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EXECUTIVE SUMMARY

The first in a series of three meetings of an ad hoc Joint FAO/WHO Expert 
Consultation on Risk Assessment of Food Allergens was held from 30 November 
to 11 December 2020, with an additional two days, 29 January and 8 February 2021, 
for the report �nalization and adoption of the conclusions and recommendations.  
The main purpose of this �rst meeting was to validate and, if necessary, update 
the list of foods and ingredients listed in section 4.2.1.4 of the General Standard 
for the Labelling of Packaged Foods (GSLPF) based on risk assessment.  
An Expert Committee, comprised of scientists, regulators, physicians, clinicians 
and risk assessors from academia, government and the food industry were selected 
to participate in the �rst meeting of the FAO/WHO Expert Consultation on Risk 
Assessment of Food Allergens. To achieve the validation of the allergen list, the 
Committee first identified and agreed upon the criteria for assessing additions 
and exclusions to the foods and ingredients listed in section 4.2.1.4 of the GSLPF. 
Subsequently, the Committee clari�ed the groupings of foods and ingredients on 
the list and determined whether certain foods and ingredients that are derived from 
the list of foods known to cause immune hypersensitivity can be exempted from 
mandatory declaration.

The Expert Committee determined that only foods or ingredients that cause 
immune-mediated hypersensitivities such as IgE-mediated food allergies and 
coeliac disease should be included on the list of foods and ingredients included in 
section 4.2.1.4 of the GSLPF. Thus, it was recommended that foods or ingredients 
such as lactose, sulphite, and food additives, which do not cause immune-mediated 
adverse reactions, will not be included in the deliberations of the committee.  
The Committee identi�ed prevalence of an immune-mediated hypersensitivity to 
a speci�c food, severity (e.g. frequency or proportion of severe objective reactions 
to a food/ingredient such as anaphylaxis), and the potency of the food/ingredient 
(e.g. the amount of the total protein from the food/ingredient required to cause 
objective symptoms in a speci�ed proportion) as the key criteria that should be 
used to establish the priority allergen list. Subgroups of the Expert Committee 
were established to review the literature on the prevalence, severity and potency 
of immune-mediated hypersensitivity to each food currently on the GSLPF list 
(cereals containing gluten and products of these; crustacea and products of these; 
eggs and egg products; �sh and �sh products; peanuts, soybeans and products of 
these; milk and milk products; and tree nuts and tree nut products), as well as other 
foods found on priority allergen lists established in individual countries or regions 
(e.g. molluscs, mustard, celery, sesame, buckwheat, lupin and others).

Based on systematic and thorough assessments which used all three criteria 
(prevalence, severity and potency), the Expert Committee recommended that 
the following should be listed as priority allergens: cereals containing gluten  
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(e.g. wheat and other Triticum species, rye and other Secale species, barley and 
other Hordeum species and their hybridized strains), crustacea, eggs, �sh, milk, 
peanuts, sesame, and speci�c tree nuts (almond, cashew, hazelnut, pecan, pistachio 
and walnut). Of the cereals containing gluten, barley and rye (and cross-breeds 
of these cereal grains) were included on this list because they are foods that cause 
coeliac disease. In addition to causing coeliac disease, wheat is also responsible for 
food allergies. 

Due to the lack of data on prevalence, severity and/or potency, or due to regional 
consumption of some foods, the Committee recommended that some of the 
allergens, such as buckwheat, celery, lupin, mustard and some tree nuts (Brazil nut, 
macadamia and pine nuts) should not be listed as global priority allergens but may 
be considered for inclusion on priority allergen lists in individual countries. 

Due to a combination of low global prevalence, low allergenic potency and generally 
low severity of soybean allergies, soybean was not included in the list of global 
priority allergens. However, it may still be considered for inclusion on priority 
allergen lists in individual countries. 

Since current dietary trends include  increased consumption of plant-based 
foods and diets consisting of alternative protein sources, it was recommended 
that pulses, insects and other foods such as kiwi fruit be included in a �watch 
list� and evaluated for the priority allergen list when data on prevalence, 
severity and potency become available. Finally, the Expert Committee 
recommended that foods and ingredients derived from the list of foods 
known to cause immune-mediated hypersensitivities should be evaluated on 
a case-by-case basis for exemption from declaration on ingredient lists and/or  
on food packaging. 
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CHAPTER 1
INTRODUCTION

1.1.  BACKGROUND

The labelling of food allergens in pre-packaged foods plays a key role in protecting 
food allergic individuals as no preventative clinical treatment is currently available. 
Although the latest developments in immunotherapy with food allergens have 
shown promising results, avoidance of the offending food remains the only option 
to prevent allergic reactions. 

Allergens in food have been considered by the Codex Alimentarius Commission 
(CAC) on a number of occasions since 1993. In 1995, the Food and Agriculture 
Organization of the United Nations (FAO) organized a Technical Consultation 
(FAO, 1995) that resulted in the identi�cation of eight foods or food groups causing  
food allergy. They were incorporated in the General Standard for the Labelling of 
Packaged Foods (GSLPF) in 1999 (section 4.2.1.4) (FAO and WHO, 2018a):

	> cereals containing gluten, i.e. wheat, rye, barley, oats, spelt or their hybridized 
strains and products of these; 

	> crustacea and products of these; 

	> eggs and egg products; 

	> �sh and �sh products; 

	> peanuts, soybeans and products of these; 

	> milk and milk products (lactose included); 

	> tree nuts and nut products; and 

	> sulphite in concentrations of 10 mg/kg or more. 

This list has been known informally as the �Big 8� food allergens as they are the 
most common and are responsible for most allergic reactions, although about 170 
foods have been reportedly implicated in allergic reactions (Boyce et al., 2011; He�e, 
Nordlee and Taylor, 1996).

In 1999, following the FAO technical consultation, WHO convened an ad hoc Panel 
on Food Allergens. The Panel recommended the following criteria for the addition 
of foodstuffs/products to the list of the CCFL (FAO and WHO, 2000):
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Criteria for inclusion of a foodstuff:

(i)	 the existence of a credible cause-and-effect relationship, based on a positive 
reaction to a double-blind placebo-controlled food challenge (DBPCFC) or 
unequivocal reports of a reaction with the typical features of a severe allergic 
or intolerance reaction;

(ii)	 the existence of reports of systemic reactions after exposure to the foodstuff, 
the reactions including atopic dermatitis, urticaria, angio-oedema, laryngeal 
oedema, asthma, rhinitis, abdominal pain, diarrhea, vomiting, anaphylactic 
shock and chronic severe malabsorption syndrome;

(iii)	the existence of data on the prevalence of food allergies in children and 
adults, supported by appropriate clinical studies (i.e. DBPCFC) in the general 
population of several countries. However, the Panel noted that such information 
is available only for infants, from certain countries and for certain foodstuffs.  
The panel therefore agreed that any available data, such as the comparative 
prevalence of a speci�c food allergy in groups of patients in several countries, 
could be used as an alternative, preferably backed up by the results of a 
DBPCFC.

The list adopted by the Codex Committee on Food Labelling (CCFL) includes not 
only allergenic foods but also products of such foods. Because allergens are naturally 
occurring proteins, the Panel considered whether the de�nition is too broad in that 
it may include products that are not allergenic because they do not contain suf�cient 
protein to elicit an allergic reaction. The available data do not, however, permit 
de�nition of the amount of allergenic protein necessary to elicit an allergic reaction.

The Panel therefore recommended that products of the allergenic foods on the list of 
the CCFL should always be labeled as such, unless they are on the list of products 
that are excluded from the requirement for labelling of the food source.

Criteria for inclusion of a product:

(i)	 evidence that a clinical study with a DBPCFC has con�rmed that the speci�c 
product does not elicit allergic reactions in a group of patients with clinical 
allergy to the parent foodstuff;

(ii)	 submission of speci�cations for the product and its manufacturing process 
which demonstrate that the process yields a consistently safe product; and

(iii)	for products implicated in coeliac disease:

	» Products of rye, barley and oats would not be required to meet the criteria 
set out in (i) and (ii) above because IgE-mediated allergic reactions to these 
cereal grains are uncommon.

	» Products of wheat, spelt and their hybridized strains would be required to 
meet the criteria set out in (i) and (ii) above. 

	» Products of wheat, rye, barley, oats and spelt and their hybridized strains 
would be required to adhere to existing speci�cations for gluten-free products.
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The CCFL is currently reviewing provisions relevant to allergen labelling in the 
GSLPF as well as developing guidance on the use of precautionary allergen or 
advisory labelling (PAL) (FAO and WHO, 2019). The Codex Committee on 
Food Hygiene (CCFH) has developed a Code of Practice (CoP) on Food Allergen 
Management for Food Business Operators, which was adopted in 2020. This CoP 
provides guidance on allergen management in food production, including controls 
to prevent cross-contact where an allergen is inadvertently transferred from a food 
containing an allergen to a food that does not contain the allergen (FAO and WHO, 
2020a). The General Principles of Food Hygiene (GPFH) was also updated in 2020 
and includes information on the control of allergens (FAO and WHO, 2020b).  
The CoP is intended to complement the GPFH and the GSLPF and support 
industry compliance. 

There have been many scienti�c developments in the understanding of food allergens 
and their management since the original drafting of the GSLPF. Thus, in response 
to the request from the CCFL and CCFH for scienti�c advice, including current 
evidence of consumer understanding of allergens, FAO and WHO are convening a 
series of expert meetings to provide scienti�c advice on this subject.

1.2.  APPROACH

Building on the work initiated in 2020, the the request for scienti�c advice was 
divided into three main areas.

TASK 1	REVIEW AND VALIDATION OF CODEX ALIMENTARIUS PRIORITY ALLERGEN 
LIST THROUGH RISK ASSESSMENT 

At its 45th session in May 2019, the CCFL asked FAO and WHO to provide 
scienti�c advice relating to the list of foods and ingredients in section 4.2.1.4 of 
GSLPF on (FAO and WHO, 2019):

	> Whether the published criteria (FAO and WHO, 2000) for assessing additions 
and exclusions to the list are still current and appropriate

	> Subject to the advice on the criteria above:

	» whether there are foods and ingredients that should be added to or deleted 
from the list;

	» clari�cation of the groupings of foods and ingredients in the list; and

	» whether certain foods and ingredients, such as highly refined foods 
and ingredients, that are derived from the list of foods known to cause 
hypersensitivity, can be exempted from mandatory declaration.

Food ingredients to be considered for addition include those identified by the 
electronic working group which prepared the Code of Practice on Food Allergen 
Management for Food Business Operators (FAO and WHO, 2018b), (i.e. sesame 
seeds, buckwheat, celery, mustard, molluscs and lupin).
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TASK 2	REVIEW AND ESTABLISH THRESHOLD LEVELS IN FOODS OF THE 
PRIORITY ALLERGENS

At its 50th session in November 2018, the CCFH asked FAO and WHO to provide 
scienti�c advice relating to threshold levels in foods of the priority allergens as below 
(FAO and WHO, 2018b): 

	> What are the threshold levels for the priority allergens below which most allergic 
consumers would not suffer an adverse reaction? 

	> How can thresholds be used by food business operators (FBOs) to determine: 

	» the extent to which a cleaning procedure removes an allergen to a level that 
prevents or minimizes the risk to most allergic consumers from allergen 
cross-contact; and

	» whether an ingredient that contains a low level of an allergen warrants 
control of its use to prevent or minimize allergen cross-contact?

	> What are appropriate analytical methods for testing food and surfaces?

TASK 3	REVIEW AND EVALUATE THE EVIDENCE IN SUPPORT OF PRECAUTIONARY 
LABELLING

The 50th session of CCFH also asked for scienti�c advice on: 

	> What methods/tools are available for FBOs to determine: 

	» whether allergen cross-contact is reasonably likely to occur in a food after 
a cleaning procedure; 

	» whether allergen cross-contact is reasonably likely to occur from equipment 
used for foods with different allergen pro�les; and 

	» the level of allergen in a food resulting from cross-contact.

In relation to the ongoing work of CCFL, the task will also include:

	> Guidance on precautionary labelling:

	» Use scienti�cally based threshold levels to evaluate risk for consumers with 
food allergies.

	» Determine the conditions for using precautionary allergen labelling.

1.3.  EXPERT CONSULTATION 

This report focuses on deliberations and conclusions of an ad hoc Joint FAO/WHO 
Expert Consultation on Risk Assessment of Food Allergens, held virtually from  
30 November to 11 December 2020, 28 January and 8 February 2021. The objective 
of this �rst meeting was to validate and update the list of foods and ingredients in 
section 4.2.1.4 of the GSLPF based on risk assessment (Task 1). 
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CHAPTER 2
CRITERIA FOR SELECTING 
PRIORITY ALLERGENS

The Expert Committee extensively discussed the criteria that should be taken into 
consideration for the selection of priority allergens. As a �rst step, the Committee  
discussed the different types of diseases related to food and gluten. 

2.1.  DISEASES TO BE CONSIDERED BY THIS AD HOC WG

The Expert Committee identi�ed that food hypersensitivity disease consideration for 
the established criteria would primarily be given to IgE-mediated food allergies and 
coeliac disease since these diseases are well documented to cause serious adverse public 
health outcomes. While food allergen data in relation to other immune-mediated  
responses to food (e.g. eosinophilic gastroenteropathies, food protein-induced 
enterocolitis syndrome) exist and were also considered in the criteria assessment 
for prevalence (and severity), these data were not found to be suf�ciently robust 
with regards to prevalence, potency or severity and thus were only secondary 
considerations. Non-immune-mediated diseases like lactose intolerance and fructose 
malabsorption were not considered by the Committee owing to lack of suf�cient 
comparative food allergen data and lack of documented evidence that these diseases 
cause serious adverse public health outcomes (Figure 1). 

2.2  EXTENDED DEFINITION DISEASES

For this report, food allergy, coeliac disease and food intolerances are de�ned as 
follows, and Annex 1 provides more details and other de�nitions:

2.2.1  FOOD ALLERGY

	> Food allergy is defined as an adverse health effect arising from a specific  
immune-mediated response that occurs reproducibly on oral exposure to a given 
food, which may or may not be mediated by food-speci�c immunoglobulin class  
E (IgE) antibodies.
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Enzymatic, e.g.:
� Lactose intolerance

� Fructose malabsoption

Pharmacological, e.g.:
� Reactions to food additives

(sulphites)
� Biogenic amines: histamine

(scombroid poisoning), tyramine

Unde�ned, e.g.:
� Irritable bowel syndrome 
and other gastrointestinal 

functional disorders

Coeliac disease

Non-Ige-mediated
food allergy, e.g.:

� Food protein-induced
enterocolitis syndrome,

enteropathy, proctocolitis
and infantile colic

� Eosinophilic
gastroenteropathies

IgE-mediated food allergy

Non-immune mediated
(food intolerances)Immune mediated

Non toxic

Adverse reactions to food

Toxic, e.g.:
� Bacterial toxins

Others

Source: Authors� own elaboration.

FIGURE 1.	 DIFFERENT TYPES OF DISEASES RELATED TO FOOD ALLERGENS AND GLUTEN

	> IgE-mediated food allergic reactions usually occur < 2 hours after ingestion of a 
food and may manifest with a variety of signs and symptoms that can involve the 
digestive, respiratory, cardiovascular or cutaneous organ systems. The severity of 
reactions varies from mild (e.g. hives) to severe (e.g. life-threatening anaphylaxis). 
If not promptly treated, anaphylactic reactions can be fatal. 

	> Immune, non-IgE-mediated food allergies (such as cell-mediated immune 
responses to food allergens) more commonly affect only the gastrointestinal 
tract in a subacute or chronic way and are typically delayed in onset (> 2 hours).  
The primary disorders in this category include food protein-induced enterocolitis, 
food protein-induced proctitis/proctocolitis and eosinophilic enteropathies.
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The mainstay of treatment is allergen avoidance together with rescue medication for 
those at risk of severe reactions. Although immunotherapies are becoming available, 
they are not curative and still require individuals to avoid consuming problem foods. 

2.2.2  COELIAC DISEASE

	> Coeliac disease is a chronic immune-mediated intestinal disease in genetically 
predisposed individuals induced by exposure to dietary gluten proteins that 
come from wheat, rye, barley and triticale (a cross between wheat and rye).

	> For people with coeliac disease, consuming gluten causes in�ammation and 
damage to the lining of the small intestine which may directly lead to diarrhea 
or constipation and other signi�cant gastrointestinal symptoms but may also 
prevent absorption of key nutrients leading to severe anemia, osteoporosis or 
developmental delays in children. As the disease progresses with continuing 
exposure to gluten, long-term complications can occur. Many organ systems 
can be involved, including the gastrointestinal, skeletal, reproductive (infertility) 
and nervous systems (ataxia and neuropathy). Individuals with untreated coeliac 
disease also have an increased risk of certain cancers. 

	> For people with coeliac disease, the prolamins found in wheat (gliadins and 
glutenins), rye (secalins) and barley (hordeins) are of most concern. In other 
groups of individuals, gluten (gliadins and glutenins) and some other proteins 
(albumins and globulins) from wheat can also trigger serious IgE-mediated 
allergic reactions. However, data are often lacking as to whether homologous 
protein types from rye and barley also cause IgE-mediated reactions. 

	> The only current treatment for coeliac disease is maintaining a lifelong strict 
gluten-free diet. However, IgE-mediated allergy is distinctly different from 
coeliac disease.

2.2.3  FOOD INTOLERANCES

	> Food intolerances are non-immune-mediated adverse reactions. They can be 
categorized into three types: enzymatic, pharmacological and unde�ned or 
idiopathic food intolerances. The most common foods implicated in intolerances 
include dairy products, products containing sulphite, salicylates, FODMAPs 
(fermentable oligosaccharides, disaccharides, monosaccharides, and polyols), 
biogenic amines, lactose, and food additives.

2.3  CRITERIA FOR SELECTING PRIORITY ALLERGENS

The Expert Committee deliberated which criteria should be considered when 
selecting priority allergens. While potentially many aspects can be taken into 
account, the Committee agreed to consider the aspects summarized in Table 1. 
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TABLE�1	 THE SELECTED CRITERIA

CRITERION REASONING

Evidence that a food can cause an immune-mediated 
adverse reaction to food

If answer is no, �N�, it�s outside the scope. Suggested 
grading of evidence and coding of foods is shown below 
and only include foods which have evidence that meets 
grades 1�3.  

Prevalence Evidence should be graded according to quality and in 
particular, the nature and quality of the diagnosis used 
to de�ne whether individuals have an immune-mediated 
adverse reaction to food. Geographic variations are wide 
as is the impact of age on prevalence to speci�c foods.

Potency There is now good to very good evidence that the 
proportion of individuals allergic to a food who react on 
challenge is a function of the amount or dose of allergenic 
protein ingested.

Severity vs potential (long term) health impact Severity is a complex and multidimensional construct 
and subject to signi�cant variation in perception of 
severity, both by different stakeholders and even among 
different members of the same stakeholder group. 
Most constructs support that severity of food allergy is 
exempli�ed by the type and frequency of objective allergic 
reactions or other serious adverse health outcomes 
experienced by individuals allergic to a particular food 
and that anaphylaxis is a severe allergic reaction. 
However, biomarkers of allergic reaction severity and the 
relationship between allergen dose or potency and severity 
of reaction or anaphylaxis, at least for an IgE-mediated 
food allergy, remain poorly de�ned. 
The proposal is to use real-world data on frequency of 
anaphylaxis to allergens (reported reactions to registries, 
presentations to a healthcare facility and admissions 
to intensive care and/or fatal outcomes). Use of this 
outcome also facilitates an assessment of how these 
allergens may vary in different geographical regions.  

The Expert Committee discussed the inclusion of several additional factors such 
as regional prevalence and potential exposure to and/or potential for hidden or 
undeclared allergens (e.g. the likelihood that an allergen can be present in food 
products as an ingredient or other quantity, and the allergen source is not labelled 
or easily identi�ed by allergic individuals). Hidden allergens may occur because of 
certain loopholes in labelling regulations. However, the aforementioned reasons 
were not considered for the selection of priority allergens of global relevance. 

2.3.1	 EXTENDED REASONING FOR INCLUSION/EXCLUSION

The grading of evidence that a food can trigger an immune-mediated adverse reaction 
to food, adapted from Mills et al. (2013), are as follows:

	> Grade 1: The food is well-characterized, and food fractions and food  
protein-derived toxic motifs inducing a clearly de�ned adverse reaction acting 
through a de�ned immunological mechanism are present.
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	> Grade 2: There is a clear, food-induced reaction, but food fractions or motifs 
evidenced by oral challenges are missing. The disease is less well described 
mechanistically, although it is evident that it has an immune mechanism.

	> Grade 3: There is a clear, food-induced reaction, but implicated foods may not 
be so well described, and whilst the immune system is implicated, a clear causal 
biological mechanism causing the adverse reaction is lacking. Food is implicated 
through application of elimination diets.

	> Grade 4: The food is implicated as a causative agent but is not well de�ned and 
may not be the sole cause of adverse reactions involving the immune system.

	> Grade 5: There is poor evidence that the food acts as a speci�c trigger of an 
immune-mediated adverse reaction although diet has been implicated as a factor. 

2.3.2	 PREVALENCE

De�nition: the proportion of a de�ned population known to have experienced an 
immune-mediated adverse reaction to food. It can be expressed as:

	> Point prevalence: the proportion of the population expressing a reaction at a 
given point in time

	> Period prevalence: the proportion of the population expressing a reaction during 
a given period

	> Lifetime prevalence: the proportion of the population that will experience an 
immune-mediated adverse reaction to food at some point during their lifetime

The prevalence can vary by population group, age, place and time, and study 
designs need to take account of this to determine prevalence in an unselected study 
population, representative of the population under study with regards to gender, 
age and ethnicity, and so on. Consideration needs to be paid to the diagnostic 
method used and whether it is appropriate for determining the prevalence of a 
given immune-mediated adverse reaction to food. 

To date, studies conducted to estimate prevalence of IgE-mediated food allergies in 
various global populations have  relied on a variety of different diagnostic methods 
or assessment factors. These may include studies which recruit subjects with food 
allergies veri�ed by food challenges or whose adverse food reaction history is veri�ed 
by sensitization to IgE antibodies or positive skin prick testing (SPT). Other studies 
may determine food allergy only by self-reported data, evidence of sensitization 
to the food alone, or by retrospective review of medical records in individuals 
with an International Classi�cation of Disease (ICD) diagnosis of a possible food 
allergy. Depending on which methods or factors are used, the estimated population 
prevalence for individual food allergens can vary greatly between studies (Boyce et al., 
2011; Muraro et al., 2018) and makes determining or comparing true prevalence for 
each food dif�cult. Because of these differences, the quality of individual prevalence 
studies has been reviewed and graded against the accuracy of an IgE-mediated food 
allergy diagnosis and prevalence estimation (Björkstén et al., 2008). 
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The Expert Committee reviewed these grading approaches and agreed on the 
following approach (Figure 2) to grading the quality of prevalence data for this 
global prevalence assessment:

	> Grade 1: There is a prevalence of con�rmed adverse reaction to foods using 
appropriate �gold standard tools� such as a combination of clinical history, 
sensitization to food (determined by skin prick test > 3�mm wheal diameter and/
or food allergen speci�c IgE > 0.35�kU/L) and oral food challenge, or anti-tissue 
transglutaminase 2 (TG2) IgA, with anti-endomysial IgA being employed as a 
con�rmatory test and intestinal biopsy as a con�rmation in equivocal cases to 
de�ne coeliac disease.

	> Grade 2: There is a probable adverse reaction to foods with symptoms consistent 
with a particular immune-mediated adverse reaction to food and evidence of 
a disease biomarker, e.g. sensitization to a relevant food determined by SPT  
(> 3mm wheal diameter) or food allergen speci�c IgE (> 0.35�kU/L) for an  
IgE-mediated food allergy.

	> Grade 3: There is a possible adverse reaction to food based on self-report data 
alone with or without evidence of symptoms consistent with IgE-mediated 
reaction, and there is a reported doctor diagnosis of food allergy, etc., or the 
food allergy is based solely on evidence of IgE sensitization to the food alone. 
Food allergic individuals are identi�ed by registries or retrospective review of 
medical records with or without ICD diagnosis of possible food allergy.

Selected populations
only when unselected
population studies 

do not exist

Prevalence estimates
for unselected
populations

Prevalence 
assessment

for Big 8

Determine breakout
groups for prevalence

assessment

Conduct assessments
per group

Who goes 
in which group

Which foods 
per group

Duplicate foods 
across groups

       Source: Authors� own elaboration.

FIGURE 2.	 ASSESSMENT PLAN FOR DETERMINING PREVALENCE
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In general, evidence of grade 1 or grade 2 is considered to provide the most robust 
and reliable prevalence estimations for IgE-mediated food allergy diagnosis in the 
population. Evidence of grade 3 is considered to overestimate true IgE-mediated 
food allergy prevalence estimates as data from these studies may not re�ect true 
diagnosis and thus include data from individuals with other food hypersensitivities 
or symptoms mistaken for IgE‑mediated allergies. 

2.3.3	 POTENCY

Allergenic potency: evidence of a credible cause-effect relationship establishing 
that the food causes food allergies and supported by DBPCFC studies designed to 
assess the elicitation potency of an ingredient (whatever the severity of the objective 
symptoms reported). The (lowest) amount of total protein from the allergenic food 
triggering objective symptoms should be documented.

�Potency can be described either as the �frequency dose-response� de�ned as the 
population distribution of doses eliciting or provoking a reaction, or as the �severity 
dose-response� denoting the gradient of severity of reactions caused by the food.� 
(Operational de�nition used in Björkstén et al., 2008 � currently only the �rst part 
[frequency-dose response] is used in practice, and severity is dealt with separately). 
The critical attribute is variation of frequency of response with amount/dose of total 
food protein from the allergenic source.

Grading of quality of evidence for potency was proposed in Björkstén et al., 2008 
and re�ned in van Bilsen et al., 2011.

ED50 (median population MED) was proposed as the quantitative attribute for 
comparing potency as an indicator of the public health importance of an allergenic 
food in Houben et al. 2016, the other attribute being prevalence.

2.3.4	 SEVERITY 

The management of patients at risk of food-induced allergic reactions involves 
multiple individuals and organizations: patients and their caregivers, healthcare 
professionals, researchers, regulatory authorities and food businesses. The accurate 
assessment and communication of reaction severity between these different 
stakeholders is key to management. However, severity can mean different things 
to different stakeholders (Turner et al., 2016). Numerous severity grading systems 
for allergic reactions have been developed to help address some of these issues; 
however, there is a lack of consensus on how to de�ne severity, particularly with 
respect to food allergy (Turner et al., 2016; Muraro et al., 2018; Arasi et al., 2020). 
Importantly, while anaphylaxis is recognized to be a severe manifestation of an 
IgE-mediated food allergy, this condition can have various clinical presentations 
and health outcomes � many of which may not necessarily be linked to a severe or 
serious impact to the overall health of individuals.
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Importantly, there are different severity considerations for IgE-mediated vs  
non-IgE-mediated food allergies. With respect to the former, the spectrum of 
severity is better de�ned, ranging from mild subjective allergic symptoms to fatal 
anaphylaxis (Figure 3). However, symptoms of non-IgE-mediated allergies are  
(with a few notable exceptions) non-acute and rarely life‑threatening. Non-IgE-mediated  
food syndromes include food protein-induced allergic proctocolitis, food  
protein-induced enterocolitis (FPIES) and food protein-induced enteropathy 
syndrome as well as eosinophilic gastrointestinal disorders such as eosinophilic 
esophagitis (EoE), allergic eosinophilic gastroenteritis and eosinophilic colitis 
(Calvani et al., 2021). Most are associated with abdominal and/or dermatological 
manifestations, and in chronic severe cases result in growth failure. However, except 
for severe EoE causing oesophageal strictures and severe FPIES, these syndromes 
are not in themselves life threatening. Coeliac disease is an immune-mediated 
food hypersensitivity in which gluten exposure in affected individuals causes 
immune-mediated gastrointestinal in�ammation and associated symptoms and has 
been linked to an increased risk of lymphoma. However, acute, life-threatening 
manifestations are very rare.

DEATH

SEVERE TO LIFE
THREATENING

SYMPTOMS

MILD TO MODERATE 
SYMPTOMS

NO SYMPTOMS, ALLERGEN EXPOSURE 
BELOW MINIMAL ELICITING DOSE

VERY MINOR SYMPTOMS 
E.G. TINGLE, ITCH

Source: Reproduced with permission from Dubois et al., 2018.

FIGURE 3.	 HIERARCHY OF RISKS FACED BY PEOPLE SUSCEPTIBLE TO IGE-MEDIATED FOOD 
ALLERGY

Therefore, while each condition has different concepts of severity and health impacts at 
the individual and societal level, for the purpose of prioritizing food allergens on the basis 
of public health importance, a metric for severity at the population level should be utilized.
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2.4	 CRITERIA FOR DERIVATIVES RECOMMENDED TO BE EXEMPTED 
FROM LABELLING 

Many ingredients are derived from the foods included on the priority list (Bush, 
Baumbert and Taylor, 2020). Some ingredients contain comparatively high levels 
of protein from the source food (e.g. casein from milk, gluten from wheat and 
marzipan from almonds), while others contain almost non‑detectable levels of 
protein from the source food (highly re�ned peanut oil, butter ester from milk and 
ethanol from wheat starch). The names of some of these ingredients (e.g. casein, 
whey and semolina) do not allow easy identi�cation of the source food. Ideally, 
source labelling of derivatives of the foods on the priority list should be based 
upon the hazard posed to consumers who are allergic to that source food. Labelling 
exemptions should be based upon the degree of risk using available scienti�c and 
clinical data and should also be considered on a case-by-case basis.

Decisions regarding exemptions from source labelling can be based upon several 
criteria as outlined in Table 2.

TABLE�2	 CRITERIA FOR DERIVATIVES RECOMMENDED TO BE EXEMPTED FROM LABELLING

CRITERION REASONING

Level of protein unlikely to 
cause a reaction

IgE-mediated reactions are directed to the protein component of the food. Reduction 
of the protein content to an extent that the amount, if ingested, is below that known 
to trigger reactions in a (very) low proportion of at-risk individuals provides assurance 
of low probability of a reaction and thereby supports exemption. Expected frequency of 
reactions can be modelled to support the assessment. Requires the establishment of 
consensus threshold doses (Task 2). Requires demonstration that the selected analytical 
method is suitable to determine the protein content of the derivative.

Type of protein is unlikely 
to cause a reaction

While the allergenicity of a food is correlated with the total amount of protein from that 
source, some speci�c proteins are allergens while others are not. Requires demonstration 
that the ingredient will not elicit reactions upon challenge of allergic individuals.

Type vs degree of 
processing (e.g. hydrolysis) 
and distilled products

Exemptions based on process must be considered on a case-by-case basis and are 
likely limited. Requires demonstration that the selected analytical method is suitable 
to determine the protein content of the derivative. May require demonstration that the 
ingredient will not elicit reactions upon challenge of allergic individuals.
Hydrolysis can reduce the probability of reaction, provided the process and its outcome 
are understood. For instance, it is likely to support lack of allergenicity if the fragments 
are too small to cross-link IgE and do not aggregate. This is evidenced by the ef�cacy of 
amino acid formula in the treatment of a cow�s milk allergy. It can be assisted by other 
treatments such as high pressure, microwave or heat to increase its ef�ciency. Extensive 
hydrolysis is likely necessary.
Distillation is a process used to separate volatile from non-volatile components of 
a mixture. Proteins are non-volatile compounds, so the distillate prepared from an 
allergenic food will contain extremely low levels of protein.
Edible oil re�ning allows separation of the oil fraction from the meal fraction that is 
enriched in protein. Requires demonstration that the selected analytical method is 
suitable to determine the protein content of the derivative.
Physical treatments can have opposite effects, depending on the intensity. For instance, 
heat treatments between 50 °C and 90 °C increase the allergenicity for some allergens, 
while temperatures above 90 °C could decrease the allergenicity for some allergens.  
It is unlikely that as sole treatments, they can suppress the allergenicity completely.  
This requires demonstration that the selected analytical method is suitable to determine 
the protein content of the derivative.
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TABLE�2	 CRITERIA FOR DERIVATIVES RECOMMENDED TO BE EXEMPTED FROM LABELLING (continued)

CRITERION REASONING

Absence of clinical/
biological reactivity in 
affected individuals and 
biological reactivity

Absence of speci�c IgE-antibody binding, skin prick test reactivity and/or challenge 
reactions with the derivative provides good evidence to support exemption, particularly 
in situations where physico-chemical considerations (as above) are not considered 
conclusive. 

Characterization/
speci�cation of the 
derivative

The derivative for which an exemption is sought should be well-characterized and 
speci�ed, e.g. in terms of limits to protein content and/or process (particularly important 
if the exemption is sought for a generic derivative rather than a proprietary one). 
Requires demonstration that the selected analytical method is suitable to determine the 
protein content of the derivative. For a generic derivative, assure that all commercial 
processes yield ingredients with similar compositions.

2.4.1	 LEVEL OF PROTEIN

The amount of protein from the source food should be a key criterion for 
consideration for source labelling exemptions. In some circumstances this criterion 
has been oversimpli�ed by equating it to a requirement of total absence of protein 
in products that are considered for such a labelling exemption. However, since 
the total absence of protein from any product can never be proven (all analytical 
methods have a detection limits), such an interpretation has been shown not to be 
especially useful. It is well established that some derivatives contain very little, if 
any, protein from the source, although dif�culties with analytical methodology 
can limit the ability to quantify the precise amount of remaining protein.  
With the establishment of threshold doses in Task 2, the possibility will exist to 
establish a quantitative criterion that establishes a clear, hazard-associated basis for 
exemption decisions based upon the protein content of a speci�c derivative. The level 
of protein unlikely to cause a reaction can be compared with established threshold 
doses (Task 2) de�ned by the dose distribution of individual minimum eliciting doses 
(MEDs) for the allergenic food where such data are available. Some considerations in 
using the data would be whether the protein concentration in the derivative had just 
been  reduced, or its pro�le had been altered during the process (this would affect 
analytical methods in relation to the calibrants used, among other factors). 

A select few derivatives may be considered for source labelling exemptions, even 
though these ingredients contain high levels of protein from the source food. In 
these speci�c cases, the derivative is composed of proteins other than the known 
prevailing allergens from the source food. The best example is �sh gelatin, which 
is composed primarily of collagen, a �sh protein with limited allergenic potential. 
The predominant allergen in �sh is parvalbumin, a calcium-binding protein from 
�sh muscle. Fish gelatin is manufactured primarily from �sh skins that contain 
limited amounts of adherent �sh muscle tissue. Parvalbumin levels can be reduced 
to levels below detection limits by extensive water washing of the insoluble gelatin 
material (Koppelman et al., 2012). Considerable caution is needed in applying 
this criterion because of the uncertainty about the level of water washing that is 
applied by �sh gelatin manufacturers overall. Glucose syrups from wheat constitute 
another example. Although they contain measurable residual protein, this is largely  
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granule-based starch synthase (GBSS) rather than gluten (EFSA, 2007). Additionally, 
speci�c exemptions could be applied for certain uses of such derivatives. Fish gelatin 
again serves as an example because one use is the encapsulation of vitamins, a use that 
leads to very low consumer-exposure doses. A clinical challenge trial was conducted 
on cod�sh gelatin to document that the levels of this derivative typically used for 
vitamin encapsulation did not provoke allergic reactions in cod-allergic individuals 
(Hansen et al., 2004).

2.4.2	 DEGREE OF PROCESSING

Demonstration of the absence of biological/clinical reactivity can support a source 
labelling exemption and may indeed be essential if other data are inconclusive. 
Critical methodological considerations will include choice of population in which to 
test, possibly featuring at least a high proportion of individuals with a high degree of 
reactivity, as well as enough to enable derivation of a statistically robust conclusion. 
Participants should also be well characterized in terms of their allergic reactivity.

The evaluation of the effect of processing operations on the allergenicity of a food 
or an ingredient derived from that food is complex. The demonstration of a lack 
of clinical reactivity is likely necessary to con�rm that the process has eliminated 
or suf�ciently reduced the allergenic hazard. Processing can affect the solubility of 
allergenic proteins, removing them from solution and complicating the detection 
of residual allergens. Insoluble allergen residues, while often undetectable by many 
analytical methods, may retain allergenicity upon oral challenge because digestion 
succeeds in resolubilizing the aggregated allergenic proteins. Even biological 
reactivity measures such as IgE binding can be misleading due to the insolubility of 
the allergenic proteins. Several processing methods do have documented capability of 
reducing or eliminating the allergenic hazard: oil separation and re�ning, hydrolysis 
and/or fermentation, and distillation.

Many edible oils for food use are highly re�ned (Crevel, Kerkhoff and Koning, 
2000). In this process, solvents (e.g. hexane) are used to separate the oil fraction 
from the meal fraction containing the protein (allergen) components from the source 
food. The oil is then further re�ned by neutralization, bleaching and deodorizing. 
Any remaining protein residues are largely removed by these latter re�ning steps. 
Highly re�ned oils (e.g. peanut and soybean) contain very low levels of protein 
barely above detectable limits by the most sensitive analytical methods (typically 
< 0.1 ppm). Fish oil also contains low levels of residual protein. Clinical challenge 
trials have demonstrated the safety of highly re�ned peanut and soybean oils for 
peanut-allergic and soybean-allergic individuals, respectively (Hourihane et al., 
1997; Bush et al., 1985). Fish oil has also been documented to be safe for fish-
allergic individuals (Mark et al., 2008). Some edible oils are cold-pressed (also 
called expeller-pressed) such as sesame oil, and these oils are not considered to 
be safe for allergic individuals. The extraction method, which may differ from 
one production of sesame oil to another, could explain the reported variation 
in allergenicity (Agne et al., 2003). However, the analysis of protein or allergen 
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to yield ethanol that can be distilled to manufacture high purity ethanol with no 
detectable wheat protein residues. Distilled spirits (e.g. vodka and rye whiskey) 
are other distilled products with no detectable gluten residues. Several �avouring 
agents are derived from milk in part through distillation; examples are butter ester 
and starter distillate. 

2.4.3	 ABSENCE OF CLINICAL/BIOLOGICAL REACTIVITY IN AFFECTED 
INDIVIDUALS AND ANIMAL MODELS

It is possible to demonstrate changes in allergenic activity in terms of eliciting an 
allergic reaction in sensitized individuals. Thus, clinical oral challenge trials involving 
appropriate amounts of a derived food ingredient in individuals with well-de�ned 
allergies to the source food of the derived food ingredient remain the gold standard 
approach to document that the allergenic activity of the derived ingredients is low 
enough to pose little to no risk to allergic consumers and can therefore be exempted 
from allergen labelling regulations. Oral challenge studies have the advantage of 
being holistic approaches since digestion, absorption, IgE-binding on effector 
cells, mediator release and mediator responses are considered. Other measures of 
biological reactivity, short of an oral challenge trial, which may also be useful include 
skin prick testing, mast cell or basophil activation tests and IgE-binding studies. 
These approaches are not as de�nitive as oral challenge trials. Well-validated animal 
models do not exist that allow the prediction of the allergenicity of ingredients in 
terms of de novo sensitization.

2.4.4	 CHARACTERIZATION/SPECIFICATION OF A DERIVATIVE INGREDIENT

For generic exemptions, such as those which might pertain to a whole class of 
products, characterization of the material used to demonstrate the absence of 
potential or actual allergenic reactivity is essential. This characterization should 
cover the relevant characteristic(s), such as the level of residual protein and be used 
to develop a relevant speci�cation. This could include a detailed description of the 
process (e.g. re�ning of edible oils), a value for the relevant criterion (e.g. level of 
protein), together with a demonstration that the selected analytical methods are 
validated to demonstrate compliance. The EFSA opinion on highly re�ned soybean 
oil shows how this approach can be applied in practice (EFSA, 2007). 

To conclude, establishing that a product derived from an allergenic food does not 
pose a risk to consumers with allergies to that food and therefore merits exemption 
from labelling requirements appears conceptually simple, insofar as it requires that 
absence of protein be demonstrated and/or inability of residual protein to trigger 
reactions in susceptible individuals. However, the absence of protein is impossible 
to prove standard methodologies. Analytical methods can be exceptionally sensitive 
and may detect gluten residues that are not clinically relevant, while other methods 
may not be validated adequate to detect presence or absence of certain protein 
residues that are highly processed. Furthermore, the demonstration of clinical  
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and/or biological reactivity can be very complex indeed. Thus, the practical aspects 
of demonstrating these outcomes have required a diversity of approaches, the 
interpretation of the results and the criteria applied to the interpretation can be 
a matter of debates and uncertainty. Even in cases where extensive research has 
been performed (e.g. the use of milk protein hydrolysates in hypoallergenic infant 
formula), there remains debate about the extent to which the desired outcomes 
have been achieved. A generic approach applicable in all, or even most cases, 
still remains beyond reach, and mandates case-by-case evaluation. However, with 
the establishment of thresholds in Task 2, this situation should be reconsidered  
as part of Task 3.
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IMMUNE-MEDIATED 
ADVERSE REACTIONS  
TO FOODS

3.1  INTRODUCTION

Non-toxic adverse reactions to foods can be classi�ed based on their etiology as 
either being immune- or non-immune-mediated (or so-called food intolerances) 
(see Annex 1 for further information). 

Since the mainstay for treating all types of immune-mediated adverse reactions 
is avoidance of the offending food, supporting consumers in making safe food 
choices through labelling of the major food triggers is important. Consequently,  
the prevalence of a disease is an important factor to consider in relation to 
determining foods of public health importance since such data define the size, 
age, gender and ethnicity of the population at risk (Björkstén et al., 2008). It can 
also allow identi�cation of environmental factors that may in�uence patterns and 
prevalence of a disease in different geographic or climatic regions of the world.  
There are inherent biases in the way in which patients get referred into healthcare 
systems across the world, and consequently, it is crucial that the prevalence of a disease 
is determined in an unselected study population using a sample frame designed to 
capture a representative proportion of the population under study with regards gender, 
age, ethnicity and socioeconomic status (Celentano, Szklo and Gordis, 2019).

Of the immune-mediated adverse reactions to foods considered to be within the 
scope of the consultation, only coeliac disease and IgE-mediated adverse reactions 
to foods will be considered with regards to their prevalence. Those excluded are 
summarized in Table 3  and were excluded because some conditions are very rare 
whilst for others, data were lacking on prevalence in unselected populations with 
rigorous diagnostic outcomes. Further background information on these conditions 
and their classi�cation can be found in Annex 1.
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TABLE�3	 SUMMARY OF PREVALENCE OF NON-IGE-MEDIATED FOOD ALLERGY NOT INCLUDED IN THE 
ASSESSMENT

CONDITION PREVALENCE/INCIDENCE FOOD TRIGGERS REFERENCES 

Food protein-induced enterocolitis 
syndrome (FPIES) 

Incidence ranges from 0.34% at 
1 year in Israel to 0.51% (95% CI, 
0.42�0.62) in the United States 
of America but is very low in an 
Australian study using a rigorous 
case (15.4/100 000/y. incidence in 
infants under the age of two years).

Commonly milk and soybean and 
cereals  

Katz et al., 2011; Nowak-Wegrzyn 
et al., 2019; Mehr et al., 2017 

Food protein-induced enteropathy A rare condition the prevalence of 
which has not been determined. 

Cow�s milk, soybean, egg, �sh, 
cereals (including wheat and rice)  

Caubet et al., 2017; Savilahti, 2000 

Food protein-induced allergic 
proctocolitis 

Prevalence isestimated to be around 
0.16% in Israel and a cumulative 
incidence over 3 years of 17% in the 
United States of America. 

Cow�s milk, soy Elizur et al., 2012; Martin et al., 
2020 

Eosinophilic oesophagitis Incidence is estimated to be 4.37 
(95% CI: 3.94�4.84) vs 1.97 (95% 
CI: 1.68�2.29) per 100 000 males 
and females, using a disease 
registry in Netherlands. Incidence 
is higher in the United States of 
America at 56.7/100 000. 

Cow�s milk, wheat, egg, soy and 
meats  

de Rooij et al., 2021; Dellon et al., 
2014 

Non-eosinophilic oesophagitis 
gastrointestinal diseases 
(eosinophilic gastroenteritis; 
eosinophilic colitis) 

Very rare conditions are estimated 
to affect 2% of patients with 
gastrointestinal disease.

Food triggers are not well de�ned 
since conditions do not respond 
well to elimination diets, although 
biomarkers (such as eosinophil 
counts) respond to such treatments 
in children. 

Licari et al., 2020; Cianferoni, 2020

The second aspect that will affect the quality of the prevalence data is the method used 
to diagnose a particular condition. The diagnostic methods for the different types 
of immune-mediated adverse reactions that are within the scope of the consultation 
are summarized below. 

3.1.1	 COELIAC DISEASE

Coeliac disease and the associated conditions, dermatitis herpetiformis and gluten 
ataxia are immune-mediated adverse reactions where the symptoms resolve or 
stabilize following adherence to a gluten free diet (Husby et al., 2012; Murch et 
al., 2013). Symptoms of the condition are typically manifested as a malabsorption 
syndrome with weight loss and fatigue together with gastrointestinal symptoms 
such as abdominal pain, vomiting, diarrhea and �atulence. Individuals with these 
conditions who are on a gluten-free diet suffer a relapse within several hours of being 
challenged with gluten (or puri�ed gluten fractions), the appearance of symptoms 
being preceded by immune, cell-mediated in�ammatory changes and associated with 
a �attening of the intestinal mucosa (Ensari et al., 1998; Kristjansson et al., 2005).  
Also, chronic exposure to gluten-containing grains may lead to persistent intestinal 
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inflammation resulting in severe nutrient deficiencies such as iron-deficiency 
anemia, osteomalacia, osteoporosis, and failure to thrive as well as in potentially 
fatal gastrointestinal malignancies. More detail on coeliac disease and associated 
conditions can be found in Annex 1. 

Diagnosis of coeliac disease involves:

	> HLA typing: The HLA types HLA-DQ2 and/or HLA-DQ8 are predisposing 
risk factors for coeliac disease; although HLA typing may be undertaken to 
support diagnosis, it is not suf�cient alone. These genetic markers (HLA-DQ2 
and/or HLA-DQ8) allow exclusion of a diagnosis of coeliac disease when they 
are negative.

	> Serological analysis: This relates to the determination of anti-tissue 
transglutaminase 2 (TG2) and anti-endomysial IgA (Volta and Villanacci, 
2011). False positives can be observed for the TG tests due to raised levels of 
IgA in patients with in�ammatory bowel disease, food allergy, irritable bowel 
syndrome, giardiasis, other intestinal infections and autoimmune disorders. 

	> Intestinal biopsies: Intestinal biopsies to determine mucosal damage remain 
the preferred approach for con�rmation of coeliac disease using, for example, 
the Marsh grading system (Husby et al., 2012; Murch et al., 2013; Oberhuber 
et al., 1999; Lewis and Scott, 2010). This provides an unequivocal diagnosis but 
requires patients to continue with a gluten-containing diet prior to biopsy; many 
are unable to comply with this. There are recommendations that individuals with 
a 10-fold elevated IgA level to TG2 accompanied by anti-endomysial IgA and 
who are HLA-DQ2 and/or HLA-DQ8 type do not require a biopsy (Murch 
et al., 2013; Caio et al., 2019). 

3.1.2	 IGE-MEDIATED ADVERSE REACTIONS TO FOOD

Diagnosis of IgE-mediated food allergies encompasses the taking of a detailed clinical 
history which includes aspects of eliciting allergens and timing of appearance of 
symptoms, which should appear within two hours of consumption of an offending 
food. Other aspects to be considered include the signs and symptoms, whether they 
are characteristic of an IgE-mediated food allergy, and their severity. Other important 
considerations include whether the reaction is reproducible, and aspects such as 
family history of allergic disease and coexisting medical problems such as other 
allergies and asthma. The second aspect of diagnosis is the determination of food 
speci�c IgE either through skin prick testing or the determination of allergen speci�c 
serum IgE. However, since IgE sensitization does not always predict clinically 
relevant food allergy, such allergy testing has to be determined by the clinical history 
and helps to con�rm whether a patient has IgE to a particular problem food. The 
gold standard of diagnosis is oral food challenge, and in particular, double�blind 
placebo�controlled food challenge (DBPCFC) and provides objective diagnosis of 
IgE�mediated food allergy. Challenges are used clinically to demonstrate whether 
a patient is allergic or sensitized but tolerant and helps to inform dietary avoidance 
strategies (Bird et al., 2020; Sampson et al., 2012; Muraro et al., 2014).
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3.1.3	 Criteria for quality evaluation of prevalence data
Taking into consideration diagnostic best-practice, the following approach to 
assessing the data quality has been taken. Starting with the highest quality of data, 
prevalence of challenge con�rmed food allergy (grade 1) is generally greater than 
probable (grade 2) and greater than self-reported (grade 3) for both coeliac disease 
and IgE-mediated food allergy.

Grade 1: Prevalence of con�rmed coeliac disease and IgE-mediated allergies is 
determined using appropriate �gold standard tools�. These are:

	» IgE-mediated food allergy: a clinical history of reaction to a food, together 
with evidence of sensitization to that food (determined by either skin prick test 
of > 3�mm wheal diameter and/or food allergen speci�c IgE of > 0.35 kU/L to 
that food) and a positive oral food challenge using that food with symptoms 
consistent with an IgE-mediated food allergy which appear in < 2 hours; and

	» Coeliac disease: a combination of clinical history, anti-tissue transglutaminase 
2 (TG2) IgA, with anti-endomysial IgA being employed as a con�rmatory 
test and intestinal biopsy as a con�rmation in equivocal cases to de�ne. 

Grade 2: Probable adverse reaction to foods with symptoms are consistent with 
a particular immune-mediated adverse reaction to food and evidence of a disease 
biomarker, such as  sensitization to a relevant food determined by SPT (> 3 mm 
wheal diameter) or food allergen speci�c IgE (> 0.35 kU/L) for an IgE-mediated 
food allergy.

Grade 3: Possible adverse reaction to food is based on self-report data alone with or 
without evidence of symptoms consistent with IgE-mediated reaction and reported 
doctor diagnosis of food allergy, and so on. Food allergy is based solely on evidence 
of IgE sensitization to the food alone. Food allergic individuals identified by 
registries or retrospective review of medical records with or without ICD diagnosis 
of possible food allergy.

The approach adopted by the group was to consider ONLY grade 1 or 2 evidence 
because grade 3 evidence will give erroneously high prevalence estimates.  
Studies basing food allergy prevalence on IgE sensitization to food without any 
relationship to clinical history data were excluded since clinical diagnostic guidelines 
indicate that this is not good practice (Muraro et al., 2014). This approach has also 
addressed the issue that routine clinical diagnosis of tree nut allergy can involve 
use of mixed tree nut reagents for skin testing, for example. The Expert Committee  
debated the relevance of grade 3 self-reported food allergy data and agreed that data 
from validated questionnaires also assessing symptoms and doctor diagnosis were 
potentially more robust for IgE-mediated food allergy diagnosis than questionnaires 
querying self-reported food allergy alone. The members also acknowledged that 
exclusion of these data could impact prevalence assessment of food allergies in 
certain geographic areas. However, a review of the literature identi�ed suf�cient 
grade 1 and 2 prevalence data to make global prevalence estimations for most food 
allergens. Thus, members ultimately decided that no grade 3 self-reported data met 
the scienti�c rigor for this prevalence assessment.
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3.1.4	 CLASSIFICATION OF PREVALENCE

The proportion of a de�ned population known to have experienced an immune-
mediated adverse reaction to food can be expressed as:

	> Point prevalence: the proportion of the population expressing a reaction at a 
given point in time

	> Period prevalence: the proportion of the population expressing a reaction during 
a given period

	> Lifetime prevalence: the proportion of the population that will experience an 
immune-mediated adverse reaction to food at some point during their lifetime 

In general, most data assessed have only de�ned the point prevalence, although in 
some instances, data quality has allowed meta-analyses which have de�ned lifetime 
prevalence. 

Assessment of the data indicates diverse prevalence rates around the world as a 
function of age group. Consequently, data have been assessed and classi�ed to take 
this into account. 

Age groups considered were:

	> Infants and young children < 4 years

	> Children aged 4�18 years old

	> Adults

The classi�cation of prevalence data into �ve categories is shown in Table 4. 

TABLE�4	 CLASSIFICATION OF PREVALENCE OF IMMUNE-MEDIATED ADVERSE REACTIONS TO FOOD 

GROUP GEOGRAPHIC CLASSIFICATION DEFINITION AS % PREVALENCE

0 Insuf�cient data Not applicable

1 Very low < 0.5% in one region only OR < 0.1% in all regions
2 Low < 0.5% in all regions

3 Mixed > 1% in one region AND 0.5�1.0% in at least one other 
region

4 High > 1.0% in more than one region

Prevalence data were classi�ed using this approach for each age group, and then a 
consensus was arrived at over the overall prevalence score. Factors considered in 
this evaluation included whether a vulnerable group, such as infants or children, 
were showing a higher prevalence. 
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3.2  SUMMARY OF OVERALL PREVALENCE

GENERAL COMMENTS (Table 5)

	> During the process of review, it became evident that prevalence studies often 
do not report negative results for very low prevalence foods; such data are 
informative in identifying allergenic foods of public health importance. It would 
be helpful if such information was made available in future prevalence studies 
for immune-mediated adverse reactions to food. 

	> The review process also identi�ed that many parts of the world lack high quality 
grade 1 and grade 2 studies. 

	> There were six foods for which insuf�cient data were available to assign to a 
group. These were: 

	» Lupin: This is not a widely consumed food, and it was added to mandatory 
allergen labelling lists in some regions and countries (European Union, 
Australia/New Zealand, Turkey, Morocco, Ukraine) because of potential 
cross-reactivity with peanut. 

	» Molluscan shell�sh: There is a lack of prevalence data where probable food 
allergy is reported, or allergy was con�rmed by oral food challenge. It is not 
clear whether the lack of reported adverse reactions is because the food has 
not been included in the panels of food studies in epidemiology studies or 
because the prevalence is very low and has not been reported. 

	» Barley, rye and oats: Studies on coeliac disease do not investigate reactions 
to these other cereals due to the known presence of coeliac toxic motifs in 
the seed storage proteins. There are few reports of IgE-mediated adverse 
reactions to them. Further information on this is included in Annex 2. 

	» Coconut: There is a lack of prevalence data where either probable food 
allergy is reported, or allergy was con�rmed by oral food challenge. Like 
for lupin, it is not clear whether the lack of reported adverse reactions is 
because the food has not been included in the panels of foods investigated 
speci�cally in epidemiology studies or because the prevalence is very low 
and has not been reported. 

	> Evidence was found that two foods, egg and milk, showed high rates of disease 
in young children in several geographic regions, although rates in adults are low 
or very low. A third food, peanut, also showed high rates in several geographic 
regions and the rates are higher in older children.

	> Several foods showed mixed rates across the world, but prevalence was high in 
certain regions and included:

	» Wheat: only for triggering coeliac disease

	» Tree nuts:
	> Cashew and pistachio
	> Hazelnut
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	> Several foods (listed below) were classi�ed as being of very low prevalence (listed 
below). For almond, Brazil nut, pecan and macadamia, there are few studies 
meeting grade 1 and 2 quality criteria which are limited to Europe and Australia. 

	» Celery (regional � Eastern Europe)

	» Buckwheat (regional � Japan and the Republic of Korea)

	» Mustard

	» Almond

	» Brazil nut (regional � the United Kingdom of Great Britain and Northern 
Ireland and Australia)

	» Macadamia (regional � Australia)

	» Pecan

	» Pine nut (regional � Australia) 

	> The remaining foods are of a low prevalence.

Considering the prevalence criterion only, it is believed that the foods which were 
placed in groups 2, 3 and 4 could be included in a global priority list of food allergens 
based on the fact they affect a substantial proportion of individuals across the world. 
In addition, prevalence of pecan allergy has been assessed as very low but would 
need to be on the list because of its homology and concordance of clinical allergy 
with walnut, which has been reported to have a low prevalence worldwide.

©
 F

A
O

/R
ic

ca
rd

o 
D

e 
Lu

ca



30

MEETING REPORT
RISK ASSESSMENT OF FOOD ALLERGENS

TABLE�5	 SUMMARY OF OVERALL PREVALENCE CATEGORIES OF COELIAC DISEASE AND  
NON-IGE-MEDIATED FOOD ALLERGY BY INCRIMINATED FOOD 

FOOD

PREVALENCE GROUP

0 1 2 3 4

INSUFFICIENT 
DATA TO 

DETERMINE 
LOW OR HIGH

VERY LOW LOW MIXED HIGH

Animal food allergens
Cow�s milk
Hen�s egg
Fish (as cod�sh)
Crustacean shell�sh
Molluscan shell�sh
Plant-derived foods
Wheat � Coeliac disease

Wheat � IgE-mediated food allergy

Barley � IgE-mediated food

Rye � IgE-mediated food

Oats � IgE-mediated food

Fruits and vegetables

Celery 

Kiwi

Lupin

Legumes

Peanut

Soybean

Seeds

Buckwheat

Mustard

Sesame

Tree nuts

Almond

Coconut
Brazil nut 
Cashew nut

Hazelnut

Macadamia nut
Pecan [needs to be on the list 
because of homology with walnut]

Pistachio
Pine nut

Walnut

The details of prevalence evidence assessments is included in Annex 3.
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CHAPTER 4
POTENCY CRITERIA 
ASSESSMENT  
OF ALLERGENS

4.1  BACKGROUND AND INTRODUCTION

The Codex General Standard for the Labelling of Prepackaged Foods (GSLPF) 
(FAO and WHO, 2018) currently mandates that eight foods and ingredients 
known to cause hypersensitivity shall always be declared, namely cereals containing 
gluten, crustacea, egg, fish, peanut and soybean, milk and tree nuts. Sulphites  
(where present at concentrations of � 10 mg/kg) must also be declared. Among criteria 
for determining this list of priority food allergens, con�rmation of allergenicity with 
a double-blind, placebo-controlled food challenge (DBPCFC) was considered. More 
recently and in accordance with Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) guidelines, �The existence of a credible cause-effect relationship, 
based upon positive DBPCFC or unequivocal reports of reactions with typical 
features of severe allergic or intolerance reactions� has been used for describing the 
potency criteria (The Canadian Criteria for the Establishment of New Priority Food 
Allergens) (Canada and Health Canada, 2011). However, �the existence of a credible 
cause-effect relationship, based upon positive DBPCFC or unequivocal reports of 
reactions with typical features of severe allergic or intolerance reactions� has been 
reported for almost all current and proposed priority allergenic foods. 

Therefore, the working group defined the potency criteria for evaluation  
of IgE-mediated food allergy as follows: 

A value or parameter derived from the existence of a biologically 
plausible relationship between the amount of protein from an allergenic 
food ingested and the proportion of the allergic population at risk of 
responding to that allergen. This relationship could be described using dose 
distribution modelling of data based upon positive oral food-challenge  
data from escalating dose studies, preferably using DBPCFC.
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4.2  METHODS

The working group considered the outputs from the reviews undertaken, and then 
categorized allergenic foods into the following three categories or bins (Table 6).

TABLE�6	 CRITERIA DECISION FOR INCLUSION ON GLOBAL PRIORITY ALLERGEN LIST

BIN 1 BIN 2 BIN 3 

POTENCY Low Medium High

Supporting information 

Information recorded or summarized, when available, included the ED101 and ED50 
from dose distribution modelling, a summary of the data sources, the amount of 
data available for dose distribution modelling, and the potential for biases that might 
affect the population-based eliciting dose (EDp) values, as indicated in summary 
Table 7 for each of the food allergens. 

TABLE�7	 TEMPLATE USED TO SUMMARIZE SUPPORTING INFORMATION FOR INDIVIDUAL FOODS

POTENCY BIN 1 BIN 2 BIN 3 BIN 4

ED10 MG RANGE, 
INCLUDING 95% CI > 100 mg protein 10�100 mg protein 1�10 mg protein < 1.0 mg protein 

ED50 MG RANGE, 
INCLUDING 95% CI > 1 000 mg protein 100�1 000 mg 

protein 10�100 mg protein < 10 mg protein

SUMMARY OF 
DATA SOURCES 
AND ORIGINS 
(DEMOGRAPHIC, 
MEDICAL/CLINICAL, 
GEOGRAPHIC) 

NUMBER OF 
STUDIES AVAILABLE n = 

NUMBER OF 
INDIVIDUAL DATA 
POINTS AVAILABLE 

n = 

POTENCY BIN 1 BIN 2 BIN 3

ED10 MG RANGE, 
POTENTIAL BIASES 
OF DATA AVAILABLE 

High Adequate Low 

QUANTITY OF DATA 
AVAILABLE FOR 
DOSE-DISTRIBUTION 
MODELLING 

not available  (n =) Poor (n � 40) Adequate (n = ~40 
� 100) Good (n > 100) 

1	 Eliciting Dose (EDp) refers to the proportion (p) of the allergic population predicted by dose distribution modelling to 
react to a specified amount (dose) of total allergenic protein in a food. Thus, ED10 and ED50 refer to the doses predicted to 
provoke reactions in 10 percent and 50 percent of the allergic population respectively.
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4.2.1	 PRINCIPLES OF DATA SELECTION AND ANALYSIS OF DOSE 
DISTRIBUTIONS FOR ALLERGENIC POTENCY � SUMMARY 

Criteria for selection and inclusion for subject data point, as well as extraction of 
individual No observed effect levels (NOAELs) and Lowest observed effect levels 
(LOAELs), together with Interval-censoring analysis (Icsa) of such data were �rst 
described in detail for peanut data in Taylor et al. (2009). They were developed 
and re�ned further, most recently with the publication of Westerhout et al. (2019) 
de�ning in detail the objective symptoms which form the foundation of the analysis, 
as well as how NOAELs and LOAELs are extracted from DBPCFC data. Statistical 
methods for application of Icsa in food allergen dose distribution modelling were 
updated by Wheeler et al. (2021) to include model averaging and account for study-
to-study heterogeneity. Applying these criteria, generation of dose distributions 
and subsequent derivation of discrete or cumulative EDp values is described for 
challenge data on 14 allergenic foods in Remington et al. (2020) and Houben et al. 
(2020). 

Westerhout et al. (2019) also reported the selection criteria of studies reporting 
individual food challenge data:  

In short, data from DBPCFCs were included if they started at low doses  
(< 1 mg ideal, with < 10 mg or < 100 mg also used with exceptions depending 
on the type of allergen and amount of available data) and if the authors/clinics 
clearly reported the dosing scheme used, indicated if/when repeated doses were 
used, detailed the challenge material and reported the symptoms in an individual 
fashion or reported a grouped symptom classification with a clear separation 
between objective and subjective symptoms. Additionally, data were included 
from study protocols using different time intervals between doses (15-30 minutes 
on average, up to 2 hours between doses). Publications were also used if some 
but not all reported individuals had data available in the desired format.  
Due to some extremely high dose labial challenges, DBPCFCs starting with 
a positive labial challenge were excluded, and protocols beginning with labial 
challenges were discouraged unless the exact labial dose could be veri�ed and it 
could be safely assumed that the labial dose was smaller than the following ingested 
doses. Naturally, in contrast to the inclusion criteria, additional general exclusion 
criteria included results from DBPCFCs with extremely high starting doses,  
if the full dosing scheme was not able to be derived from reported information, 
if objective and subjective symptoms were unable to be separated from reported 
grouped symptoms, and if the challenge material or protein content could not be 
derived from the reported information. Additionally, data from individuals in 
food-challenge datasets who do not react to any dose during challenge and were 
determined to be tolerant were excluded from further threshold determinations 
for population risk assessment (Westerhout et al., 2019). 
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As detailed in Remington et al. (2020) and Houben et al. (2020), the authors used 
the criteria from Westerhout et al. (2019) to systematically search and update their 
publication database with results identi�ed in databases such as PubMed and Scopus 
with the general search terms: �(allergy AND [food OR nutrition] AND [DBPCFC 
OR challenge OR provocation OR threshold OR eliciting])�. Publications with 
potential potency data were also added from a list of all publications relevant to 
food allergy as identi�ed during custom screening of Current Contents (TM), other 
literature databases such as Medline, scanning content pages of specialty allergy 
journals, and cross-referencing of bibliographies of publications. Publications up 
to 2011 were identi�ed, detailed and included in the analysis of Taylor et al. (2014). 
The database was further updated with publications between 2011�2018, with over 
2 516 titles and abstracts screened for further review, 570 peer-reviewed articles kept 
for full PDF review, and 47 identi�ed as containing quantitative individual level 
data in a useable format, as detailed and included in the analysis of Remington et 
al. (2020) and Houben et al. (2020).  

For the current potency criteria review, the Subgroup of the Expert Committee 
for Potency  reviewed the dose distributions as detailed in Remington et al. (2020) 
and Houben et al. (2020), as well as 71 publications identi�ed by the Subgroup to 
potentially contain general group-level potency data (but previously identi�ed not 
to contain detailed individual level data � and not included in the Houben et al. 
(2020) dose distributions). For additional details, please see the main text of Report 
2, as well as its Annex for the 71 studies considered. These studies were identi�ed 
after applying similar search criteria, abstract screening of nearly 3 000 publications, 
and a PDF review of more than 450 publications identi�ed for detailed review. 
Furthermore, the Subgroup reviewed additional studies identi�ed for potential 
potency review by members of the current working group.  

4.2.2	 SYMPTOMS CONSIDERED IN ASSESSMENT AND DERIVATION OF NOAELS/
LOAELS 

The Subgroup considered data based on objective symptoms resulting from oral 
food challenges in allergic individuals. Objective symptoms include any symptom 
that is externally observable, while subjective symptoms cannot be con�rmed by 
clinical observers (see Table 8 for a list of possible symptoms). While Table 8 is a 
broad list of symptoms, it should be acknowledged that it is not an exhaustive list, 
and other recorded subjective or objective symptoms are also possible. Again, any 
dose distributions, EDp values, or individual NOAELs and LOAELs reviewed 
in this report were considered if it was clear that the data reported referred to  
objective symptoms. 
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TABLE�8	 MOST COMMON SIGNS AND SYMPTOMS OF ALLERGIC REACTIONS TO FOOD, AS REPORTED 
IN PUBLICATIONS AND UNPUBLISHED CLINICAL DATA

SUBJECTIVE SYMPTOMS OBJECTIVE SYMPTOMS

Oral cavity

	> Pruritus (itching) and paresthesia (tingling sensation) 
of the oral cavity, pharynx and/or lips (so called oral 
allergy symptoms [OAS])

	> Lip swelling 
	> Redness/swelling of the oral mucosa 
	> Blisters of the oral mucosa 

Skin
	> Pruritus (itching) 	> Urticaria

	> Angioedema
	> Flush
	> Erythema (Redness)

Eyes and Nose
	> Pruritus (itching) 	> Red eye/conjunctival hyperemia 

	> Tearing 
	> Sneezing 
	> Rhinorrhea 

Gastrointestinal
	> Dysphagia
	> Abdominal/gastric pain*
	> Cramps
	> Nausea
	> Bloating

	> Diarrhea
	> Vomiting**

Neurological
	> Headache
	> Dizziness
	> Anxiety
	> Tension/agitation

	> Seizures 

Respiratory
	> Laryngeal/throat tightness
	> Thoracic/chest tightness
	> Dyspnea/shortness of breath

	> Laryngeal edema
	> Dysphonia
	> Wheezing
	> Reduced peak expiratory �ow/drop in FEV1
	> Silence (in lung auscultation)
	> Breathless to speak
	> Rapid breath
	> Chest retractions
	> Cough

Cardiovascular
	> Faintness
	> Tiredness

	> Change in heart rate/tachycardia
	> Hypotension/drop of blood pressure
	> Change in consciousness

Other
	> Uterine cramps/contractions

*Abdominal pain and gastric pain are considered objective symptoms provided they are observed in children less than three years old.  

**Vomiting is not considered an objective symptom in children less than one year of age unless the clinician stops the challenge because of vomiting.  
If vomiting occurs at the �nal dose of the challenge, it is not considered an objective symptom in children less than one year old, unless additional objective 
symptoms are present. 

Source: Adapted from Westerhout et al., 2019
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Selection criteria of studies reporting individual food challenge data, where similar 
criteria were followed by this Subgroup, are reported by Westerhout et al. (2019):  

As a subject is challenged with increasing doses during a DBPCFC, objective 
symptoms occur and that specific dose is designated as the lowest observed 
adverse effect level (LOAEL). The highest dose that does not lead to objective 
symptoms (e.g. the immediately preceding step in the progression) is then 
designated the no observed adverse effect level (NOAEL). The exact doses 
(mg) of total protein for individual subjects� NOAELs and LOAELs were 
established based on the dosing scheme and challenge material form as provided 
in the publication/clinic (e.g. scrambled whole egg, scrambled egg white, whole 
egg powder, egg white powder). Individual NOAELs and LOAELs were also 
derived from summarized group data when only objective symptoms were 
included in the results and the number of subjects was clearly stated. In case of 
ambiguity regarding reported symptom data in the publications of interest, the 
corresponding author of a publication or the responsible clinician was contacted 
by the researchers for further details. When the challenge doses were reported 
in amounts of allergenic food they were converted to mg of total protein of the 
allergenic food as previously described by Taylor et al. All individual NOAELs 
and LOAELs were expressed in terms of doses (mg) of total protein of the 
allergenic food. 

There are two ways of expressing NOAELs and LOAELs, either in discrete 
or cumulative fashion. Discrete values represent the protein amount for each 
individual dose in the challenge scheme, either NOAEL or LOAEL, irrespective 
of all previous doses ingested during the food challenge. In contrast, cumulative 
NOAELs and LOAELs take into account the amount of protein of all the 
preceding doses in the challenge as well. For example, a simple 4-step dosing 
scheme with discrete doses of 1, 3, 10, and 30 mg protein would be reported as 
cumulative doses of 1, 4, 14, and 44 mg protein. One might assume that a dose-
response curve based on discrete doses would be more conservative than when 
utilizing cumulative doses, but in practice there is little observed difference 
between the discrete or cumulative EDp values predicted to cause reactions 
in 1% or 5% of the allergic population. Additionally, due to differences in the 
shape and scale of the calculated parametric dose distribution models �tted 
to discrete or cumulative data points, curves with steeper slopes can lead to 
predicted discrete population EDp values that are actually slightly higher than 
the cumulative population EDp values in the risk management dosing range 
of interest (e.g.ED01, ED05, lower 95% con�dence interval of the ED05 � the 
mg protein amount predicted to cause reactions in 1% or 5% of the allergic 
population). However, differences can occur at higher EDp values such as the 
ED50, so the risk management goal should be considered when choosing discrete 
or cumulative reporting units. For the purposes of this study, a distinction 
between discrete and cumulative reporting units is made when necessary but it 
is not the main focus of the study. 
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Additionally, there are two different endpoints that should be considered when 
interpreting data from food challenges: clear clinical challenge stopping criteria 
vs the LOAEL for risk assessment and risk management purposes. Con�rming 
the presence of a clinical food allergy is of extreme importance to a clinician 
and the potentially allergic patient, due to the signi�cant impact food allergy 
avoidance has on day-to-day life. Thus, situations can arise where challenges are 
continued after the �rst appearance of symptoms, either subjective or objective, 
until clear challenge stopping criteria (or protocol-de�ned stopping criteria) have 
been met and the allergy is con�rmed. In these cases, the clinical challenge 
stopping dose may be different than the determined LOAEL for population risk 
assessment and risk management purposes. Situations of this nature can include, 
but are not limited to: transient objective symptoms, objective symptoms 
continuing from dose to dose, one or multiple doses between objective symptoms 
and a lack of objective symptoms (Westerhout et al., 2019). 

When suf�ciently detailed information was available and when it was indicated 
that challenges were continued after the first appearance of symptoms, the  
NOAEL/LOAEL for risk assessment and risk management purposes was 
determined using the criteria outlined by Westerhout et al. (2019). 

Assessment of bias 

We attempted to provide a qualitative estimate of whether the EDp estimates could 
be biased, starting from the goal of identifying global priority allergenic foods and 
ingredients. Thus, studies limited to a small number of regions, or even con�ned to 
limited parts of wider regions (e.g. data from celery studies being con�ned to Central 
Europe) would lead to a conclusion of potentially high bias. Other factors included 
whether studies were limited to a particular fraction of the population (e.g. children) 
or where inclusion criteria could plausibly have led to a more (or less) sensitive 
population being tested (e.g. immunotherapy studies). Finally, factors inherent 
in the study design or results which could affect the shape of dose-distributions,  
such as a high proportion of left- or right-censored results, also contributed to our 
overall judgement.
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4.3  RESULTS  

4.3.1	 OUTCOMES � CONSENSUS OPINION OF THE SUBGROUP OF THE EXPERT 
COMMITTEE FOR POTENCY 

The Subgroup of the Expert Committee for Potency reached consensus on the level 
of potency for food allergens and these are summarized in Table 9.

TABLE�9	 THE OUTCOME FROM THE SUBGROUP OF THE EXPERT COMMITTEE FOR POTENCY 

ALLERGEN� POTENCY�

Milk� Medium�
Egg� Medium�
Peanut� Medium�
Hazelnuts� Medium�

Cashew nuts� Medium�

Crustacean�� Low (shrimp); N/A for others in group�

Wheat � IgE� Medium�

Fish� Medium�

Walnuts� Medium�

Sesame� Medium�

Pistachio� N/A (cross with cashew)�

Pecan nuts� N/A (cross with walnut)�

Mustard� High�

Soybean� Medium/Low�

Lupin�� Medium�

Brazil nut N/A�

Almond� N/A�

Other cereals� N/A�

Kiwi� N/A�

Pine nuts� N/A�

Molluscan shell�sh� N/A�
Coconut� N/A�
Chestnuts� N/A�

Celery� Medium�

Macadamia� N/A�
Buckwheat� N/A�

The detail of potency evidence assessments is included in Annex 4. 
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4.3.2	 DOSE DISTRIBUTION INFORMATION 

The dose distribution curves for 14 allergenic foods available from Houben et al. 
(2020) are reprinted here as Figure 4. 
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Source: Adapted from Houben et al., 2020.                          

FIGURE 4.	 EDP CURVES FROM THE MODEL AVERAGED POPULATION THRESHOLD DOSE DISTRIBUTIONS 
FOR 14 PRIORITY ALLERGENIC FOODS, BASED ON DISCRETE (UPPER GRAPHS) AND 
CUMULATIVE (LOWER GRAPHS) DOSE DATASETS. DOSES ARE EXPRESSED IN MG TOTAL 
PROTEIN FROM THE ALLERGENIC FOOD
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As seen in Figure 4, the dose distribution intervals for the majority of these  
14 allergenic foods in Houben et al. (2020) were clustered in a similar range, with 
their respective EDp estimates and corresponding 95 percent con�dence intervals 
spanning bins 2 and 3, with the exception of mustard, soy and shrimp (see Annex 4  
�Potency criteria decision and supporting information for individual foods� for 
more detailed information). The summary tables in Annex 4 were used to facilitate 
the discussion during this �rst meeting with regards to the potency criteria decision 
and the overall priority list. This led to the following potency criteria designations 
for the 14 foods: 

	> High: mustard 

	> Medium: wheat, celery, milk, fish, peanut, lupin, buckwheat, egg, sesame, 
hazelnut, walnut (pecan), cashew (pistachio) 

	> Medium/Low: soy 

	> Low: shrimp (crustacea) 

	> Insuf�cient data for dose-distribution modelling: other cereals, buckwheat, 
kiwi, brazil nut, macadamia, pistachio (but cross-react with cashew), almond, 
chestnuts, pecan nuts (but cross-react with walnuts), pine nuts, coconut and 
molluscan shell�sh 

However, it should be noted that the 95 percent con�dence intervals for one or 
both the mustard ED10 and ED50 estimates overlap with the 95 percent con�dence 
intervals for cashew, celery, egg, hazelnut, lupin, milk, peanut, sesame, walnut and 
wheat. Thus, while the potency decision is labelled as �high� for mustard, there is a 
large level of overlap of EDp estimates between mustard and the foods designated 
�medium� potency. 

Additionally for the current potency criteria review, the Subgroup reviewed the 
dose distributions as detailed in Remington et al. (2020) and Houben et al. (2020), 
as well as 71 publications identi�ed by the Subgroup to potentially contain general 
group-level potency data (but previously identi�ed not to contain detailed individual 
level data � and not included in the Houben et al. (2020) dose distributions).  
From these 71 publications (Food and number of studies identi�ed [Peanut 22, Cow’s 
milk 15, Egg 14, Wheat 5, Soybean 3, Cashew 3, Hazelnut 3, Walnut 1, Buckwheat 1,  
Pecan 1, Apple 1, Peach 1, and Yellow Pea 1]), no information was found that altered 
the potency designation assigned above.  

Finally, these same data sources will be further discussed and used for the second 
meeting and reporting of potential thresholds/reference doses. For additional 
information, please see the main text of Report 2, as well as its Annex. 
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SEVERITY ASSESSMENT 
OF PRIORITY ALLERGENS

5.1  BACKGROUND 

As outlined above, there are different severity considerations for IgE-mediated 
vs non-IgE-mediated food allergy and coeliac disease. The former can manifest 
as acute anaphylaxis, a �serious systemic hypersensitivity reaction that is usually 
rapid in onset and may cause death� (Cardona et al., 2020). In contrast, the latter are 
very rarely associated with acute life-threatening presentations. For the purpose of 
prioritizing food allergens on the basis of public health importance, it is therefore 
reasonable to propose that severity considerations could be mostly informed by 
the relative roles of different allergens in causing anaphylaxis in at-risk individuals 
(while acknowledging the risks of gluten exposure in patients with coeliac disease). 

The Codex currently requires disclosure in prepackaged foods for ingredients 
relating to eight food groups: cereals containing gluten, crustacea, egg, �sh, peanut 
and soybean, milk and tree nuts; sulphites (where present at concentrations of � 10 
mg/kg) must also be declared.2 Among criteria for determining this list of priority 
food allergens, the Codex stated that �there should be reports of severe systemic 
reactions following exposure to the foodstuff.� However, severe systemic (allergic)
reactions (often termed anaphylaxis) have been reported to almost all foods. 

There are limited data or criteria relating to the relative frequencies or rates of 
anaphylaxis needed to determine a priority food allergen.3 The data are also 
impacted by signi�cant geographical differences in dietary consumption patterns 
and behaviors, which also affect the prevalence of allergen-speci�c food allergies 
worldwide. As a result, some countries and regions reference speci�c food allergens 
in local legislation which are not in the Codex list as priority allergens.

2	 While hypersensitivity reactions to sulphite exposure from foods have been reported, sulphite do not cause IgE- or immune-
mediated reactions and are thus excluded from this assessment.

3	 While the current priority allergens are in general considered to cause 90 percent of food allergies (and food‑induced allergic 
reactions), there are no established global criteria for assessing food allergen severity in determining the Codex list of food 
allergens and other priority allergens.
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In assessing the relevance of severity when evaluating food allergens for inclusion 
on a priority list, there are several factors to consider. First and foremost, there are 
no established biomarkers for food allergen severity. As a result, severity is a clinical 
assessment which must be inferred from published or other documented evidence 
of food-induced allergic reactions and related adverse health consequences observed 
within population(s) of allergic individuals (Turner et al., 2016). This evidence is 
confounded by differences in de�nitions of severity and the accuracy of reporting.3 

Furthermore, while anaphylaxis is accepted as a serious allergic reaction, the majority 
of anaphylaxis reactions are resolved without intervention; thus, �anaphylaxis� alone 
presents an incomplete assessment of severity.4 One severity endpoint for which 
there is a consensus with respect to severity are those reactions that result in near-fatal  
or fatal anaphylaxis; these occur at an annual incidence of around 1 in 10 000 for 
food allergic individuals (Vyas et al., 2016). Most (but not all) of the priority food 
allergens identi�ed by the Codex have been associated with fatalities. 

While there are increasing data globally relating to the relative prevalence of food 
allergy due to speci�c foods, these epidemiological data may not correspond to 
the list of foods which commonly cause anaphylaxis. As such, there has been no 
global survey assessing geographical differences in the relative proportions of 
anaphylaxis due to speci�c food triggers. Prevalence data should ideally be derived 
from unselected populations; however, this often results in very small numbers of 
individuals allergic to a speci�c food and thus a high level of uncertainty over the 
resulting estimate for prevalence.

As part of preparation for this Codex activity, Baseggio Conrado (2021) undertook 
a systematic review of the literature to identify studies reporting proportions 
of anaphylaxis in different countries and regions due to specific food triggers  
(Table 10). The search strategy is described in the manuscript and includes all 
studies where details were provided as to speci�c triggers for food anaphylaxis, 
either presenting to a medical facility or reported to a central registry. This allows 
a relative proportion of anaphylaxis cases due to a particular food allergen to be 
calculated. Case series reporting more than ten fatalities due to food anaphylaxis 
were also included.

5.2	 METHODS 

The working group considered the outputs from the systematic review undertaken 
and then categorized allergens into the following groups: 

	> Allergens which cause at least 5�10 percent of anaphylaxis reactions in three or 
more Codex regions 

	> Allergens which are considered to cause at least 5�10 percent of anaphylaxis 
reactions in only one or two Codex regions 

4	 For example, some reactions that meet some definitions of anaphylaxis are relatively self-limited and not associated with 
adverse health consequences, while other reactions that are arguably life threatening do not meet some definitions, despite the 
severity resulting in prolonged hospitalization.
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	» (i) Allergens which cause a lower proportion of anaphylaxis reactions in all 
regions OR 

	» (ii) Allergens which cause at least 5�10 percent of anaphylaxis reactions in 
only one CODEX region, but a lower proportion of anaphylaxis reactions 
elsewhere 

Initial assignment was based on Table 10, but then included a consideration of 
the quality of other evidence relating to food allergy severity endpoints and a 
consensus decision was reached. An assessment of the evidence justifying the above 
categorization was also made for each allergen: 

	>  Level 1: High level of confidence by the working group in the estimate of 
the proportion of anaphylaxis reactions due to a given food allergen (and thus 
further data is unlikely to substantially change con�dence in this estimate). 

	> Level 2: Lower con�dence that the available data indicates that a given allergen 
causes at least 5�10 percent of anaphylaxis reactions, and thus other evidence 
relating to fatal food anaphylaxis, allergen cross-reactivity and/or expert 
judgement required."
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5.3	 CONSENSUS OPINION OF THE SUBGROUP OF THE EXPERT 
COMMITTEE FOR SEVERITY

The Subgroup of the Expert Committee for Severity reached consensus on the 
severity of allergic reactions associated with food allergens and these are summarized 
in Table 11.

TABLE�11	 THE OUTCOME FROM THE SUBGROUP OF THE EXPERT COMMITTEE FOR SEVERITY 

GROUP C (I) 
Lower proportion 

of anaphylaxis, all 
regions

GROUP C (II) 
Higher proportion of 
anaphylaxis, 1 region

GROUP B 
Higher proportion  
of anaphylaxis,  

1�2 regions

GROUP A 
Higher proportion 
of anaphylaxis, 3+ 

regions

PEANUT
Tree nuts 

	>Shea nut
Tree nuts

	>Pine nutsa

	>Macadamiab

Tree nuts
	>WALNUT, Pecanc

	>CASHEW, PISTACHIO 
	>HAZELNUT 
	>ALMOND 
	>Brazil nutd

Coconut

Sesamee

Mustard (France)

WHEATf

BUCKWHEAT

CELERY

EGG

COW�S MILK 
(+ other mammalian milk)g

FISH

CRUSTACEA

Mollusca

Lupinh

SOYAi

Fruits
	>Other fruitsj

Fruits
	>Peachj 

 
CAPITALS: level one evidence; Normal font: level two evidence.

Notes:
a Evidence of being a trigger for anaphylaxis in two regions, but lower-level prevalence.
b Trigger for anaphylaxis in two regions, unknown prevalence.
c On basis of cross-reactivity with walnut (high level evidence).
d Brazil nut implicated in several fatalities.
e Included as priority allergen on basis of fatality data.
f Consensus that wheat should be a priority allergen as a common trigger for non-IgE-mediated food allergy.
g Included on basis of cross-reactivity to cow�s milk.
h No signi�cant signal currently, but this may be related to low levels of inclusion as an ingredient due to concerns over cross-reactivity to peanut.
i Placed in low-priority list, as few fatalities reported in last 20 years and low severity signal.
j Not included as a priority allergen as fruit is unlikely to be consumed as an unidenti�ed ingredient in processed foods.
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Watch list

The Subgroup highlighted the following allergens which may cause increasing cases 
of anaphylaxis as their use in food production changes/increases in Table 12.

TABLE�12	 THE WATCH LIST FROM THE SUBGROUP OF THE EXPERT COMMITTEE FOR SEVERITY

	> Legumes
	> Pea (protein concentrates)
	> Lentils
	> Chickpeas

	> Non wheat, gluten-containing grains
	> Buckwheat

	> Seeds
	> Sun�ower
	> Poppy seed
	> Cottonseed

	> (Green) Kiwifruit
	> Alpha-gal (red meat)

5.4. REFERENCES
Baseggio Conrado, A., Patel, N. & Turner, P.J. 2021. Global patterns in anaphylaxis 
due to speci�c foods: a systematic review. Journal of Allergy and Clinical Immunology: 
S0091674921006655. 
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Allergy Organization Journal, 13(10): 100472. 

Turner, P.J., Baumert, J.L., Beyer, K., Boyle, R.J., Chan, C.-H., Clark, A.T., Crevel, 
R.W.R. et al. 2016. Can we identify patients at risk of life-threatening allergic reactions to 
food? Allergy, 71(9): 1241�1255. 
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CHAPTER 6
SENSITIVITY ANALYSIS 
FOR THE CRITERIA 
WEIGHTS AND 
INVESTIGATED BINNING 
PREVALENCE

6.1  METHODS 

Hazard prioritization is a well-known part of the risk assessment and risk 
management process (FAO and WHO, 2013, 2014). The prioritization process 
was adapted to the three criteria previously detailed (prevalence, potency, severity) 
for IgE-mediated food allergies as a means to help guide the discussion and  
decision-making process for which foods should be listed as global priority allergens.  
The de�ned criteria, binning and prioritization process provides transparency and 
repeatability of the assessment when re-evaluation of new foods or new data is 
deemed necessary.

The Subgroup of the Expert Committee for Prevalence defined global criteria 
for evaluating the foods to be listed as global priority allergens, with the process 
comprising the following general steps (FAO and WHO, 2013):

	> Step 1. Identi�cation of the foods to be evaluated

	> Step 2. Identi�cation and de�nition of the criteria by which each selected food 
would be quanti�ed

	> Step 3. Assignment of criterion-based values to the foods (detailed in sections 
3, 4 and 5)

	> Step 4. Normalization of these values to make them comparable between criteria

	> Step 5. Weighting of the criteria to re�ect their relative importance 
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	> Step 6. Combining the weighted normalized values for each food to produce a 
score and repeating the process for the combinations of weighting and binning 
options 

	> Step 7. Plotting of the scores to help guide discussion of which foods should be 
listed as global priority allergens

6.1.1	 PREVALENCE IN THREE BINS 

Criteria were binned with a normalizing value as follows. Due to a potentially 
differing number of bins for the prevalence criteria when compared to potency and 
severity, the option of the prevalence criteria being normalized across three or four 
bins was investigated. 

When the prevalence criterion is normalized across three bins, the result  
of �insuf�cient data� and "very low" both receive score of 0, as shown in Table 13.

TABLE�13	 PREVALENCE IN THREE BINS

� CRITERIA BIN 0 BIN 1 BIN 2 BIN 3 BIN 4

NORMALIZED 
VALUE

Normalizing option 
(Potency/Severity)

0 0.33 0.66 1

Normalizing option 1  
(Prevalence)

0 0 0.33 0.66 1

� CRITERIA BIN 0 BIN 1 BIN 2 BIN 3 BIN 4

POTENCY Potency for matrix
Insuf�cient 
data (N/A)

� Low Medium High

PREVALENCE
�

Prevalence  
(single combined 

estimate)

Insuf�cient 
data (N/A)
�

Very low Low Mixed High 

< 0.5% in 
one region 
only OR  
< 0.1% in 
all regions

< 0.5% in 
all regions

> 1% in one 
region AND 
0.5�1.0% in 
at least one 
other region

> 1.0% in 
more than 
one region

SEVERITY
Severity  

(single combined 
estimate)

Insuf�cient 
data (N/A)

�

Lower 
proportion of 
anaphylaxis, 
all regions 
OR Higher 
proportion of 
anaphylaxis, 
1 region

Higher 
proportion of 
anaphylaxis, 
1�2 regions

Higher 
proportion of 
anaphylaxis, 
3+ regions

� � � C1/C2 B A

Note. The grey boxes indicate when a bin does not apply for the speci�c criteria.
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6.1.2	 PREVALENCE IN FOUR BINS 

When the prevalence criterion is normalized across four bins, there is a separation of 
�insuf�cient data� and "very low" results which indicates when data are available, 
but prevalence is very low (Table 14).

TABLE�14	 PREVALENCE IN FOUR BINS

� CRITERIA BIN 0 BIN 1 BIN 2 BIN 3 BIN 4

NORMALIZED 
VALUE

Normalizing option 
(Potency/Severity)

0 0.33 0.66 1

Normalizing option 2  
(Prevalence)

0 0.25 0.5 0.75 1

� CRITERIA BIN 0 BIN 1 BIN 2 BIN 3 BIN 4

POTENCY Potency for matrix
Insuf�cient 
data (N/A)

� Low Medium High

PREVALENCE
Prevalence  

(single combined 
estimate)

Insuf�cient 
data (N/A)

Very low Low Mixed High 

� � �

< 0.5% in 
one region 
only OR < 
0.1% in all 
regions

< 0.5% in 
all regions

> 1% in one 
region AND 
0.5�1.0% in 
at least one 
other region

> 1.0% in 
more than 
one region

SEVERITY
Severity  

(single combined 
estimate)

Insuf�cient 
data (N/A)

�

Lower 
proportion of 
anaphylaxis, 
all regions 
OR Higher 
proportion of 
anaphylaxis, 
1 region

Higher 
proportion of 
anaphylaxis, 
1�2 regions

Higher 
proportion of 
anaphylaxis, 
3+ regions

� � � C1/C2 B A

Note. The grey boxes indicate when a bin does not apply for the speci�c criteria.

6.1.3	 EIGHT DIFFERENT WEIGHTS USED FOR POTENCY, PREVALENCE AND 
SEVERITY CRITERIA AS A CHECK FOR SENSITIVITY TO DIFFERENT 
WEIGHTING VALUES

As different risk assessors or risk managers could choose to weight the three criteria 
in slightly different fashions, eight (8) different weighting options were investigated 
based on inputs from the Subgroup of the Expert Committee for Prevalence in this 
consultation (Table 15).
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TABLE�15	 EIGHT DIFFERENT WEIGHTS USED FOR POTENCY, PREVALENCE AND SEVERITY

� EQUAL 
WEIGHT

WEIGHT 
OPTION 2

WEIGHT 
OPTION 3

WEIGHT 
OPTION 4

WEIGHT 
OPTION 5

WEIGHT 
OPTION 6

WEIGHT 
OPTION 7

WEIGHT 
OPTION 8

POTENCY 	 0.33 	 0.4 	 0.3 	 0.3 	 0.2 	 0.1 	 0.15 	 0.15

PREVALENCE 	 0.33 	 0.3 	 0.4 	 0.3 	 0.4 	 0.45 	 0.5 	 0.6

SEVERITY 	 0.33 	 0.3 	 0.3 	 0.4 	 0.4 	 0.45 	 0.35 	 0.25

6.1.4	 CALCULATION 

For each food, the weighted normalized values were combined as follows to obtain 
a score:

	> Score (priority number) = (C1*W1) + (C2*W2) + (C3*W3)

	> Score (priority number) = (Potency_binning * Potency_weight) + (Prevalence_
binning * Prevalence_weight) + (Severity_binning * Severity_weight)

Example Milk (equal weight for all criteria) (Table 16):

	> Score (milk � equal weight) = (0.66 * 0.33) + (1 * 0.33) + (1 * 0.33) = 0.8778

TABLE�16	 EXAMPLE OF THE CALCULATION FOR MILK

ALLERGEN POTENCY PREVALENCE SEVERITY POTENCY PREVALENCE SEVERITY SCORE �  
EQUAL WEIGHT

Milk Medium High

Higher 
proportion of 
anaphylaxis, 3+ 
regions

0.66 1 1 0.8778
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6.2	 RESULTS

6.2.1	 SENSITIVITY

The results of combining the weighted normalized values for each food, for all 
combinations of eight weighting options and the two different binning options for 
the prevalence criteria are shown in Figure 5 and Figure 6 . 
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Source: Authors� own elaboration.

FIGURE 5.	 SENSITIVITY IN THREE BINS
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FIGURE 6.	 SENSITIVITY IN FOUR BINS
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6.2.2	 RESULTS

Based on the discussion and consensus from each of the Subgroups for the Expert 
Committee (prevalence, potency and severity) and the calculation to have the �nal 
score of the allergens, the assessed results are in the list below (Table 17). The Expert 
Committee decides that allergens with the score �A� would be in the priority list, 
and those with a score of "C" will not. The Expert Committee had a discussion 
on all the �B� listed allergens in the next chapter to decide how to categorize these 
allergens and reach a conclusion.

 
TABLE�17	 THE OUTCOME OF THE SENSITIVITY ANALYSIS

A/B/C ALLERGEN POTENCY PREVALENCE SEVERITY
A Milk Medium High Higher proportion of anaphylaxis, 3+ regions

A Egg Medium High Higher proportion of anaphylaxis, 3+ regions

A Peanut Medium High Higher proportion of anaphylaxis, 3+ regions

A Hazelnuts Medium Mixed Higher proportion of anaphylaxis, 3+ regions

A Cashew nuts Medium Mixed Higher proportion of anaphylaxis, 3+ regions

A Crustacean 
Low (shrimp); N/A 
for others in group

Mixed Higher proportion of anaphylaxis, 3+ regions

A Wheat � IgE Medium Low Higher proportion of anaphylaxis, 3+ regions

A Fish Medium Low Higher proportion of anaphylaxis, 3+ regions

A Walnuts Medium Low Higher proportion of anaphylaxis, 3+ regions

A Sesame Medium Low Higher proportion of anaphylaxis, 3+ regions

A - (with cashew) Pistachio
N/A  
(cross with cashew)

Mixed Higher proportion of anaphylaxis, 3+ regions

A - (with walnut) Pecan nuts
N/A  
(cross with walnut)

Very Low Higher proportion of anaphylaxis, 3+ regions

B - discuss Mustard High Very Low Higher proportion of anaphylaxis, 1 region

B - discuss Soybean Medium/Low Low Lower proportion of anaphylaxis, all regions

B - discuss Lupin Medium N/A Higher proportion of anaphylaxis, 1-2 regions

B - discuss Brazil nut N/A Very Low (regional) Higher proportion of anaphylaxis, 3+ regions

B - discuss Almond N/A Very Low Higher proportion of anaphylaxis, 3+ regions

B - discuss Other cereals N/A N/A N/A

C Kiwi N/A Low Lower proportion of anaphylaxis, all regions

C Pine nuts N/A Very Low Higher proportion of anaphylaxis, 12 regions

C
Molluscan 
shell�sh

N/A N/A Higher proportion of anaphylaxis, 1 region

C Coconut N/A Not done Lower proportion of anaphylaxis, all regions

C Chestnuts N/A Not done N/A

C - (regional) Celery (regional) Medium Very Low (regional) Higher proportion of anaphylaxis, 1 region

C - (regional) Macadamia N/A Very Low (regional) Higher proportion of anaphylaxis, 1�2 regions

C - (regional) Buckwheat N/A Very Low Higher proportion of anaphylaxis, 1 region
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