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A logical approach to investigate possible allergenicity of a food is by starting out with in
vitro investigations based on binding of specific IgE to a solid phase. A negative outcome in
these assays prompts further in vitro invrestigation e.g. using immunoblotting techniques
folowed by in vivo testing of suitable patients by Skin Prick Testing. Negative outcome here
prompts Double-Blind, Placebo-Controlled Food Challenges (DBPCFC) constituting the
ultimate diagnostic tools for establishing or ruling out a food allergy.
The different methods for
in vitro and in vivo
testing in this approach is
summarised from page 310, followed by Task
Force’s suggestion for
Risk Assessment of
Genetically
modified
foods (page 10-13), taken
from
the
European
Academy of Allergy and
Clinical
Immunology
Task
Force
on
“Genetically modified
foods and allergenicity,
which will be published
later this year.
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It is important to emphasize, that a positive outcome especially in the in vitro methods not
necessarily reflects clinical significance, and this fact is also true in some cases of skin Prick
Testing, whereas the Gold Standard, DBPCFC is considered having the highest level of
significance. On the other hand, false negative outcomes in the in vitro or in vivo systems may
be even more serious to the patients/consumers (1-3). Standardization of the procedures is
therefore of central importance.
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Chapter 5, Detection methods for allergenic transgene products
There are several reasons why it is important that the content of potential allergens can be
precisely and sensitively determined in GMO foods. Since it is the ultimate goal to secure safe
food consumption for the individual patient, the allergic population, and the society in total, both
consumers, producers, health care personal, and legislators should be able to have information
on the concentration of ingredients in a given food. It is important to emphasize, that this
information not only pertains to the actually products of modified genes, but to all potential
allergens, since the amount of gene products that are native to the organism, may very well be
changed by the introduction of a new or changed gene in the organism.
Determination of potential allergens by biological methods
The biological activity of food allergens or mixtures thereof may be determined by various in
vivo and in vitro methods that may quantitatively or semi-quantitatively express the combined
effects of individual allergenic molecules in a mixture. Even in the rare case of testing an
individual food allergen molecule, a response will emerge that is only declared relatively to other
allergenic substances or mixtures. Thus, an important feature of testing the biological activity of
mixtures is the lack a response which can be directly linked to individual molecular entities, and
this put special emphasis on the definition of both the test systems and the mixtures that are
tested.
The biological activity of a substance in relation to food allergy may be understood in various
ways. In the context of this review only food allergic diseases believed to be mediated by
immunoglobulin E (IgE) will be considered even though adverse reactions to foods include other
disease entities and even the term food allergy may comprise diseases elicited by several other
mechanisms (1).
The term allergenic may be understood both as the capacity to sensitize, i.e. induce an IgE
immune response, and as the capacity to elicit an allergic reaction in an individual already
sensitized. In this chapter only the latter meaning will be discussed corresponding to the left
branches of the decision trees. The induction of an allergic reaction in an already sensitized
individual, has been much more successfully investigated and as described below numerous
models exist for determination of the biological potency (Table 1), which lists the various test
procedures in the opposite direction of what is seen in the decision trees .
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TBL 1

Target

Species

Test system

In vivo

Entire
organism

Human

Challenge
patients

Experimental animals

Peroral
animals

Human

Skin testing of allergic
patients

Skin prick tests, intrademal
tests

Experimental animals

Actively or passively
sensitized animals

PCA

Basophils

Human

Actively or passively
sensitized basophils +
allergen

Basophil histamine release,
cord blood basophil histamine
release

Basophil
or mast
cells

Humanized, i.e. transfected with a human
IgE receptor

Passively sensitized cells

Mediator release

Mast cells

Rodents

Peritoneal mast cells

Histamine or other mediator
release

Skin

In
vitro

Examples
of

allergic

challenge

of

DBPCFC, open challenges
Anaphylactic response

Modified from In vivo and in vitro techniques to determine the biological activity of food
allergens (Review); Poulsen LK Submitted.
The Table illustrates the hierarchy that exist among these test systems as challenge of human
patients are considered as closest to the relevant biological response, i.e. elicitation of an actual
allergic response, albeit under controlled and safe circumstances. The next level in the hierarchy
is to use the skin as a restricted and localized area for challenge. This system obviously involves
the skin mast cells, which must be sensitized by IgE in order to respond to the offending allergen.
Leaving the in vivo systems, the next step is to use the sensitized basophil granulocyte as a model
for the sensitized mast cell present in the relevant organ of the patient. Moving further away from
the actual patient, basophil from a non-allergic donor such as cord blood may even be used as an
reagent which are then sensitized by IgE derived from an actual patient.
The above-mentioned human model systems all have their animal experimental counterparts
which will not be further discussed since many of the parameters of the human systems discussed
below, will also apply to animal models. The basic problem with experimental animals is to
actually make them allergic. Although several immunization schemes - often parenteral - are
available, which will readily produce an IgE response, it is still not known whether the mere
presence of IgE specific to a food allergen gives a good prediction of allergenicity.
The human challenge model: Double-blinded, placebo-controlled food challenges
The ultimate determination of the biological activity of a food allergen or a mixture of these is
the effect on a sensitized food allergic patient. The first report on double-blinded placebo
controlled food challenges (DBPCFC) is probably a study of May, where asthmatic children were
challenged with freeze-dried foods in capsules (2). By 1991 Bock and Atkins reviewed about 500
challenges performed at their pediatric centre, and a pattern emerged with relatively few placebo
reactions and a high degree of safety (3). Thus DBPCFC has been said to be the gold standard
of food hypersensitivity diagnosis (4), and is recommended by the European Academy for
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Allergy and Clinical Immunology as the only conclusive evidence of a food allergy, provided it
is performed properly (1).
For both practical and ethical reasons it is obvious, that patients cannot be routinely challenged
to potential allergenic preparations. Thus the main reason for conducting controlled food
challenges in patients is to verify or rule out a suspicion of food allergy, establishing a clinical
diagnosis for the benefit of the patient. It is possible however to perform clinical trials on allergic
patients in order to obtain knowledge about the allergenicity of GMO foods, provided that all
other toxicologal and safety issues have been satisfactory solved.
Skin tests in humans
For the standardization of inhalation allergens the skin test has been the most important tool, and
it is the recommended method for biological standardization of allergen extracts (5, 6). For this
reason skin tests have also been used extensively for diagnosis of food allergy (1), and it seems
well justified to use it for biological activity measurements of food allergens including GMOfoods. The rationale behind skin testing is that by introducing a small volume of allergen in the
skin - either intradermally or via a small puncture of the stratum corneum as in the skin prick test
- mast cells sensitized with specific IgE are activated via allergen cross-linking of this IgE. The
activation of mast cells results in release of mediators - primarily histamine - which induces a
wheal and flare reaction of the skin. Within a certain concentration range there is a dynamic
response, i.e. a wheal and flare with a larger area develop after application of a higher
concentration of allergen. The biological response is measured by planimetry as the area of the
wheal or the flare (7, 8) and the result may be quantified by end-point-titration, i.e. the highest
concentration in a titration which produces a negative response, or by comparison with a
standard, typically histamine in a concentration of 10 mg/ml. The patient must - besides being
well-defined as a patient - fulfill certain conditions such as an intact skin, lack of dermographism,
and abstinence from drugs such as antihistamines which will dramatically inhibit the skin reaction
(9). For ethical and safety reasons the test substance must be assured to be without infectious or
toxicological potential besides its allergenic properties. A detailed outline of the technique is
given in the guidelines, and will not be discussed here, but some points of special relevance for
food allergens and GMO foods should be mentioned, however. The guidelines recommend the
use of 20 patients with symptoms of moderate severity, but with the number of available patients
that have undergone a DBPCFC-procedure this may present a problem in many centres,
especially if - for ethical reasons - only adults or adolescents are selected. Moreover, infants and
small children have a good prognosis for outgrowing their food allergy (10) early in their life,
which makes them less suited for participation in safety studies. Due to the paucity of DBPCFC+
patients and the individual responses which may be quite varying, it can be difficult to perform
a sufficient number of skin tests to ensure safety of the GMO.
Effector cells in vitro: Experimental systems for mast cell or basophil activation
As an alternative to the skin test the basophil granulocytes which are believed to be sensitized
analogously to skin mast cells have been used extensively for many immunological studies of the
allergic response (11,12). Being an in vitro method this technique has obvious advantages
compared to the skin tests, since less strict requirements are posed on the test substance regarding
non-toxicity and non-infectivity, albeit it should not be cytotoxic in the applied concentrations.
For studies of inhalation and food allergy histamine release tests are correlating well with other
measures of IgE sensitization, such as skin prick tests or determination of specific IgE in plasma
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(13-16), and based on these findings it has been suggested to use the technique for biological
standardization of allergen extracts including food allergens.
The direct histamine release method uses blood from a sensitized patient, and this limits the
practical possibilities for running the method to patient-near centres, since the whole blood must
be used within 24 h after drawing of the blood. This obstacle can be overcome by combining
basophils from a non-sensitized person with serum containing specific and relevant IgEantibodies. In its original form, basophils from adult donors were stripped of their original IgE
by a brief treatment with low pH, followed by a new incubation with the sensitizing serum (12;
17). More recently cord blood basophils have been used as recipient cells, which has the
advantage of eliminating the low pH IgE dissociation step, which may interfere with the
biological functions of the cells. It is conceivable that basophil cell lines, such as the KU812 (18)
or animal cell lines transfected with the the human FcεRI, i.e. the IgE high affinity receptor (19),
may also be used as recipient cells for this purpose.
Determination of potential allergens by biochemical methods
A number of systems for biochemical detection of allergens are listed in Table 2. A pure system
related to the allergic patient can be obtained by immunochemical assays detecting IgE-allergen
binding directly or indirectly by inhibition designs. More indirect methods involve the use of
animal antibodies for immunochemical detection, or molecular biology methods for detection via
the DNA or mRNA levels.
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Table 2. Hierarchy of biochemical test systems for testing of allergenic potency of pure
substances or mixtures.
Vivo/
vitro

Target

Species

Test system

Examples

In
vitro

IgE

Human

(Inhibition of) IgE-allergen
binding
in
immunochemical assays

RAST or
inhibition

IgG/IgE

Experimental animal including
monoclonal
antibodies,
chimeric antibodies etc.

Immunochemical assays

ELISAs,
etc.

Phage
display
antibodies

Measurement of protein content in allergenic sources

Immunochemical assays

ELISA-type assays

PCR

Direct measurement of DNA
coding for the gene in question

Polymerase chain reaction
(PCR)

PCR

RT-PCR

Direct measurement of mRNA
encoding the protein in
question

Reverse transcriptase-PCR

RT-PCR

In
vitro
(indir
ect)

RAST-

Dipsticks

Modified from In vivo and in vitro techniques to determine the biological activity of food allergens (Review);
Poulsen LK Submitted.

In vitro studies of IgE-allergen binding: RAST and RAST-inhibition
Since the binding between the allergen and the IgE is central in eliciting of the biological function
in the test systems described above, it is obvious to use a test system that measures this binding,
and the RadioAllergoSorbentTest and modifications of this play an important role in allergen
standardization. The initial design of the RAST was based on the use of dextran-derived materials
(20; 21) but later solid phases have comprised the widely used paper discs (22), aluminium
hydroxide gel (23), polystyrene tubes (24), cellulose polymers (25; 26), and magnetic
microparticles (27). Reviews of the available technologies and a discussion of method evaluation
have been given in (28; 29).
Other immunochemical assays
In the Table 2 is also mentioned the production of animal antibodies to individual allergens and
the use of such antibodies in ELISAs etc, forms the border between the biological assays and
molecular identification of individual allergens A large number of animal antibodies has been
raised against known or suspected food allergens, and may be used for testing. Several
commercial assays for well-known food allergens have been described (30-33) [More references
to be added, please give me all your inputs!] (summarized in Table 3) and more are to follow. A
word of caution should be issued: If gene products are only slightly modified, it is important to
carefully check how an antibody raised to the native protein (allergen) will react to the modified
protein. In some cases it may be necessary to raise new antibodies to the modified protein.
Molecular biology assays
The final line in the Table 2 mentions the possibility of using determination of mRNA or DNA
as a surrogate marker of the presence of allergens. Since the DNA may be transcribed with
7

varying efficiency in the plant and the correlates between mRNA levels and protein levels may
also vary, these measures may only be semi-qualitatively related to the potential allergen level.
On the other hand, the molecular biology are very sensitive and may be the only way to determine
extremely low levels of (genes coding for) allergens in GMO foods. Moreover, since the
sequence of the targetted genes is often known, these techniques may be able to differentiate
between native and genetically modified versions of the same gene products, since small
dissimilarities may evade detection by immunochemically based techniques.
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Chapter 8, Risk assessment
At the FAO/WHO Consultations on Genetically modified foods in Rome, 1996, the following
statements were launched (ref ini):
1
The transfer of genes from commonly allergenic foods should be discouraged unless it
can be documented that the gene transferred does not code for an allergen.
2
Foods found to contain an allergen transferred from the organism which provided the
DNA should not be considered for marketing approval unless such products can be clearly
identified in the marketplace and this identity will not be lost through distribution and processing.
Further, that labelling approaches may not be practical in these situations, and that particular
problems exist for consumers who cannot read, or who may not be provided with labels.
3
Involved organizations should consider the appropriateness of, and/or actions to take, in
respect to foods containing new protein(s) that are determined to have the characteristics of an
allergen.
4
The identification of food allergens and the characteristics of these allergens that define
their immunogenicity be encouraged.
The ILSI decision tree so far constitute the only guideline for assessment of potential change in
allergenicity of genetically modified organismsii. This decision tree divides GMO’s into foods
where the source of gene stems from a known allergenic source or a source not known to be
allergenic. Furthermore, the allergenic source is further subdivided into sources from the
commonly allergenic foods (the big eight) and less commonly allergenic foods, namely the
remaining foods, only accounting for approx. 10 per cent of the clinical reactions. This latter
statement is however, limited to the classical type I allergic reactions, elicited by e.g. peanut,
milk, egg, soy, fish, crustaceans but does not take into account the much more abundant reactions
to cross- or common reactivity between e.g. pollens and fruits/vegetables or latex and fruitsiii.
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(Not known to be allergenic)

Sequence similarity ?
Stability to digestion ?
Stability to processing ?

Market without labelling
Fig. 2

The “left side” of the decision tree dealing with known allergenic proteins contains the test
systems sufficient to rule out a potential risk to the allergic patient, provided the tests systems
(both in vitro and in vivo) are used with material from high quality patients, fulfilling the EAACI
guidelinesiv and using validated test proceduresv,vi. The subdivision into common and less
common foods is, however based on availability of test material rather than an actual risk
assessment and should thus be left out - there are no data in literature supporting an increased risk
for the actual patient to common food allergens than to less common food allergens.
The “right side” of the decision tree, fig 2, deals with inserted proteins, not known to be
allergenic:
This aproach is based on the following assumptions:
1
The optimal peptide length for binding appears to be between 8 and 12 amino acids for
T-cell epitopes and even longer for B-cell epitopesvii
2

All epitopes are sequential, and conformational epitopes are without significance

3

All relevant epitopes has already been sequenced.

4
The stability to digestion is a significant and valid parameter that distinguishes food
allergens from non-allergensviii.
None of these statements has been proven - there are examples of exceptions for all the above
statements. Furthermore, the test is also likely to identify conserved sequences that are unrelated
to the allergenic potential of the proteins. Furthermore, harmless proteins might also be excluded
form market based on these tests.
The EAACI risk evaluation procedure
It therefore suggested to add a screening procedure to be applied to gene modified foods, not
previously known to be allergenic (the right side), fig 2:
11

The various subsequent steps in the evaluation procedure is commented in the following (The
numbers refer to the flow chart).
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(allergenic)

Ø
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Ù
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Ú
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Fig.3
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Functional similarity
Screening insert protein
with allergic sera

Ü

yes
no
yes
yes

Stability
Immunogenetic
models
Sensitizing potential
Anticipated dose
T-cell screening?

RISK
Þ evaluation

Ý

The “left side” of the decision tree dealing with known allergenic proteins contains the test
systems sufficient to rule out a potential risk to the allergic patient, provided the tests systems
(both in vitro and in vivo) are used with material from high quality patients, fulfilling the EAACI
guidelines and using validated test procedures.
After a negative outcome of testing for sequence similarity to known allergens, the food is
subjected to solid phase immunoassays screening for allergenicity using sera from patients with
established allergy to major allergens, especially allergens, where cross-reactivity to foods are
abundant (pollen allergics).
It is suggested to use as a minimum 3 * 10 patients allergic to birch, grass, artemisia respectively
or to other relevant allergens. There are major regional differences between reaction severity and
plants in question within Europe. Allergens should therefore be included according to origin e.g.
ragweed, Parietaria or other types of food or inhalant allergens according to type of GM-food in
question.
Positive results in these tests transfer the evaluation of the food to the left side of the flow chart.
Serological cross-reactions should also be dealt with by transferral to the left side of the decision
tree (see 2-4).
This step constitute considerations on the more uncertain aspects of a novel food. In this phase
of evaluation, aspects like e.g. models for evaluation of a possible immunogenetic role as weel
as considerations on a possible sensitizing potential, possibl estimulation of TH-2 system or
creation of Neo-allergens. Also, the anticipated dose of intake and other aspects may be included.
Finally, the natural variability of allergens in wild type foods must be taken into account when
assessing quantitative aspects of measurement of allergens in GMO’s.
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At present, the methods for such evaluation procedures are not fully developed. The upcome of
animal models, which at present are not sufficiently developed for use may elucidate these
aspects in the future.
After evaluation of the above parameters, it will be possible for the authorities to perform a
proper risk assessment of the GMO in question.
The left side of the flow chart contains various levels of safety. A positive outcome in step 4
(DBPCFC) of course constitutes the highest possible risk, whereas previous experience with safe
ingestion diminishes the absolute risk.
The in vivo and in vitro investigations (2-5) thus results in data concerning the absolute risk of
introduction of the GMO in question to the market, whereas data from 6 enables a calculation on
the relative risk at a certain level (determined in 2-5).
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