1 placebo.27 Patients received aluminium
hydroxide–adsorbed preparations in a preseasonal build-
up phase and monthly injections with a maximal mainte-
nance dose of 15 mg Bet v 1 for a period of 2 years. In
both years, actively treated patients showed a significant
clinical improvement in both symptom and medication
scores over placebo. In addition, a strong induction of
Bet v 1–specific IgG1, IgG4, and IgG2 antibody responses
and a reduction of cutaneous sensitivity to birch pollen–
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derived Bet v 1 and rBet v 1 were observed. This study was
the first to demonstrate in a direct comparison that a single
recombinant allergen is as effective as treatment with a
natural extract for the treatment of respiratory allergy.27

In conclusion, the clinical studies performed with
recombinant wild-type allergens and genetically modified
hypoallergenic allergen derivatives indicate that these
molecules can be used for immunotherapy for allergen
sources containing 1 predominant allergen as well as for
complex allergen sources, provided that the relevant
allergens have been identified and included in the vaccine.

FUTURE PERSPECTIVES

Encouraging results have been obtained with recombi-
nant allergen–based vaccines in the first proof of principle
studies conducted for birch and grass pollen allergy. It is
therefore likely that recombinant allergen–based thera-
peutic vaccines can be developed according to the same
principles—that is, use of recombinant wild-type aller-
gens and hypoallergenic derivatives for the most common
allergen sources. Future work will have to focus on the
identification of the relevant allergens in these allergen
sources, the thorough preclinical characterization and
selection of the candidate vaccines, and the rational design
of immunotherapy studies involving objective as well as
subjective parameters for measuring clinical efficacy.
With the use of defined molecules instead of crude
allergen extract–based mixtures, it will be possible to
decipher more precisely the mechanisms underlying im-
munotherapy and to develop new forms of immunother-
apy and perhaps prophylactic immunotherapy strategies.
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et al. 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. J Allergy Clin Immunol 1998;102:579-91.
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