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This activity is available for CME credit. See page 5A for important information.
Food allergy, defined as an adverse immune response to food

proteins, affects as many as 6% of young children and 3% to

4% of adults. Food-induced allergic reactions are responsible

for a variety of symptoms involving the skin, gastrointestinal

tract, and respiratory tract and might be caused by IgE-

mediated and non–IgE-mediated (cellular) mechanisms. Our

understanding of how food allergy represents an abrogation

of normal oral tolerance is evolving. Although any food can

provoke a reaction, relatively few foods are responsible for the
vast majority of significant food-induced allergic reactions:

milk, egg, peanuts, tree nuts, fish, and shellfish. A systematic

approach to diagnosis includes a careful history, followed by

laboratory studies, elimination diets, and often food challenges

to confirm a diagnosis. Many food allergens have been

characterized at a molecular level, which has increased our

understanding of the immunopathogenesis of food allergy

and might soon lead to novel diagnostic and therapeutic

approaches. Currently, management of food allergies consists



J ALLERGY CLIN IMMUNOL

VOLUME 117, NUMBER 2

Sicherer and Sampson S471
of educating the patient to avoid ingesting the responsible

allergen and to initiate therapy in case of an unintended

ingestion. (J Allergy Clin Immunol 2006;117:S470-5.)

Key words: Food allergy, food hypersensitivity, oral tolerance,

gastrointestinal food hypersensitivity, food allergens, anaphylaxis

Approximately 20% of the population alters their diet
for a perceived adverse reaction to food, the cause of
which might include a verifiable adverse immune re-
sponse to a food protein (eg, food allergy), a host-specific
metabolic disorder (eg, lactose intolerance), a response to
a pharmacologically active (eg, caffeine) or toxic (eg, food
poisoning) food component, or nonreproducible adverse
reactions, such as food aversions (Table I).1-4 Food-
induced allergic disorders result from immunologic path-
ways that include activation of effector cells through
food-specific IgE antibodies, cell-mediated reactions re-
sulting in subacute or chronic inflammation, or combined
pathways. Approximately 6% of young children and 3.7%
of adults in the United States have a food allergy.1,5

In young children the most common causal foods are
cow’s milk (2.5%), egg (1.3%), peanut (0.8%), wheat (ap-
proximately 0.4%), soy (approximately 0.4%), tree nuts
(0.2%), fish (0.1%), and shellfish (0.1%). Early childhood
allergies to milk, egg, soy, and wheat usually resolve
by school age (approximately 80%).6 Although peanut,
tree nut, and seafood allergies are generally considered
permanent, 20% of young children with peanut allergy ex-
perience resolution by age 5 years (recurrence is also pos-
sible).7,8 Adults are therefore more likely to have allergies
to shellfish (2%), peanut (0.6%), tree nuts (0.5%), and fish
(0.4%). Reactions to fruits and vegetables are common
(approximately 5%) but usually not severe. Allergy to
seeds (eg, sesame) is being increasingly reported.9 Genetic
risk factors include a family history of atopic disorders,
but environmental factors modulate the expression of
food allergy, as evidenced by a recent doubling of the
rate of peanut allergy in children.10

PATHOGENESIS

Food allergy might result from a breach in oral toler-
ance to foods while they are being ingested (class 1 food
allergy) or might result from sensitization to allergens
apart from their exposure to the gastrointestinal tract,
recognized instead during respiratory exposure (class 2
food allergy).11,12 Class 1 food allergy typically occurs to
food proteins that are generally stable to digestion that are
encountered by infants or children during a presumed
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window of immunologic immaturity. In contrast, class 2
food allergy is typically the result of sensitization to labile
proteins encountered through the respiratory route, such as
pollens resulting in IgE antibodies that recognize homolo-
gous epitopes on food proteins of plant origin (eg, pollen-
food related syndrome). Murine studies13 and evidence
from human epidemiologic studies14 indicate that class
1 allergens, such as egg and peanut, might evade oral
tolerance by initial sensitizing exposure through the skin.

Gut barrier

The gastrointestinal mucosal barrier is a complex
physical (mucus, epithelial cell tight junctions, acid, and
enzymes) and immunologic structure.12 Abrogation of the
barrier might promote food allergy; studies neutralizing
stomach pH showed increased ability to promote allergic
sensitization.15 Similarly, developmental immaturity of
components of the gut barrier (enzymatic activity and
sIgA) might account for the increased prevalence of
food allergy in infancy. However, a small amount of in-
gested food antigens is normally absorbed and transported
throughout the body in an immunologically intact form,
and oral tolerance prevails.1,12

Oral tolerance induction

Antigen-presenting cells, especially intestinal epithelial
cells and dendritic cells, and regulatory T cells play a
central role in oral tolerance.12,16 Five regulatory T cells
have been identified in conjunction with intestinal
immunity: TH3 cells, a population of CD41 cells that
secrete TGF-b; TR1 cells, CD41 cells that secrete IL-10;
CD41CD251 regulatory T cells; CD81 suppressor T cells;
and gd T cells. Intestinal epithelial cells process luminal
antigen and present it to T cells on an MHC class II com-
plex but lack a second signal, thus suggesting their poten-
tial to play a role in tolerance induction.12 Dendritic cells
residing within the lamina propria and noninflammatory
environment of Peyer’s patches express IL-10 and IL-4,
which favor the generation of tolerance.12,17 Properties
of antigens, dose, and frequency of exposure influence
tolerance induction. High-dose tolerance involves deletion
of effector T cells, whereas low-dose tolerance is medi-
ated by activation of regulatory T cells with suppressor
functions.12

Commensal gut flora might also influence the mucosal
immune response. Gut flora is largely established in the
first 24 hours after birth and is dependent on maternal flora
and local environment. Studies feeding lactating mothers
and their offspring Lactobacillus GG suggest that probi-
otics might be of benefit in preventing atopic dermatitis,18

possibly by enhancing a TH1 cytokine response (IFN-g),19

but whether they will be useful for preventing food allergy
remains to be demonstrated.

Abbreviation used

SPT: Skin prick test
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Food allergens

The major food allergens identified as class 1 allergens
are water-soluble glycoproteins 10 to 70 kd in size that are
stable to heat, acid, and proteases; examples include
proteins in milk (caseins), peanut (vicillins), and egg
(ovomucoid) and nonspecific lipid transfer proteins found
in apple (Mal d 3) or corn (Zea m 14).20,21 Birch pollen
Bet v 1 is an example of an allergen that can induce sensi-
tization through the respiratory route and result in oral
symptoms of pruritis to homologous class 2 allergens in
raw apple (Mal d 1) or carrot (Dau c 1). A limited reper-
toire of related proteins make up the majority of food aller-
gens (eg, the Cupin superfamily, Prolamin superfamily,
and the plant defense system pathogenesis-related pro-
teins).20 A food is comprised of numerous proteins, and
immune responses might be directed to particular ones
with differing clinical consequences. For example, major
class 1 allergens in peanut include Ara h 1, Ara h 2 and
Ara h 3, whereas Ara h 8 is a Bet v 1 homologue class 2
peanut allergen that is less likely to be associated with
severe clinical reactions.22 Although many food proteins
share regions of homology and cross-reactivity on allergy
testing, clinical evidence of cross-reactivity is not as com-
mon.23 Heating of foods might reduce or enhance allerge-
nicity, depending on the protein and circumstances.21

CLINICAL DISORDERS

The disorders can be classified on the basis of inter-
related immunologic causes and the organ system or
systems affected (Table I). The features of each disorder
are described in detail in recent reviews.1,3,4 Various gas-
trointestinal food-induced allergic disorders share

TABLE I. Examples of causes of adverse reactions

to foods*

Intolerance (nonallergic hypersensitivity)

Lactose intolerance, galactosemia, alcohol

Pharmacologic

Caffeine (jitteriness), tyramine in aged cheeses (migraine),

alcohol, histamine

Toxins

Bacterial food poisoning

Food allergy (see Table II for gastrointestinal disorders)

IgE mediated: urticaria, angioedema, morbilliform rashes, acute

rhinoconjunctivitis, acute asthma, anaphylaxis, food-associated

exercise-induced anaphylaxis

Not IgE associated: contact dermatitis, dermatitis herpetiformis,

celiac disease, Heiner syndrome

Mixed IgE-mediated/non–IgE-mediated: atopic dermatitis,

asthma

Masqueraders of food allergy

Auriculotemporal syndrome (facial flush with salivation),

gustatory rhinitis, scombroid fish poisoning, anorexia nervosa

*The revised nomenclature of the World Allergy Organization uses the

term ‘‘hypersensitivity’’ to indicate a reproducible symptom or sign to a

stimulus tolerated at the same dose by normal persons apart from an

immunologic basis (eg, lactose intolerance would be termed ‘‘nonallergic

hypersensitivity’’).
symptoms but can be differentiated by patterns of illness
and diagnostic tests (Table II).1,24-26 Additional gastroin-
testinal symptoms (colic, constipation, and reflux) have
sometimes been attributed to food allergy. Food is the
most common cause of outpatient anaphylaxis.27

Common themes associated with fatal food-induced ana-
phylaxis include the following: reactions to peanut or
tree nuts; victims are teenagers or young adults, usually
with a known food allergy and asthma; and there is a
failure to promptly administer epinephrine.28,29

DIAGNOSIS

The evaluation begins with a thorough history and
physical examination to consider a broad differential
diagnosis (Table I). The history should determine the pos-
sible causal food or foods, quantity ingested, time course
of reaction, ancillary factors (exercise, aspirin, and alco-
hol), and reaction consistency. Reason dictates that a
food ingested infrequently is more likely responsible
for an acute reaction than one previously tolerated.
Symptoms such as urticaria after ingestion of a food are
likely caused by a food allergy, whereas chronic symp-
toms (urticaria and asthma) are less likely attributable
solely to food allergy.4 Certain disorders are commonly
associated with food allergy; for example, approximately
35% of young children with moderate-to-severe atopic
dermatitis have a food allergy.30 For chronic disorders,
suspicions concerning particular foods are notoriously
inaccurate (verified approximately 30% of the time).31

In some cases confirmation of a diagnosis requires inva-
sive testing, as outlined in Table II, but in most cases the
diagnosis rests on determination of food-specific IgE
antibodies, results of elimination diets, and responses to
oral food challenges.4

For IgE-mediated disorders, skin prick tests (SPTs)
provide a rapid means to detect sensitization.31 However,
a positive test response does not necessarily prove that the
food is causal (specificity of <100%). Negative SPT re-
sponses essentially confirm the absence of IgE-mediated
allergic reactivity (negative predictive accuracy of >95%).
Consideration of the clinical history and disease pathophys-
iology is required to maximize the utility of test results.
For example, a positive SPT response might be considered
confirmatory when combined with a recent and clear history
of a food-induced allergic reaction to the tested food. The
increasing SPT wheal size is roughly correlated with an in-
creasing likelihood of clinical allergy.32 When evaluating
allergy to many fruits and vegetables, commercially pre-
pared extracts are often inadequate because of the lability
of the responsible allergen, and therefore the fresh food
might be used for testing.33

Serum tests to determine food-specific IgE antibodies
(eg, RASTs or, more recently, quantitative measurements
of food-specific IgE antibodies, such as the CAP System
FEIA or UniCAP [Pharmacia-Upjohn Diagnostics,
Uppsala, Sweden] and others) provide another modality
to evaluate IgE-mediated food allergy. Increasingly higher
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TABLE II. Gastrointestinal food allergies

Disorder Mechanism Symptoms Diagnosis

Pollen-food allergy

syndrome (oral

allergy syndrome)

IgE mediated Mild pruritus, tingling, and/or

angioedema of the lips, palate,

tongue or oropharynx; occasional

sensation of tightness in the throat

and rarely systemic symptoms

Clinical history and positive SPT responses

to relevant food proteins (prick-plus-prick

method); 6 oral challenge—positive with

fresh food, negative with cooked food

Gastrointestinal

‘‘anaphylaxis’’

IgE mediated Rapid onset of nausea, abdominal pain,

cramps, vomiting, and/or diarrhea;

other target organ responses (ie, skin,

respiratory tract) often involved

Clinical history and positive SPT responses

or RAST results; 6 oral challenge

Allergic eosinophilic

esophagitis

IgE mediated

and/or cell

mediated

Gastroesophageal reflux or excessive

spitting-up or emesis, dysphagia,

intermittent abdominal pain,

irritability, sleep disturbance, failure

to respond to conventional reflux

medications

Clinical history, SPTs, endoscopy and biopsy,

elimination diet and challenge

Allergic eosinophilic

gastroenteritis

IgE mediated

and/or cell

mediated

Recurrent abdominal pain, irritability,

early satiety, intermittent vomiting,

FTT and/or weight loss, peripheral

blood eosinophilia (in 50%)

Clinical history, SPTs, endoscopy and biopsy,

elimination diet and challenge

Food protein–induced

proctocolitis

Cell mediated Gross or occult blood in stool; typically

thriving; usually presents in first few

months of life

Negative SPT responses; elimination of food

protein / clearing of most bleeding in

72 h; 6 endoscopy and biopsy; challenge

induces bleeding within 72 h

Food protein–induced

enterocolitis

Cell mediated Protracted vomiting and diarrhea

(6 bloody) not infrequently with

dehydration; abdominal distention,

FTT; vomiting typically delayed

1-3 h after feeding

Negative SPT responses; elimination of food

protein / clearing of symptoms in 24-72 h,

challenge / recurrent vomiting within 1-2 h,

;15% have hypotension

Food protein–induced

enteropathy celiac

disease (gluten-sensitive

enteropathy)

Cell mediated Diarrhea or steatorrhea, abdominal

distention and flatulence, weight loss or

FTT, 6 nausea and vomiting, oral ulcers

Endoscopy and biopsy IgA; elimination diet

with resolution of symptoms and food

challenge; celiac-IgA anti-gliadin and

anti-transglutaminase antibodies

Reprinted from Sampson HA. J Allergy Clin Immunol. 2003;111(suppl):S540-S547, with permission from the American Academy of Allergy

Asthma & Immunology.

FTT, Failure to thrive.
concentrations of food-specific IgE correlate with an
increasing likelihood of a clinical reaction.34-39 Table
III35,37,40 provides diagnostic levels of food-specific IgE
for a variety of foods based primarily on studies of chil-
dren in the United States.35,40 When a patient has a
food-specific IgE level exceeding the predictive (diagnos-
tic) values, he or she is more than 95% likely to experience
an allergic reaction. Different predictive values are being
generated from emerging studies, which might represent
nuances of diet, age, disease, and challenge protocols.38,39

Undetectable serum food-specific IgE levels might be
associated with clinical reactions for 10% to 25%.35 Con-
sequently, if there is a suspicion of possible allergic reac-
tivity, a negative SPT response, physician-supervised
food challenge result, or both are necessary to confirm
the absence of clinical allergy.

Although not commercially available, determination of
specific IgE-binding epitopes on an allergen might pro-
vide increased diagnostic utility.41,42 The specific profiles
of epitopes bound might reflect distinctions in binding to
areas of an allergen that are dependent on protein folding
(conformational epitopes) that are a feature of mild-
transient allergy versus areas that represent linear binding
regions that are stable, reflecting severe-persistent allergy.
Increasingly, studies are evaluating the utility of the atopy
patch test.43-45 Although the atopy patch test shows prom-
ise, there are currently no standardized reagents, methods
of application, or interpretation.

The double-blind, placebo-controlled oral food chal-
lenge is the gold standard for the diagnosis of food
allergies.46 A number of reviews have outlined this pro-
cedure.46,47 If the blinded challenge result is negative, it
must be confirmed by means of an open and supervised
feeding of a typical serving of the food to rule out a
false-negative challenge result (approximately 1% to
3%). Open or single-blind oral food challenges are often
used to screen for reactions.

MANAGEMENT

The primary therapy for food allergy is to avoid the
causal food or foods. New food-labeling laws effective in
January 2006 require simple terms to indicate the presence
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of major food allergens (eg, ‘‘milk’’ instead of ‘‘casein’’).
Patients and caregivers should be encouraged to obtain
medical identification jewelry, taught to recognize symp-
toms, and instructed on using self-injectable epinephrine
and activating emergency services. Comprehensive edu-
cational materials are available through organizations
such as the Food Allergy & Anaphylaxis Network
(Fairfax, Va; 1-800-929-4040 or http://www.foodallergy.
org). Most childhood food allergies resolve,6 mandating
repeated evaluations.35,48,49

Various medications can provide relief for certain
aspects of food-induced disorders. Antihistamines might
partially relieve symptoms of oral allergy syndrome50 and
IgE-mediated skin symptoms. An in vitro study showed
the ability of activated charcoal to bind peanut proteins,51

but clinical utility has not been studied, and therefore
general use cannot be recommended. Anti-inflammatory
therapies might be beneficial for allergic eosinophilic
esophagitis–allergic eosinophilic gastroenteritis.52

Novel therapies for IgE-mediated food allergy have
been reviewed.53 Injections of anti-IgE antibodies (TNX-
901) for treatment of patients with peanut allergy showed
an increase in the average amount of peanut tolerated, but
25% of the group showed no improvement.54 Traditional
Chinese herbs showed efficacy in a murine model of pea-
nut-induced anaphylaxis.55 Standard immunotherapy for
pollen-induced rhinitis might improve pollen-food allergy
syndrome, although confirmation studies are needed.56

Immunotherapeutic strategies to avoid IgE binding-acti-
vation and promote tolerance include use of engineered
proteins that lack IgE-binding sites, small overlapping
peptides, engineered chimeric molecules with allergen
and Fcg, and coadministration of TH1-promoting adju-
vants (CpG and heat-killed bacteria).53,57,58

Approaches to delay or prevent allergy through dietary
manipulation have been the subject of reviews and
consensus statements.59,60 Studies suggest a beneficial
role for exclusive breast-feeding of infants at high risk
for atopic disease for the first 3 to 6 months of life and
avoidance of supplementation with cow’s milk or soy
formulas in favor of hypoallergenic formulas if breast-
feeding is not possible. There are currently no conclusive
studies indicating that manipulation of the mother’s diet

TABLE III. Predictive values of selected food allergens*

Food

Mean age 5 y

�50% reacty

Mean age 5 y

�95% reactz
Age #2 y

�95% react

Egg 2 7 2§

Milk 2 15 5k
Peanut 2/5{ 14 –

*Measured in kIU/L (Pharmacia CAP system FEIA).

�Perry et al.40

�Sampson.35

§Boyano Martı́nez T, Garcı́a-Ara C, Dı́az-Pena JM, Muñoz FM, Garcı́a

Sánchez G, Esteban MM. Validity of specific IgE antibodies in children

with egg allergy. Clin Exp Allergy 2001;31:1464-9.

kGarcia-Ara et al.37

{Value is 2 kIU/L for those with and 5 kIU/L for those without a clear

history of peanut allergy.
during pregnancy or breast-feeding or the restriction of
allergenic foods from the infant’s diet will prevent the
development of food allergy.14,59 Currently, the American
Academy of Pediatrics recommends a conservative ap-
proach, including that mothers of high-risk infants avoid
allergens, such as peanuts and nuts, during lactation and
that major allergens, such as peanuts, nuts, and seafood,
be introduced after 3 years of age.60

In conclusion, characterization of food allergens at the
molecular level and increasing understanding of immune
regulatory function should lead to improved diagnostic
and therapeutic approaches to food allergy.
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between resident and infiltrating cells orchestrated by

proinflammatory cytokines and chemokines. A deficiency of

antimicrobial peptides might contribute to the propensity for

colonization or infection by microbial organisms seen in atopic
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