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ABSTRACT

The emergent health issue of food allergens presents an important challenge to the food industry. More than 170 foods
have been reported in the scientific literature as causing allergic reactions. Clearly, it would be impossible to deal with the
presence of trace amounts of all these in the context of food labeling. If the decision to classify major allergens is based solely
on the knowledge and experience of allergists and food scientists in the field, without scientifically defined criteria, it is likely
to lead to a proliferation of lists. Such practices may lead to an unnecessary elimination of foods containing important nutrients.
This paper defines food allergy, food intolerance, and food anaphylaxis and identifies criteria for classifying food allergens
associated with frequent allergic reactions. A practical list of food allergens that may result in potentially life-threatening
allergic reactions is provided. A mechanism-based (i.e., immunoglobulin E mediated), acute life-threatening anaphylaxis that
is standardized and measurable and reflects the severity of health risk is proposed as the principal inclusion criterion for food
allergen labeling. Where available, prevalence in the population and threshold levels of allergens should be used as an additional
guide to identify possible future labeling needs.

A variety of adverse reactions can occur following ex-
posure to foods, and these can be confused with a true food
allergy, since both may exhibit similar signs and symptoms.
The general public perceives adverse reactions to food and
food additives as a major health problem. Approximately
30% of American households were found to alter their eat-
ing habits because one of the family members was believed
to have food allergies (59), and about 20% of households
surveyed in the United Kingdom reported a food intoler-
ance (68). In fact, less than 2% of the adult population has
a true food allergy, which can be confirmed by the ‘‘gold
standard’’ double-blind, placebo-controlled food challenge
(4, 8, 48, 51). About 5% of infants and young children are
diagnosed as having food allergies, most of which are ev-
ident in the first 3 years of life (7, 10, 20, 36, 72). Some
allergies to foods such as milk and egg are often outgrown,
whereas allergies to peanuts and tree nuts are thought to be
lifelong (6, 11, 31, 49). Recently, an exciting finding of
apparent resolution of clinical peanut allergy in preschool
children was reported (29); it is important that such a find-
ing can be confirmed by others.

The term allergy has been overused and abused (2, 4,
19, 53). Food allergy denotes an abnormal immunologic
reaction that results from exposure to a food or food ad-
ditive. For most, the term food allergy is synonymous with
reactions that involve an immunoglobulin E (IgE) mecha-
nism (15, 21, 37, 41, 42, 52), although other immunologic
mechanisms can be involved, such as complex formation
(14, 45, 55) and cell-mediated immune reactions (60, 65).
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This is in contrast to other adverse reactions that are non-
immunologic (13, 16, 18, 22, 35, 58, 62, 63). These may
include the following: (i) food intolerance, which is an ab-
normal physiological response to an ingestion of food or a
food additive (e.g., sulfite in fruits); (ii) food poisoning,
basically a toxic reaction (e.g., histamine in scombroid fish
poisoning); (iii) pharmacological reactions due to chemicals
that produce a druglike effect (e.g., tyramine in aged
cheese); or (iv) metabolic disorders such as an enzyme de-
ficiency (e.g., lactase deficiency).

Although the pathogenesis of food allergy is multifac-
torial, IgE-mediated anaphylactic reactions will be the focus
of this paper. In the scope of food allergy, only IgE-medi-
ated reactions and cell-mediated celiac disease are under-
stood well enough to allow accurate documentation with
respect to prevalence, severity, and threshold levels, and
only food-dependent, IgE-mediated anaphylaxis poses a se-
rious health risk to sensitive consumers. Food anaphylaxis
is a severe and potentially life-threatening form of systemic
allergic reaction. It is characterized by rapidly developing
postprandial, IgE-mediated allergen-specific generalized re-
actions, including itching, hives, sweating, swelling of the
throat, breathing difficulty, lowered blood pressure, uncon-
sciousness, and, in rare occasions, death (3, 12, 24, 47, 50,
51, 54, 57, 66, 67, 69, 70).

Although any food protein can be potentially allergen-
ic, relatively few are known to cause most allergic reactions
as defined above. It is also essential to realize that the effect
of ‘‘food allergens’’ only exists in those people who react
to them. A food allergen is a protein found in food that is
capable of stimulating the immune system to produce IgE
antibodies, and on subsequent contact, it is capable of in-
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ducing mast cell degranulation to produce clinical signs and
symptoms (1, 34, 41, 61). Foods frequently recognized to
trigger severe systemic allergic reactions in sensitive con-
sumers include the following: (i) peanut and peanut prod-
ucts; (ii) soy and soy products; (iii) egg and egg products;
(iv) milk and milk products; (v) tree nuts (brazil nut, cash-
ew, walnut, almond, pecan, hazelnut) and nut products; (vi)
fish and fish products; (vii) crustacea (shrimp, crab, cray-
fish, and lobster) and products of these; (viii) cereals con-
taining gluten (wheat) and products of these; and (ix) ses-
ame seed and sesame seed products.

Gluten is not to be confused with celiac disease (glu-
ten-sensitive enteropathy or celiac sprue), which is believed
to be a cell-mediated gluten intolerance. Cereal gluten in a
meal impairs the absorption of starch and fat, depending on
the dose, to sensitive individuals. Clinical manifestations
predominately reflect the consequences of malabsorption
(18).

The first eight items in the list are often listed as the
top eight foods associated with allergic reactions (9, 17,
71). Gluten is included in this allergen list, because it ap-
pears in allergen lists worldwide. (Sulfite is included in the
Codex list but not included in the International Life Sci-
ences Institute (ILSI) list and the present allergen lists,
since it does not meet our inclusion criteria as an allergen.)
However, an IgE-mediated allergic reaction to ingested glu-
ten is generally mild and cutaneous. Sesame has been in-
cluded in the list, since there has been an increasing fre-
quency of reports of allergic reactions to sesame seeds not-
ed in recent literature. With the emerging popularity of veg-
etarian food and exotic sesame preparations, an escalating
prevalence of sesame-induced reactions is expected (5, 25,
30, 32, 39, 40, 46, 64).

In the future, the statement ‘‘and products of,’’ which
is included in the allergen list, should be clarified or de-
fined. For example, peanut oil and soy oil are products of
peanuts and soy, yet it is unlikely that the hot-pressed, high-
ly refined oils contain any allergenic proteins. Clinical stud-
ies of people with peanut allergy found that most did not
react to crude peanut oil and none reacted to refined peanut
oil (26). Similarly, lactose is a milk product not known to
be allergenic. As stated above, lactose intolerance is a non-
immunologic metabolic disorder due to lactase deficiency.
Because these oils and lactose may be used as carriers or
diluents for food additives, required labeling for these in-
gredients may be misleading and may cause sensitive peo-
ple to avoid the food unnecessarily.

This paper is an attempt to define scientifically, on the
basis of current knowledge, a list of food allergen priorities
for labeling based on the criteria proposed below. The list
of foods and food ingredients in the 1995 Food and Agri-
cultural Organization Technical Consultation on Food Al-
lergies (17) provided a starting point for this discussion.
Their list includes those foods known to cause food hyper-
sensitivity and, therefore, includes sulfite. Our criteria pro-
posal for food allergen is a variation from the one recom-
mended by Bousquet et al. (9). They used positive double-
blind, placebo-controlled food challenge and anaphylactic
reaction as the main criteria for inclusion, whereas we pro-

pose to use severity of health risk based on IgE-mediated
anaphylaxis as our principal criterion for allergen labeling.
It is hoped that this proposal will stimulate debates and
identify areas for further research, which will lead to an
improved criteria for redefining the allergen list to better
protect food allergic consumers. Without defined criteria, it
is possible that certain important candidate foods, for ex-
ample, sesame seeds, may not be included in the list.

CRITERIA FOR IDENTIFYING FOOD
ALLERGENS ASSOCIATED WITH FREQUENT

ALLERGIC REACTIONS

One of the major difficulties in interpreting the medical
literature has been the lack of uniform definition of terms
to define the clinical problems that are observable. These
terms have now been standardized (3, 4, 24, 54, 67, 69, 70)
and form the basis for the following criteria. The principal
criteria to be used for identifying food allergens that are
associated with frequent allergic reactions are severity of
the reaction, prevalence in the population, and threshold
levels of the allergen. These three criteria are further de-
fined below.

SEVERITY OF REACTION

The severity of adverse reactions was considered by
Codex Alimentarius of the Food and Agricultural Organi-
zation (17) as the principal criterion for identifying aller-
genic foods. Unfortunately, the term severity is not defined.
The Australia New Zealand Food Authority defined severe
reactions as being those that lead to a significant morbidity
or mortality outcome; however, neither the term significant
nor morbidity was defined. We propose to use an acute life-
threatening anaphylaxis as a guideline to meter the severity
of reactions that lead to ‘‘significant morbidity.’’ Life-
threatening food anaphylaxis is mechanism based, that is,
an IgE-mediated, allergic reaction that is standardized (i.e.,
a systemic allergic reaction with manifestations of a cuta-
neous symptom and an additional symptom from the re-
spiratory, cardiovascular, or gastrointestinal system) and
measurable and reflects the severity of health risk (3, 12,
24, 47, 50, 54, 66–69).

PREVALENCE IN THE POPULATION

The prevalence of allergic conditions and the threshold
levels at which allergens trigger allergic reactions are im-
portant criteria to be considered. Unfortunately, it is gen-
erally agreed that prevalence data are limited (27, 38, 39,
43, 48, 51, 57), perhaps except for milk allergy in infants
(43, 51, 57), and problematic because the inclusion criteria
used in the studies are often undefined. Regardless, preva-
lence data, if available, should be used as an additional
guide to identify labeling needs, e.g., when incidences of
sesame seed–induced anaphylactic reactions are document-
ed and appear to be on the rise, its inclusion into the food
allergen list is warranted.

THRESHOLD LEVELS OF ALLERGENS

Threshold levels are problematic as well, since the
amount of an allergen in foods that is required to cause an
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allergic reaction varies from individual to individual (i.e.,
individual variation to threshold levels). Further, the levels
of an allergen that may sensitize atopic individuals are un-
known. However, it is likely that threshold levels for food
allergens capable of inducing allergic reactions do exist. In
fact, some information regarding threshold levels is avail-
able for a limited number of foods but is still lacking for
many others. For example, in an open oral challenge, 10
mg of lyophilized ovalbumin was required to elicit symp-
toms in children (33). As little as 6 mg of fish induced a
positive double-blind, placebo-controlled food challenge
(23). In another double-blind, placebo-controlled food chal-
lenge study, the amount of peanut allergen required to in-
duce allergic symptoms was found to be as low as 0.1 to
1 mg (28). In an oral provocation study, 25% of the peanut
allergic cases reacted to a total reactive dose of less than
100 mg of peanut seeds, and the threshold of peanut reac-
tivity was lower than the threshold of egg reactivity (44).
It is recognized that data are scarce and seldom reported;
such data are also accumulating from samples obtained
from allergy-related complaints. It is anticipated that when
analytical tools become available, more data can be col-
lected. Despite these problems, the prevalence and thresh-
old criteria are important, since they will allow food aller-
gens to be included as new problems are identified.

CONCLUSION

More than 170 foods have been reported in the scien-
tific literature as causing ‘‘allergic’’ reactions. Clearly, it
would be impossible to deal with the presence of trace
amounts of all these in the context of food labeling. There-
fore, the food industry should focus its attention on those
food allergens that produce true allergic reactions (IgE me-
diated) that manifest a significant degree of severity in
symptoms, i.e., at least involving a cutaneous symptom and
an additional symptom from the respiratory, cardiovascular,
or gastrointestinal system. The criteria for identifying these
allergens should include the severity of the reaction, prev-
alence in the population, and threshold levels of the allergen
if known.

The issue of labeling deficiencies in the case of aller-
gens continues to be debated. Recently, Codex Alimentarius
has adopted an amendment to the General Standard for La-
beling of Pre-Packaged Food to require ingredient decla-
ration of all compound ingredients present in the food at
5% or more. (These ingredients are defined as those with
a common name but composed of multiple ingredients, e.g.,
fat replacer blend such as whey and soy lecithin.) This
amendment, when proposed, initiated the discussion of the
allergen labeling subject in Codex Alimentarius, although
it was generally recognized by delegations to Codex that
the percentage of compound ingredients is irrelevant to the
issue of allergen declaration, since thresholds of food al-
lergens that trigger an allergic reaction are mostly not iden-
tified. Codex Alimentarius also has decided to require the
ingredient declaration of specific known allergens and their
products, irrespective of the quantity present in the food.
Current U.S. Food and Drug Administration policy rec-
ommends that allergenic ingredients be declared, since they

would not be considered ‘‘incidental additives’’ even at
trivial levels (56).

To the extent possible, the food industry strives to en-
sure that individuals with severe food allergies are not ex-
posed to hidden allergens. The industry is taking a lead-
ership role in finding solutions to this problem. However,
it would be beneficial to establish a permanent International
Expert Panel on Food Allergens to deliberate issues asso-
ciated with food allergens, including but not limited to the
following: (i) establishing specific criteria for identifying
and defining allergens in the food supply; (ii) developing
mechanisms and materials for educating the public and the
international food industry on food allergen issues; and (iii)
providing recommendations on labeling the presence of in-
advertent allergens in the event of cross contact. The expert
panel would be expected to provide a sound scientific basis
for harmonizing an international allergen definition, criteria,
and labeling—a definite benefit to food safety programs
throughout the international community. The panel should
consist of established allergy experts from the food indus-
try, medical profession, government, academia, and allergy
associations.
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