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What is food allergy?

Adverse reaction to an otherwise harmless food or food component that

involves an abnormal response of the body’s immune system to specific

proteins in foods’’

(FAO and WHO, 2001)
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Why is important to study it?

High prevalence: point prevalence of self-reported FA in Europe is 13.1% 
(95% CI 11.3–14.8) Spolidoro et al., Allergy, 2022

Social and economical impact

Symptoms of an allergic reaction may involve the skin (rushes, hives, pale or 
blue coloring), the oral and gastrointestinal tract (swelling of the tongue, tight 
or hoarse throat, trouble swallowing, vomiting and/or stomach cramps, 
diarrhea), the respiratory tract (shortness of breath, wheezing, repetitive 
cough) and the cardiovascular system (weak pulse, dizziness or feeling faint, 
anaphylactic shock or circulatory collapse).

Causes unclear, no cure 
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What is the mechanism?

Satitsuksanoa et al., Sec. Immunological Tolerance and Regulation, 2018

Dijk et al., Compr. Rev. Food Sci. Food Saf., 2023
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Novel food allergens
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Primary sensitization vs cross-reactivity
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EFSA Guidance on applications for novel foods, 2021

The default assumption for novel foods containing proteins is that they have allergenic potential.

A comprehensive literature review is needed in order to retrieve available information on sensitization, case reports of 
allergic reactions, and/or allergenicity studies (in vitro, in animals, in humans) of the novel food and/or its source(s)

Appropriate methods to further investigate the potential allergenicity:

Protein analysis
• Protein content in the novel food
• Molecular weight of the potentially allergenic protein, 
heat stability, sensitivity to pH, digestibility by 
gastrointestinal proteases
• Degree of sequence homology with known allergens
• Immunological tests (e.g. western blotting)

Human testing
• Detection of specific IgE antibodies
• Skin prick testing
• Double-blind placebo-controlled food challenge studies.

EFSA NDA Panel, Scientific 
Opinion on the evaluation 
of allergenic foods and 
food ingredients for 
labelling purposes, 2014. 
Codex Alimentarius, 2003–
2009. Foods derived from 
modern biotechnology.
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www.cost.eu/actions/FA1402/
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Verhoeckx et al., Reg. 
Toxicol. Pharmacol. 2016
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WG1: 
physicochemical 

properties of 
proteins 

impacting 
allergenicity
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AOP of allergic sensitization

WG2
In vitro methods 

to predict 
sensitisation
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Dijk et al., Compr. Rev. 
Food Sci. Food Saf. 2023

AOP of allergic sensitization
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WG4: Risk assessment and dissemination
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Activity 2: defining the targets for ARA
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ImpARAS main conclusions and perspectives

1. A network of expertise covering core aspects of immunology, food allergy, protein chemistry, bioinformatics, proteomics and 
risk modelling is needed to enable and support integrated risk assessment models and strategies. 

2. A clear outline of preferred decision-making criteria is needed from the risk management sector to help researchers during 
method development and ensure the applicability of newly developed methods to the risk management questions at hand.

3. An agreement/consensus on a comprehensive, systematic testing and assessment strategy is needed to identify and 
characterise the risk of de novo sensitisation and allergic reactions to novel food proteins.

4. In vitro methods should focus on the different events of the AOP for food allergy sensitization.
5. In vitro and in vivo methods need to be harmonised and validated for instance in ring trials using specified reference 

proteins/extracts.
6. We should investigate responses to homologous series of proteins with different allergenicity, using as a starting point the 

ImpARAS work on protein pairs, in order to address the current lack of systematic data to rank existing, known allergenic 
proteins according to their allergenic potency.

7. Since no single distinct molecular parameter (or pattern) within one protein family seems to be exclusively responsible for 
the allergenic potential at the site of elicitation, a more detailed characterisation of allergens may further elucidate 
molecular pattern.

8. The knowledge on the impact of different food matrices and food processing on allergenicity of dietary proteins must be 
improved.
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Highlights from the Summary

it is unrealistic that a single test in the short/medium term will be predictive of the allergenic potential of a 

protein. Therefore, the ‘weight-of-evidence’ approach for allergenicity assessment remains valid.

A draft of a roadmap that (re)defines the allergenicity safety objectives and risk assessment needs will be 

needed to address the key questions for risk assessors and risk managers, such as:

1. what is the purpose of the allergenicity risk assessment?

2. what should be assessed in the allergenicity assessment?

3. what level of confidence is necessary for the predictions?

4. what is an unacceptable/acceptable risk in the allergenicity risk assessment?
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The characterisation of an allergen involves from the analysis of its IgE antibody binding 
capacity to the demonstration of clinical relevance. An allergen becomes clinically relevant 
when it causes symptoms and is corroborated by medical history and/or provocation testing 
(Worm et al., 2021). The clinical relevance of individual food allergens should be a key driver for 
developing new strategies and tools for allergenicity risk assessment (EFSA, 2021). To achieve 
this goal, it is necessary to rely on clinical data of good quality and to determine criteria for 
describing the allergenicity of single proteins.

Although sensitisation is a predisposing risk factor for IgE-mediated food allergy, neither a quantitative positive 
specific IgE test result nor a positive skin prick test can prove the clinical relevance of a food extract or purified 
molecule. The ultimate means of determining the clinical relevance of an allergen molecule would be to perform a 
provocation test with a purified allergen molecule.

The clinical relevance of allergens could include criteria such as (i) the severity (i.e. the proportion of severe 
objective allergic symptoms to the potential allergen); (ii) the potency (i.e. the amount of the potential allergen 
required to cause objective symptoms); (iii) the prevalence of immune-mediated hypersensitivity to the potential 
allergen source; and iv) the exposure route that the allergen presents to the immune system and the level of 
exposure.

The definition of a set of non/low-allergenic (control) proteins is needed.

Clinical relevance
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individuals is not fully understood.

Food and pollen allergens belong to a limited number of protein superfamilies […] there are no single
common structural causes, features or sequence motifs identified that contribute to their overall 
allergenicity.

Ligand-binding allergens expose the immune system to a variety of biologically active small molecules that 
could play important and still not well-understood roles in the sensitisation process in addition to the 
allergenic protein itself (Chruszcz et al., 2021).

Determinants of food protein allergenicity
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Risk assessment tools for allergenicity prediction: in silico tools

The in silico approaches are used as a first step in identifying relevant identity between a newly 
expressed protein and a known allergen before other confirmatory but more laborious testing are 
required, such as in vitro and/or in vivo studies. If relevant shared sequence identity is observed 
with a known allergen, subsequent serum IgE binding studies using sera from individuals with a 
specific, relevant type of allergy would likely follow. The absence of sequence homology indicates 
that a newly expressed protein is unlikely to be cross-reactive with IgE directed towards known 
allergens. However, current in silico tools used in the allergenicity assessment does not provide 
information on the capacity of proteins for de novo sensitisation.
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Risk assessment tools for allergenicity prediction: in vitro tools
Protein digestibility

The pepsin resistance test is still performed regularly, although several studies have demonstrated that there is a poor 
correlation between resistance to pepsin digestion and allergenicity! The evidence supporting the resistance to 
degradation by pepsin as a direct predictor of allergy is weak!

Factors such as food processing, digestion, and transport (including internal processing and 
presentation to the immune cells) should be ideally included in an allergenicity assessment 
assay; however, it is crucial to consider the feasibility and practicality of including these factors.

In vitro gastroduodenal digestion methods that use physiological conditions may reveal more information about 
protein presentation to the gastrointestinal epithelium in a physiologically relevant context.

Measurement of protein digestibility should not be 
regarded as a stand-alone endpoint for the safety 
assessment of novel proteins (Ladics, 2019).
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Risk assessment tools for allergenicity prediction: in vitro tools
IgE binding

To fulfil regulatory requirements, sera should be collected from very well-characterised allergic 
individuals with a convincing clinical history of allergy against a specific food and a cause-and-effect 
relationship between the consumption of the food, and the elicitation of allergic symptoms should be 
established by a DBPCFC. 
Sera from individuals with allergies to non-phylogenetically related organisms (negative controls) should 
be used to exclude non-specific IgE binding.

IgE binding assays, such as radio or enzyme allergosorbent assays (RAST or EAST), 
enzyme-linked immunosorbent assay (ELISA) or electrophoresis combined to 
immunoblotting with sIgE sera, are considered adequate. 

The collection of significant volumes of serum in allergic patients, notwithstanding ethical considerations, 
constitutes a major bottleneck, particularly for rare allergens. From a future perspective, these practical 
and methodological obstacles could be overcome by using human-derived monoclonal IgE antibodies. 
Ideally, the building up of a bank of monoclonal sIgE, which could be used to detect allergenic proteins, is 
possible.
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The simultaneous use of a better test for functional IgE binding is advisable. Activation of 
basophils can be detected through upregulation of selected surface proteins measured 
by flow cytometry. 

Risk assessment tools for allergenicity prediction: in vitro tools
Basophil activation test (BAT)

BAT was consistently proven to be highly specific and highly sensitive, particularly in food allergies. Thus, its 
use can dispense patients from a risky and stressful exposure to allergens during oral food challenges. Indeed, 
BAT can correctly predict the clinical outcome following exposure of allergic patients to specific allergens 
(elicitation).
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In vivo models to understand cellular and molecular mechanisms of 
sensitisation

To date, the immune responses in rodents are not predictive for allergenicity, 
adjuvanticity or for the ranking of the strength of allergenic responses against
proteins (Ladics et al., 2010).

Using in vivo models for GMOs and also for novel food allergenicity risk assessment is difficult due to many 
challenges. To date, the usefulness of in vivo models for predictive allergenicity risk assessment is uncertain
because of the current lack of validated, predictive models for allergenicity in humans.

In vivo models could potentially improve risk assessment and facilitate the introduction of innovative/novel 
protein sources with a low risk of allergic sensitisation. However, it is currently impossible to use them in 
the allergenicity risk assessment because there are no standardized predictive models. Additionally, it 
would be ideal to avoid animals for the allergenicity risk assessment.
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Insects as novel food allergens

Yellow mealworm 
Tenebrio molitor

Migratory locust

Locusta migratoria

House cricket 

Acheta domesticus

Lesser mealworm

Alphitobius diaperinus
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The risk of allergies to insects in the case of insects as a source of food or feed proteins is
plausible, and may be based on the existence of common allergens (pan-allergens) of arthropods
such as arachnids, crustaceans (lobster, shrimp, crab), myriapods and insects. Similarly, allergens
of molluscs and helminths are often very similar to those of insects and may lead to cross-
allergies. The more or less close phylogenetic relationships between the different classes of
arthropods may explain sequence homologies and similarities in structure constituting B cell
epitopes in common allergens (pan-allergen), responsible for possible cross allergy between
edible insects and other arthropods, mites (arachnids), crustaceans and non-edible insects
(cockroaches). Insect consumption by individuals allergic to e.g. dust mites or shrimp could
therefore well trigger allergic reactions associated with this cross-reactivity.

Cristiano Garino, 13.8.2019, Abteilung 5 Seminar
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Primary sensitization vs cross-reactivity

?
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(SPT), immunoblot and basophil activation test (BAT). Only one patient had an allergy to 
house dust mites (HDM). They underwent a double blind placebo controlled food challenge 
(DBPCFC) with mealworm snacks and shrimps. 2/4 subjects (50%) reported a history of food 
allergic symptoms to mealworm, which was confirmed in the DBPCFC, starting at a dose of 
0.1 g of mealworm. None of the subjects reacted to shrimp. Mealworm exposure is a risk for 
developing food allergy to mealworm (Broekman et al., J. Allergy Clin. Immunol. 2017, 
S0091–6749,  30340–30348).

Exposure to larvae of Tenebrio 
molitor can lead to sensitization and 
subsequent development of allergic 
symptoms after ingestion of 
mealworms

Insect primary sensitization
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Thank you for your attention!
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How to diagnose a food allergy?

IgEs in the blood are not fully predictive 
of clinical symptoms, just of sensitization

In vivo Skin Prick Test (SPT) is considered a 
reliable screening method to diagnose 
IgE-mediated allergic disease in patients 
with rhinoconjunctivitis, asthma, urticaria, 
anapylaxis, atopic eczema and suspected 
food and drug allergy (Heinzerling et al., 
Clin Transl Allergy 2013; 3: 3)

Oral food challenge is the only reliable tool to 
diagnose a food allergy. In Double Blind 
Placebo Controlled Food Challenges (DBPCFC) 
a selected group of clinically characterized 
allergic individuals is challenged with defined 
increasing doses of the allergenic substance 
disperse in a food and with placebo controls 
(same food without the allergenic substance). 
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Pooled estimates
for self-reported

physician-
diagnosed

food allergy to the 
eight common 

foods in Europe for 
lifetime prevalence 
between 2012 and
2021 (Spolidoro et 
al., Allergy, 2023).
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Determinants of food protein allergenicity

Environmental factors, like routes of exposure, timing of exposure, microbial 
exposure, oral and gut microbiota composition in case of oral exposure, epithelial 
barrier integrity and/or non-allergenic components of the food matrix such as 
immune-modulating components (adjuvants) of allergenic sources may facilitate T 
helper 2 (Th2) immune responses.

Possible links between the proteins’ biological function/activity and their allergenicity are emerging 
(Ozias-Akins & Breiteneder, 2019; Foo and Mueller, 2021). 

Other routes of exposure besides the oral one may also be relevant for sensitisation (Wavrin et al. 2015; du 
Toit et al., 2016; van Bilsen et al., 2017). 

Heat treatments induce chemical/physical modifications, which may affect the stability of enzymatic 
digestion and, consequently, the allergenicity of food proteins to a varying extent, depending on the time 
and temperature (Di Stasio et al., 2020).
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In vitro tools to understand cellular and molecular mechanisms of 
sensitisation

Dijk et al., Compr. Rev. 
Food Sci. Food Saf. 2023
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Acceptable levels and threshold values of food allergens

Thresholds are a characteristic of the hazard that allergenic foods present to the food-
allergic population. Their establishment is essential to the evidence-based application 
of risk management and mitigation strategies, such as Precautionary Allergen Labelling
(PAL) (FAO and WHO, Codex Alimentarius Commission, 2021. Summary report of the Ad hoc Joint FAO/WHO 
Expert Consultation on Risk Assessment of Food Allergens. Part 2: Review and establish threshold levels in 
foods of the priority allergens. FAO, Rome).

The FAO/WHO Expert Committee on risk assessment of food allergens has agreed that, for a series of priority 
allergenic food sources, the objective of minimising ‘to a point where further refinement does not 
meaningfully reduce health impact, the probability of any clinically relevant objective allergic response’ could 
be met by defining reference doses (RfDs) based on dose distribution modelling of minimum eliciting doses 
(MEDs) and supported by data on the severity of symptoms. The Committee agreed the safety objective 
could be met for RfD’s corresponding to eliciting doses predicted to result in objective reactions in no more 
than 5% (ED05) of the allergic population.
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ARTHROPODA

Pancrustacea

CHELICERATA

CRUSTACEA

HEXAPODA

ARACHNIDA

INSECTA

Acari
(mites & ticks)

ARANEAE 
(spiders)

SCORPIONES 

METAZOA
MOLLUSCALophotrochzoa

Ecdysozoa

NEMATODA 
(worms)Protostomia

Deuterostomia

ECHINODERMATA 
(urchins)

CHORDATA
Amniota

Amphibia

MAMMALIA

Sauropsida
(reptiles & birds)

CRANIATA

ACTINOPTERYGII
(fishes)

SARCOPTERYGII

KINGDOM PHYLUM SUBPHYLUM SUPERCLASS CLASS ORDER

Mandibulata

Miriapoda

A taxonomic view
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WG3: In vivo methods to predict sensitisation
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Conclusions and Recommendations

It is unrealistic that a single test will, in short/medium term, be predictive of allergenicity. 
Therefore, the ‘weight-of-evidence’ approach for allergenicity assessment is still valid, although 
the evidence needed might differ depending on whether a conventional GMO or another type 
of new biotech food is being assessed.

Current guidelines in the Codex Alimentarius, initially published in 2003, focused on food derived from existing ‘modern’ 
biotechnology available at the time and requires updating.

The draft of a roadmap to (re)define the allergenicity safety 
objectives and risk assessment will be needed to address the 
key questions for risk assessors and risk managers: 
(1) what is the purpose of the allergenicity risk assessment? 
(2) what is to be assessed in the allergenicity assessment?  
(3) what level of confidence do we need for the predictions? 
(4) what is considered an unacceptable/acceptable risk in the 
allergenicity risk assessment?
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