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Summary
Background There is an emerging consensus that, as with other risks in society, zero risk
for food-allergic people is not a realistic or attainable option. Food allergy challenge data
and new risk assessment methods offer the opportunity to develop quantitative limits for
unintended allergenic ingredients which can be used in risk-based approaches. However, a
prerequisite to their application is defining a tolerable level of risk. This requires a value
judgement and is ultimately a ‘societal’ decision that has to involve all relevant stake-
holders.
Objective The aim of the workshop was to bring together key representatives from the
stakeholders (regulators, food industry, clinical researchers and patients), and for the first
time ever discuss the definition of a tolerable level of risk with regard to allergic reactions
to food.
Results The discussions revealed a consensus that zero risk was not a realistic option and
that it is essential to address the current lack of agreed action levels for cross-contamina-
tion with allergens if food allergen management practice is to be improved. The discus-
sions also indicated that it was difficult to define and quantify a tolerable level of risk,
although both the clinical and the industry groups tried to do so. A consensus emerged
that doing nothing was not a viable option, and there was a strong desire to take action
to improve the current situation.
Conclusions and Clinical Relevance Two concrete actions were suggested: (1) Action levels
should be derived from the data currently available. Different scenarios should be examined
and further developed in an iterative process. On the basis of this work, a tolerable level of
risk should be proposed. (2) ‘One-dose’ clinical trial with a low challenge dose should be
performed in multiple centres to provide additional information about the general applica-
bility of dose-distribution models and help validate the threshold levels derived.
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Introduction

Food-allergic consumers constitute a small, but appar-
ently growing proportion of the general population.
Exposure to the offending food in individuals with IgE-

mediated food allergy (i.e. acute allergic reactions in
the context of a positive serum specific IgE or skin
prick test) may result in development of an acute aller-
gic reaction that may include any of the following:
itching and/or swelling of the oral cavity or pharynx,



skin rashes (urticaria, angioedema, eczema flare), gas-
trointestinal upset (diarrhoea, vomiting and abdominal
pain), asthmatic symptoms (wheezing, breathlessness,
coughing) or in extreme circumstances life-threatening
anaphylaxis (a rapidly evolving multi-system allergic
reaction that involves respiratory or circulatory com-
promise). The risk of life-threatening anaphylaxis brings
with it a unique set of ethical and moral dilemmas for
those discussing the public health implications of pre-
cautionary labelling.

There is significant variation in the thresholds of
reaction to a food allergen between individuals. For
instance, some allergic consumers are exquisitely sensi-
tive to minute doses of an allergen and are at greater
risk of anaphylaxis than others [1, 2]. Furthermore,
threshold levels can vary between different exposures
within one individual such that on one instance a con-
sumer may react to a very low dose and on another
occasion might tolerate a higher dose of allergen. Cur-
rently, there are neither good predictors of threshold
dose for any given individual nor can the type of reac-
tion be reliably predicted. At most, it can be said that
those who have experienced anaphylaxis previously are
at greater risk of a future episode of anaphylaxis [3]
although in a case series 80% of those presenting with
food-induced anaphylaxis had previously had a minor
acute reaction on previous exposure [4].

Most important to include in these considerations is
the fact that there are still rather limited data to
inform those developing public health guidelines as to
what proportion of allergic consumers may tolerate
very low levels of allergen in food products. To add to
the complexity of these considerations, there is some
evidence that manufacturing processes can increase or
decrease the allergenicity of certain foods. For instance,
for some individuals, the allergenicity of egg appears
to be lower in baked products such as cakes or bis-
cuits, with 60–70% of egg allergic individuals tolerant
of low levels of egg in baked goods [5], whereas frying
or roasting peanuts appears to increase their allergen-
icity among those consumers reactive to peanut storage
proteins [6].

Consumers at risk of acute allergic reactions have
different risk profiles from those with other food associ-
ated immune-related conditions such as coeliac disease.
The consequences of accidental ingestion in the former
are short-lived (although potentially extreme in the
form of death), whereas for the latter, long-term seque-
lae for those with low-level exposure to gluten provides
a different risk profile and therefore public health con-
sideration. Furthermore, new forms of therapy using
specific oral tolerance induction (SOTI) are under devel-
opment with the goal to protect the allergic consumer
against accidental reactions after consumption of con-
taminated foods [7]. As new research comes to light,

views on the risk of precautionary labelling may
undergo radical changes.

Food allergy challenge data and new risk assessment
methods offer the opportunity to develop quantitative
limits for the adventitious presence of allergens, which
can be used in risk-based approaches. However, a prere-
quisite to their application is defining a tolerable level
of risk. This requires a value judgement and is ulti-
mately a ‘societal’ decision that has to involve all rele-
vant stakeholders. This workshop, held in May 2009,
was convened to discuss whether it was possible to
define a tolerable risk for food allergy in relation to
precautionary labelling for food allergens. Current
European Union (EU) labelling legislation, as well as
most food labelling regulations followed internation-
ally, covers allergens as ingredients, but does not set a
regulatory action level regarding their presence as
cross-contaminants, as has been done for residual glu-
ten in ‘gluten free-free’ labelled foods. This has resulted
in proliferation of voluntary ‘may contain X’ type pre-
cautionary labelling. Both consumers and industry have
concerns about this, as over use of ‘may contain’ label-
ling may undermine its value as a risk management
measure. It also creates uncertainty; do different words
mean different levels of risk? How should and can busi-
nesses decide what level of risk warrants advisory label-
ling? An excessive use of warnings leads to restrictions
in choice for consumers if they take notice of every
warning, or increases risk for consumers if such warn-
ings are ignored. A food safety goal of minimizing the
number of reactions to foods among allergic consumers
therefore leads to a risk-based approach to allergen
control and advisory (‘may contain X’) allergen label-
ling.

The aim of the workshop was to bring together key
representatives from regulatory and industry fields,
clinical research groups and patients to discuss how a
tolerable level of risk with regard to allergic reactions
to food could be defined.

Several papers were sent to the participants and used
as background information for the workshop [8–16].
Reference 12 was at the time of the workshop (May
2009) in manuscript.

This paper presents some of the background material
presented at the workshop as well as the results and
conclusions from the discussions.

How do we define risk?

There is an emerging consensus that, as with other risks
in society, zero risk for food-allergic people is not a
realistic or attainable option. Food allergy challenge
data and new risk assessment methods offer the
opportunity to develop quantitative limits for the
adventitious presence of allergens which can be used in
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risk-based approaches. However, a prerequisite to their
application is defining a tolerable level of risk on which
to base the thresholds to be used for management of
allergen risks. Defining a tolerable risk requires a value
judgement and is ultimately a ‘societal’ decision that
has to involve all relevant stakeholders.

A risk-based approach focuses on the probability that
exposure to a food will result in an adverse effect. It
should be able to provide the scientific foundation to
determine agreed threshold levels for industry to use in
risk-management decisions, including the use of advi-
sory warning of possible cross-contamination. It should
also be capable of being used to decide what level of
cross-contamination is high enough to justify a product
recall/withdrawal and what level of the allergen is suf-
ficiently low to justify a ‘free-from’ claim.

How is tolerable risk defined in areas other than food
allergy?

Even though chemical and microbial risk assessments
have been made for many years, it is not easy to find
examples where a tolerable risk is actually quantified.

When dealing with the risk from chemicals there is a
traditional distinction between acceptable and tolerable
risk. ‘Acceptable risk’ is used not only when chemicals
present in food pose a risk but also deliver a benefit.
These are food additives, pesticides and veterinary
drugs that may occur either as ingredients or as resi-
dues in food. The term ‘tolerable risk’ is generally used
in the context of chemical compounds that are
unavoidably present, such as contaminants that have
no benefit under any conditions of exposure.

For chemicals where the toxicological effect has a
threshold, the acceptable or tolerable daily intake is
typically used. The aim is an acceptable/tolerable intake
defined as ‘an estimate of the intake of a substance
over a lifetime that is considered to be without appre-
ciable risk’ [17]. This procedure does not allow for
quantification of the risk. The aim is to reduce the mag-
nitude of the risk and the use of wording such as ‘con-
sidered’ or ‘appreciable’ are not defined.

The as low as reasonably achievable (ALARA) princi-
ple aims to set thresholds for the presence of the sub-
stance at levels that are meant to be as low as possible
to reduce the health risk to consumers. Both ‘reason-
ably’ and ‘achievable’ are also open to interpretation.

Cancer from exposure to genotoxic carcinogens is a
toxicological endpoint where a threshold cannot be
defined. A lifetime cancer risk of one in 1 000 000 (i.e.
one additional cancer case per million exposed persons
per 70-year lifetime) is often used as the tolerable risk.
The World Health Organisation (WHO) drinking-water
quality guidelines consider that a lifetime cancer risk of
<1 in 100 000 represents a tolerable risk [18], but it is

emphasized that defining a tolerable risk is a policy
decision. As a threshold for the carcinogenic effect of
genotoxic substances cannot be defined, the use of this
concept implies acceptance of a risk of cancer.

The microorganism Giardia has been used as a refer-
ence organism for microbial risk in drinking water and
requires that the risk is <1 infection per 10 000 people
per year [10]. If it is assumed that there is 50–67% fre-
quency of clinical illness following infection with Giar-
dia, this translates into an annual risk of illness of one
in 20 000 if the lower boundary (50%) is used. An esti-
mated case-fatality rate for Giardia is 0.1%. This results
in an annual risk of death of one in 20 000 000. If this
figure is converted into a 70-year lifetime risk, the
result is a risk of one in 300 000. This is in the same
order of magnitude as the tolerable risk from carcino-
gens in drinking water suggested by the WHO.

Risk assessment in food allergy

A previous workshop [11] scrutinized three possible
approaches to safety assessment and risk assessment for
allergenic foods based on low dose challenge data from
clinical trials: safety assessment using no observable
adverse effect levels/lowest observable adverse effect lev-
els and uncertainty factors, safety assessment using
Benchmark Dose and Margin of Exposure (MoE) and risk
assessment using probabilistic models. Participants con-
cluded that all three approaches to safety and risk assess-
ment of allergenic foods could be applied, depending on
the availability and quality of data. A particular strength
of the MoE and probabilistic approaches is that they do
not rely on low dose extrapolation with its inherent mod-
elling issues. Probabilistic modelling is considered to be
the most promising approach for use in population risk
assessment (which is a particular focus for risk manag-
ers). For all approaches, further improvement of input
data is desirable, particularly data on consumption pat-
terns/food choices in food-allergic consumers, data on
minimum eliciting doses and data that can be used to
evaluate whether the whole population at risk has been
modelled accurately. This workshop also observed that,
together with new approaches, data which could be used
to apply them were also becoming available. However,
some of the specific characteristics of food allergens as
contaminants meant that application of these new
approaches depended critically on definition and accep-
tance of a tolerable level of risk.

Action levels

In this article, the term ‘action level’ is used for a level
of allergenic food that may result in an ‘action’. This
could be used for labelling a food product as ‘free-
from’, to apply precautionary labelling or to withdrawal
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from sale. The term is used in the same manner as in
the Australian Voluntary Incidental Trace Allergen
Labelling (VITAL) system, which is currently the most
elaborated system of action levels. Briefly, the VITAL
grid consists of three action levels and two transition
points. Below the lower transition point (action level 1),
the risk is deemed so low as not to require precaution-
ary labelling, whereas above the upper transition point,
the concentration of unintended allergen is considered
to warrant labelling it as an ingredient. Between the
two points, (action level 2) the product should carry a
precautionary label. The lower transition point was
derived from data cited in the US FDA’s Threshold
Working Group publication [19] by applying a 10-fold
uncertainty factor. The upper transition point was set at
10 times the lower transition point. Action level 1 ran-
ged from <2 p.p.m. for peanut, egg, tree nuts, sesame
and crustacea to <20 p.p.m. for fish and gluten, all
based on the dose in a 5 g teaspoonful [20].

Method

The stakeholders invited to this workshop were people
dealing with assessing and managing food allergy and
food allergen risks on an individual basis, i.e. food-

allergic patients and clinicians, and on a population
basis, i.e. public health and industrial risk managers.

Although there are as yet no agreed action levels for
allergenic food and significant uncertainty for patients
and clinicians because of ‘may contain’ type labelling,
questions relating to food allergy risk are handled every
day. This everyday management relies on a more or less
well-formulated notion of what is a ‘tolerable risk’. To
develop a concept framework of what the participants
consider to be a tolerable risk, as well as to enable discus-
sion of new ways of managing food allergy and to shed
light on how risk is currently managed, a predefined set
of questions, some common to all the groups and some
specifically designed for each group, were developed.

The questions were discussed in four groups (number
of participants in brackets); patients (11), clinicians
(10), regulators (13) and industry (18). The results of the
group discussions were presented in a plenary session
that also discussed common perspectives and conclu-
sions.

Results of discussions

The outcome of the most important discussions in the
stakeholder groups are presented in Tables 1 and 2. The

Table 1. Main points emerging from stakeholder breakout groups – common questions on tolerable risk

Food allergy and tolerable risk

How does the nature of the risk or possible adverse effects affect what you would consider a tolerable risk?

Patients Clinicians Industry Public health authority

How risk is tolerated depends on the nature of the risk. The more severe the effect, the lower the tolerance

Risk of death (anaphylaxis) is

not a tolerable risk

Ill defined predictability reduces

tolerance

The perception of risk is important

Tolerable compared with ‘every day

risk’, i.e. 1 in 10 000 chance of a

patient having anaphylaxis in

1 year of eating foods deemed

‘safe’

What is acceptable to one

patient may not be acceptable to

another – therefore quantifying

risk for a patient is very helpful

How essential is the exposure –

snack foods vs. staple food

Ability to avoid exposure

Severity of previous reaction

Other risk factors, e.g. asthma

Remote living

We also need risk information

for impact on non-allergic

consumers for any public health

measure that will impact the whole

community (e.g. increased cost of

food that has a lower risk also

influences non-allergic population

as cost of manufacturing is passed

on to all consumers)

Different levels of tolerable risk

would apply to different levels of

harm 1 : 10 000 for lip tingling

1 : 10 000 000 for fatality

It is more important to protect from

severe reactions

Risk acceptance differs by individual

consumers, e.g. some ignore

precautionary labelling

Tolerable risk depends on

information about the

risk (act based on

information)

The list of allergens

identified by regulators

for mandatory

declaration reflects a

prioritization of risk at

the population level

rather than at the

individual level. In effect,

this is an expression of a

tolerable level of risk
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following is a summary of the most important points
under the main headings.

Tolerable risk

In the discussion on what is a ‘tolerable risk’, there was
acceptance among all groups that zero risk was not a
practicable proposition in food safety in general or in
food allergy management in particular. Different stake-
holders differed in their description of ‘tolerable risk’.
Industry and regulators visualized a very quantitative
conception, reflective of their public health approach.
Thus, industrial stakeholders referred to an expectation
that food should be safe for the vast majority of con-
sumers, with concepts such as the US Food and Drug
Administration’s (US FDA) ‘reasonable certainty of no
harm’ representing an upper boundary. They also con-
sidered factors modulating tolerability, such as severity,
duration and reversibility of any potential adverse
effects. In addition to these concepts, regulators also
emphasized the role of cost benefit assessments (pro-

portionality between harm to be prevented and
resources required for prevention) in determining toler-
ability. In relation to food allergy, all four groups
agreed that risk tolerance depends on the nature of the
effect. The more severe and wide spread the effect, the
lower the tolerance. It was also recognized that at an
individual level, perception of risk is important, and
that if uncertainty is high, then the tolerability of the
risk decreases.

Not dealing with undeclared allergenic food

When discussing the impact of not dealing with the
adventitious presence of allergens in food, all groups
stated that not dealing with this issue would have nega-
tive implications for their group. The patient group
emphasized diminished trust in food labels, negative
impact on quality of life and risk of reactions. The clini-
cians found that ongoing uncertainties about informa-
tion to give to their patients would lead to the
inappropriate level of management by physicians with

Table 2. Main points emerging from the different stakeholder breakout groups – impact on your group

What do you think would be the impact on your group of not dealing with ‘undeclared allergenic food’ properly?

Patients Clinicians Industry Public health authority

Diminished trust in food

labels

Negative impact

on quality of life

Risk of reactions

Restricted food choice

Ongoing uncertainties about

information to give to patients

Possible over-management, e.g.

defensive medicine due to lack of

reliable information

Possible under-management, e.g.

physicians recommending patients

can ignore precautionary labels

because they are so wide spread

Lack of trust in allergy experts

due to variation in

recommendations from different

physicians

Cost to public and society – fear,

lack of education, increased cost

of food

More reliable thresholds may drive

more food challenges to reassure

patients that they can tolerate

that particular threshold. This

would impact on patient waiting

lists for challenges

Consumer confusion, i.e. loss of

confidence and brand damage, mistrust

Precautionary labelling proliferates

Inconsistent use of risk

communication across industry –

devaluing precautionary warning

statements

Risk assessment by individuals rather

than public health authorities

Quality of life for consumers decreases

Ignoring ‘may contain’ leading to

increased risk taking and fatalities

Lack of dietary choice for allergic

consumers – only niche foods.

The majority of processed foods

have precautionary labelling

Lack of dietary choice for all

consumers, e.g. no nuts in

schools, reluctance to use

allergenic foods in processed

foods (fish, tree nuts, nuts)

Lack of capability to make economic food

Litigation

Legal fees

Compensation

False or uninformed claims

Enforcement

Increased costs

Inconsistency between enforcement

jurisdictions

Subjectivity from risk managers

when dealing with the risk from

allergenic food

A high level of uncertainty of

the potential risk of cross-

contamination

Lack of predictability of the

level of contamination in

foods with ‘may contain’

labelling

The current situation

contributes to ‘risk

taking behaviour’ such as

ignoring labelling information

Undermine use of food

labelling

There is a need for a

harmonized approach: amongst

all stakeholders and between

regulators on an international

level
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regard to allergen avoidance recommendations. The reg-
ulators acknowledged that the current situation leads to
ad hoc management and practices including a degree of
subjectivity from risk managers when dealing with the
risk from undeclared allergens found in food. If the cur-
rent situation continues, then we are accepting a high
level of uncertainty about the potential risk of cross-con-
tamination. Industry found that consumer confusion
would lead to mistrust and lowered confidence. The pro-
liferation of precautionary labelling and the inconsistent
use of risk communication devalue their importance and
impact. Industry also worried about the economic and
cost implications. Without defined standards, enforce-
ment would be inconsistent and subject to local interpre-
tation. This could lead to increased costs without any
concomitant gain in terms of food safety.

The use of action levels

The patients found that having different action levels
with different labelling for allergenic foods would not
be a benefit to patients. On the other hand, they agreed
that high level of unavoidable contamination should
lead to having the contaminating allergenic food
labelled as an ingredient. A prerequisite for having dif-
ferent action levels is that food-allergic patients may be
stratified into more and less reactive groups. The clini-
cians found that this is currently an inexact science
although some clinicians attempt to do it, for instance
in deciding on prescription of epinephrine auto-injec-
tors. In contrast, it is possible to categorize those at
highest risk of anaphylaxis [3, 21].

If stratification of patients is not possible, ‘free-from’
foods may be a way forward to protect the most reac-
tive food-allergic individuals, while maintaining some
choice. The patient group emphasized that if ‘free-from’
foods are to be of value, then rules regulating precisely
what is meant by ‘free-from’ are needed and such rules
need to be enforced. The clinicians found that ‘free-
from’ foods could shortcut the requirement for allergist/
dietician education and therefore circumvent the varia-
tion in educational practices of various health profes-
sions and dieticians. The availability of a sufficient
range of defined ‘free-from’ foods would simplify
advice for the most sensitive patients.

When asked about how industry handles the unin-
tended presence of residues of allergenic foods when
there are no agreed action levels, industry answered
that management levels are used both for cleaning and
for risk assessment during incidents. Qualitative stan-
dards are used across the board, e.g. visibly clean, but
not always quantitative levels. A small number of large
food companies do use in house action levels, but the
great majority of companies do not. When a company
decides to use ‘may contain’ labelling, many of the rea-

sons for doing so are because of lack of information to
do scientific risk assessment.

Industry and food regulators need action levels to
manage the risk from food allergens. When asked what
the consequences are to society if action levels are not
agreed, the regulators answered that this would lead to
continued confusion over allergen warnings, leading to
potential risk behaviour by allergic consumers. In addi-
tion, this would lead to inconsistent approaches to
allergen management between different businesses and
different regulators, potentially compromising safety.

The suggestion for an action level of 1–10 mg aller-
genic food per kg [22] was not well received by any of
the groups. The regulators found that this question
could not be answered during the course of this work-
shop, and decisions on where to strike the balance
between choice and safety would need to be made. Any
suggested action level would require agreement from
all stakeholders, as part of the risk management pro-
cess. The industry group was sceptical about the science
behind the action levels suggested in that paper and
noted that there is a need to use the data now becom-
ing available to set scientifically robust limits. There
was some acceptance in the group that a best guess
approach may be applicable in the shorter-term to meet
the urgent need for agreed levels. The discussion in the
clinical group also reflected that it is not possible to
give a definitive answer to this question, as there are
several aspects to consider. The clinicians would want
to see more data to assess what proportion of patients
react to 1 mg/kg for each allergen and importantly
whether any develop anaphylaxis. If there was a sug-
gested action level, the risk could be calculated. Whilst
1 mg/kg is better than 10 mg/kg, this may be different
for different foods. The allergic community would be
likely to tolerate some adverse reactions provided they
are not severe, and so a higher threshold could be cho-
sen to ensure that precautionary allergen labels are
really only used at levels which pose a clinical risk to
patients. In line with this, the regulators suggested that
some of the levels reported from the risk assessments
are very low and perhaps too low for practical manage-
ment and analytical detection, with the result that they
would amount in practice to a zero tolerance policy.

Conclusions and actions

The discussions revealed a consensus that zero risk was
not a practicable or realistic option and that it is essen-
tial to address the current lack of agreed action levels for
cross-contamination of allergens if food allergy and
food allergen management are to be improved. The dis-
cussions also indicated that it was difficult to define and
quantify a tolerable level of risk, although both the clini-
cal and the industry groups tried to quantify that risk,
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and proposed that a higher number of reactions could be
tolerated for mild symptoms than for severe symptoms.

A consensus emerged from the final plenary session
that not doing anything was not a viable option and
there was a strong desire to take action to improve the
current situation.

Two concrete actions were suggested.

Action 1

1 Review available food challenge data and derive pro-
visional action levels. Develop different scenarios and
implications for each level and ask stakeholders to
comment.
2 Propose a value for the tolerable level of risk (e.g. as
a level of protection).

The above will form part of an iterative process. All
stakeholders, including non-allergic consumers, should
be invited to participate in this process.

Action 2

Conduct a ‘one-dose’ clinical trial in multiple centres
across the world using a standardized food challenge
protocol with a low dose. The ED5, the dose estimated

by statistical modelling to elicit a reaction in 5% of
allergic patients (ED5), based on challenge studies, is
proposed for this trial as a good compromise between
the need to assure patient safety and the number of
patients who would need to be challenged to obtain a
statistically significant result. It is not suggested that
the ED5 value as such would provide the desired level
of protection. However, the trial will help to validate
the dose-distribution models in the wider food-allergic
population and additionally provide information about
the severity profile of reactions that might be expected
at that level. This information will contribute to defin-
ing the tolerable level of risk in relation to allergic
reactions to foods.
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