
Patients with food-induced allergic disorders may be first seen
with a variety of symptoms affecting the skin, respiratory
tract, gastrointestinal tract, and/or cardiovascular system. The
skin and respiratory tract are most often affected by IgE-
mediated food-induced allergic reactions, whereas isolated gas-
trointestinal disorders are most often caused by non-IgE-medi-
ated reactions. When evaluating possible food-induced allergic
disorders, it is often useful to categorize disorders into IgE-
and non-IgE-mediated syndromes. The initial history and
physical examination are essentially identical for IgE- and
non-IgE-mediated disorders, but the subsequent evaluation
differs substantially. Proper diagnoses often require screening
tests for evidence of food-specific IgE and proof of reactivity
through elimination diets and oral food challenges. Once prop-
erly diagnosed, strict avoidance of the implicated food or foods
is the only proven form of treatment. Clinical tolerance to food
allergens will develop in many patients over time, and there-
fore follow-up food challenges are often indicated. However, a
number of novel immunomodulatory strategies are in the
developmental stage and should provide more definitive treat-
ment for some of these food-induced allergic disorders in the
next several years. (J Allergy Clin Immunol 1999;103:981-9.)
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In the first segment of this 2-part series on food aller-
gy, a number of disorders affecting the skin, gut, respira-
tory tree, and cardiovascular system were described. The
repertoire of symptoms manifested by these target organs
is relatively limited and may be the result of both allergic

and nonallergic insults. Given the public’s increasing
awareness of food allergy and their frequent mispercep-
tion that various ailments are caused by food-induced
allergic reactions, the physician must retain some skepti-
cism throughout the evaluation and rely on objective
measures to arrive at the final diagnosis. Overdiagnosis
of food allergy has led to malnutrition, eating disorders,
and psychosocial problems, as well as family disruption,
whereas underdiagnosis leaves the patient suffering
unnecessarily and may result in growth failure and per-
manent physical impairments. The following discussion
provides an approach that the author has adopted over the
years in an attempt to reach the correct diagnosis. Once a
diagnosis is achieved, efforts must be directed at teaching
the patient and his or her family how to avoid the respon-
sible food or foods and to prepare them for the appropri-
ate medical response in case of an accidental ingestion.

DIAGNOSING ADVERSE FOOD REACTIONS

The diagnostic approach to suspected adverse food
reactions begins with the medical history and physical
examination. The goal of this exercise is to determine
whether the patient is likely to have experienced an
adverse reaction to food and whether it is likely to
involve an immunologic (allergic) mechanism. If an
allergic mechanism is suspected, it is useful to categorize
reactions mechanistically (ie, IgE-mediated or non-IgE-
mediated) because subsequent laboratory evaluations and
oral challenges will differ based on the suspected mech-
anism. A number of diagnostic schemes have been sug-
gested for both clinical1,2 and research3 settings.
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Medical history

The medical history relies on the patient’s or his or her
parents’ recollection of events surrounding the develop-
ment of symptoms and generally must be considered sub-
jective at best. Loveless4 was among the first to point out
the frequent inaccuracy of patient history, and May5

repeatedly warned of the power of the mind to misper-
ceive the etiology of an ailment. A review of several pub-

lished series in which double-blind, placebo-controlled,
food challenges (DBPCFCs) were used to establish the
diagnosis of food allergy reveals that only about 40% of
patients’ histories of food-induced allergic reactions can
be verified.6-13 Consequently, the physician must differ-
entiate between disorders provoked by food hypersensi-
tivity and other etiologies. Table I lists a number of alter-
natives that should be considered in the differential diag-
nosis, Table II lists symptoms frequently provoked in var-
ious target organs during food-induced allergic reactions,
and Table III provides a number of principles that should
be kept in mind when assessing the patient history.

With the medical history, the physician is attempting to
determine the likelihood that the patient has a food-
induced allergic disorder on the basis of the symptoms, the
timing of the reaction, and food suspected of causing the

TABLE I. Differential diagnosis of adverse food reactions

Gastrointestinal disorders (vomiting and/or diarrhea)
Structural abnormalities

Hiatal hernia
Pyloric stenosis
Tracheoesophageal fistula
Hirschsprung’s disease

Enzyme deficiencies (primary vs secondary)
Disaccharidase deficiency (lactase, sucrose-isomaltase,

glucose-galactose)
Galactosemia
Phenylketonuria

Malignancy
Other

Pancreatic insufficiency (cystic fibrosis, Schwachman-
Diamond syndrome)

Gallbladder disease
Peptic ulcer disease

Contaminants and additives
Flavorings and preservatives

Sodium metabisulfite
Monosodium glutamate
Nitrites/nitrates

Dyes
Tartrazine, ? other azo dyes

Toxins
Bacteria (Clostridium botulinum, Staphylococcus aureus)
Fungal (aflatoxin, trichothecene, ergot)

Seafood-associated disorders
Scrombroid poisoning (tuna, mackerel)
Ciguatera poisoning (grouper, snapper, barracuda)
Saxitoxin (shellfish)

Infectious organisms
Bacteria (Salmonella, Shigella, Escherichia coli,

Yersinia, Campylobacter)
Parasites (Giardia, Trichinella, Anisakis simplex)
Virus (hepatitis, rotavirus, enterovirus)

Mold antigens (?)
Accidental contaminants

Heavy metals (mercury, copper)
Pesticides
Antibiotics (penicillin)

Pharmacologic agents
Caffeine (coffee, soft drinks)
Theobromine (chocolate, tea)
Histamine (fish, sauerkraut)
Tryptamine (tomato, plum)
Serotonin (banana, tomato)
Tyramine (cheeses, pickled herring)
Glycosidal alkaloid solanine (potatoes)
Alcohol

Psychologic reactions

Adapted from Sampson H. J Allergy Clin Immunol1986;78:212-9.

TABLE II. Signs and symptoms of food-induced allergic
reactions in various target organs

Skin Urticaria/angioedema
Flushing
Erythematous pruritic rash
Atopic dermatitis

Gastrointestinal tract Pruritus and/or swelling of the lips,
tongue, or oral mucosa

Nausea
Abdominal cramping or colic
Vomiting or reflux
Diarrhea

Respiratory tract Nasal congestion
Rhinorrhea
Pruritus/sneezing
Laryngeal edema, staccato cough, and/or 

dysphonia
Wheezing/repetitive cough

Cardiovascular Hypotension/shock
Dizziness

Other Cramping back pain (uterine contraction)
Feeling of “impending doom”

TABLE III. General guidelines to consider when evaluat-
ing potential food-induced allergic reactions

1. Patient history is notoriously inaccurate.
2. Food allergy is most common in young children, especially 

with atopic dermatitis.
3. Relatively few foods are responsible for the vast majority of

allergic reactions.
4. Except in allergic eosinophilic esophagitis or gastroenteritis, it

is rare for patients to react to more than 3 foods.
5. When a child with food allergy has “new” or “multiple” food

allergies, it is most likely that he or she is ingesting “hidden”
sources of common food allergens.

6. Except in gastrointestinal allergies, most food-induced allergic
symptoms develop within minutes to a few hours of ingesting
the food allergen.

7. True food allergies generally involve “classical” signs and
symptoms affecting the skin, gastrointestinal, and/or respirato-
ry systems.

8. Subjective or behavioral symptoms as a sole manifestation of
food allergy are very rare.

9. “Adverse reactions” to dyes and additives are rare.
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reaction. The following facts should be established: (1) the
food suspected of provoking the reaction and the quantity
ingested, (2) the length of time between ingestion and the
development of symptoms, (3) whether ingesting the sus-
pected food produced similar symptoms on other occa-
sions, (4) whether other factors (eg, exercise or alcohol
ingestion) are necessary to induce symptoms, and (5) the
length of time since the last reaction to the food occurred.
As outlined in part 1 of this series,14 there are a variety of
disorders with well-characterized symptom complexes
that have been associated with food-induced allergic reac-
tions. Other symptom complexes (eg, behavioral disor-
ders, learning disabilities, and arthritis) are unlikely to be
the result of food-induced allergic mechanisms. In addi-
tion, a few foods account for about 80% to 90% of verified
reactions (excluding oral allergy syndrome): egg, milk,
peanuts, soy, fish, nuts, and wheat in children and peanuts,
nuts, fish, and shellfish in adults. In chronic disorders pro-
voked by food allergies (eg, atopic dermatitis, asthma, and
allergic eosinophilic gastroenteritis), the medical history
has a poor predictive accuracy, but in cases of acute reac-
tions (eg, anaphylaxis and urticaria) after the isolated
ingestion of a single food (eg, a peanut butter sandwich),
personal history carries a much higher predictive value.
Once the symptom complex is established, the search for
a food-related etiology should be tempered by a consider-
ation of the prevalence that food allergy is implicated as a
causative factor (ie, about 40% in children with moderate-
to-severe atopic dermatitis15 and less than 10% in children
with chronic urticaria).16

In obtaining the history, one must always be cognizant
of other foods eaten at the same time, of potentially con-
taminated foods, and of “hidden ingredients.”17 This
often requires a certain degree of detective work. For
example, sufficient milk contamination may occur to
provoke an allergic reaction when a “boxed” fruit drink
is packaged on a “nondedicated” line used to package
milk drinks or when tofu desserts are packaged in an ice
cream plant. A banana slice lying against a slice of kiwi
may contain sufficient protein to initiate an allergic
response to kiwi. Hidden sources of food are common-
place in our health-conscious, frenetic society, which is
increasingly dependent on processed foods. Milk and soy
proteins are often added to increase protein content or
enhance flavor, spices (eg, garlic and coriander) and seed
derivatives (eg, mustard and sesame seeds) are included
for flavoring many prepared foods, peanut and nut prod-
ucts are added to flavor and thicken sauces (eg, spaghet-
ti sauce, gravies, and barbecue sauces) and baked goods,
and egg and milk are frequently added to improve the
integrity of other food products (eg, egg for meatballs
and pasta and milk for canned tuna fish and bologna).
Young children are most likely to react to the common
foods, and therefore persistent food-induced allergic
reactions should prompt a search for contamination or
hidden sources of common food allergens. On the other
hand, persistent food-induced allergic reactions in adults
should prompt a search for reactions to spices or hidden
sources of less common food allergens.

Diet diaries

Diet diaries may be used as an adjunct to history, pro-
viding a less biased recall of foods eaten and the timing of
symptoms provoked. Patients are instructed to keep a
chronologic record of all foods ingested over a specified
period of time, including items just placed in the mouth,
such as teething biscuits or chewing gum, and any symp-
toms that develop. Most often a review of the diary
reveals unknown sources of contamination or hidden food
allergens. Occasionally such diaries may suggest relation-
ships between foods ingested and symptoms experienced.
Diet diaries have often proved effective in the evaluation
of chronic disorders, such as atopic dermatitis and aller-
gic eosinophilic esophagitis or gastroenteritis.

Physical examination

During the physical examination, attention is directed
toward the cutaneous, gastrointestinal, and respiratory
systems and toward detecting the presence of atopic fea-
tures, which are more commonly found in patients expe-
riencing IgE-mediated reactions. The general nutritional
status of the patient and any physical signs of underlying
nonallergic disorders should be noted. Patients appearing
wasted or experiencing severe atopic dermatitis or asth-
ma should prompt a more aggressive evaluation.

Laboratory studies

During the history and physical examination, the
physician should establish whether the patient’s findings
implicate a food-induced allergic disorder and whether
an IgE-mediated or non-IgE-mediated mechanism is
most likely responsible. A number of laboratory studies
may be useful in delineating specific foods responsible
for IgE-mediated disorders, whereas laboratory studies
are of limited value in non-IgE-mediated disorders.

IgE-mediated disorders. When IgE-mediated food-
induced allergic reactions are suspected, the prick/punc-
ture skin test (PST) and the RAST provide useful meth-
ods for establishing whether the patient possesses IgE
antibodies to specific foods. These tests indicate the pres-
ence of allergen-specific IgE, but they do not establish
the diagnosis of clinical food allergy.

PSTs are used to screen patients with suspected IgE-
mediated food allergies.18 Glycerinated food extracts
(1:10 or 1:20 dilution) and appropriate positive (hista-
mine) and negative (saline) controls are applied by the
prick or puncture technique. Food allergens eliciting
wheals at least 3 mm larger than those induced by the
negative control are considered positive; all others are
considered negative. Positive PST responses indicate the
possible association between the food tested and the
patient’s reactivity to that specific food. In general, how-
ever, the positive predictive accuracies of PSTs are less
than 50% compared with DBPCFCs, whereas negative
PST responses virtually exclude IgE-mediated reactions
(negative predictive accuracy is greater than 95%).12,18-21

Therefore negative PST responses are an excellent means
of excluding IgE-mediated food allergies, but positive
PST responses only “suggest” the presence of sympto-
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matic allergy. However, a positive PST response may be
considered diagnostic in patients who experience a seri-
ous systemic anaphylactic reaction after the ingestion of
an isolated food.

A number of variables must be considered when inter-
preting PSTs. First, commercially prepared extracts fre-
quently lack the labile proteins responsible for IgE-medi-
ated sensitivity to many fruits and vegetables (eg, apples,
oranges, bananas, pears, melons, potatoes, carrots, and
celery).22,23Second, children less than 1 year of age may
have IgE-mediated food allergy in the absence of positive
PST responses, and infants less than 2 years of age may
have smaller wheals, presumably because of lack of anti-
gen-specific IgE and skin reactivity.24 Third, skin testing
on surfaces that have been treated frequently with topical
steroids (eg, for atopic dermatitis) may provoke smaller
wheals than tests performed on untreated surfaces (eg,
the back). Fourth, negative PST responses with commer-
cially prepared extracts that contradict convincing histo-
ries of food-induced allergic reactions should be repeat-
ed with the fresh food before concluding that food aller-
gen–specific IgE is absent.25 Fifth, histamine control
wheals less than 5 mm in diameter may indicate the pres-
ence of interfering antihistamines or decreased skin reac-
tivity that reduces allergen-specific wheals, resulting in
“false-negative” test responses. Finally, long-term, high-
dose systemic corticosteroid therapy may reduce aller-
gen-induced wheal size.

Intradermal skin testing is not recommended for the
evaluation of food allergy. Studies indicate that intrader-
mal skin tests provide no significant increase in sensitiv-
ity or predictive value when compared with DBPCFCs,18

and fatalities have been reported after intradermal skin
testing for foods.26

RASTs and similar in vitro assays, including ELISAs,
for identifying food-specific IgE antibodies also may be
used to screen patients suspected of IgE-mediated food
allergies. These tests are generally considered less sensi-
tive than skin tests, but one study comparing Phadebas
RAST with DBPCFCs found PSTs and RASTs to have
similar sensitivity and specificity when a RAST score of 3
or greater was considered positive.19 The RAST may be
preferred in the following clinical situations: (1) patients

with significant dermatographism, (2) patients with severe
skin disease (eg, atopic dermatitis) and limited surface
area for testing, (3) patients who have difficulty discontin-
uing antihistamines, and (4) patients with suspected
exquisite sensitivity to certain foods. A recent study mak-
ing use of the Pharmacia CAP-RAST FEIA in children
with atopic dermatitis demonstrated that quantification of
food-specific IgE provided increased positive predictive
accuracies for egg, milk, peanut, and fish sensitivity com-
pared with PSTs.27As depicted in Table IV, a patient with
a serum food allergen–specific IgE level in excess of the
95% predictive value may be considered reactive, and an
oral food challenge would not be warranted. A patient with
a food allergen–specific IgE level less than the 95% pre-
dictive value may be reactive but would require a food
challenge to confirm the diagnosis. In addition, recent data
suggests that monitoring the allergen-specific IgE values
may be useful in predicting when follow-up challenges are
likely to be negative (ie, when patients “outgrow” their
food allergy).28 In the initial screening of IgE-mediated
food allergy, the author frequently screens for suspected
food sensitivities and then obtains food-specific IgE levels
to determine the likelihood of clinical reactivity. The ini-
tial IgE antibody level can be used as a reference point for
monitoring specific sensitivities.

Basophil histamine release (BHR) assays and intesti-
nal mast cell histamine release assays are generally
reserved for research settings. One study comparing
BHR and intestinal mast cell histamine release assays to
PSTs, RASTs, and food challenges in children with sus-
pected food allergy reported that the BHR assay correlat-
ed most closely with RAST results.29 However, a second
study comparing food allergen–induced BHR assays,
PSTs, and DBPCFCs found the BHR assay to be no more
predictive of clinical sensitivity than PSTs.30 Monitoring
“spontaneous” BHR and generation of “histamine-
releasing factor” has been shown to be highly predictive
of IgE-mediated food allergy and ongoing ingestion of
the responsible food allergen, but it has not proven to be
practical in the clinical setting at this time.6,31

Non-IgE-mediated disorders. Although the results of a
number of nonspecific laboratory studies may be abnor-
mal in non-IgE-mediated food-induced allergic disor-
ders, no laboratory test has been shown to identify foods
responsible for non-IgE-mediated reactions. For exam-
ple, a white blood cell count may reveal peripheral blood
eosinophilia in about 50% of patients with allergic

FIG 1. Diagnostic approach to the evaluation of food allergy.

TABLE IV. CAP System FEIA: 95% positive predictive val-
ues

95% PPV Sensitivity Specificity 

Food (kUA/L) (%) (%)

Egg 6 72 90
Milk 32 51 98
Peanut 15 73 92
Fish 20 40 99

Adapted from Sampson HA and Ho DG. J Allergy Clin Immunol
1997;100:444-451.
PPV,Positive predictive value.
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eosinophilic gastroenteritis,32 or an increase in the neu-
trophil count with a “left-shift” is frequently found in
patients with dietary protein–induced enterocolitis who
recently experienced an allergic reaction.33 Eosinophils
may be found in the stools of patients with dietary pro-
tein–induced enterocolitis and proctocolitis and allergic
eosinophilic gastroenteritis. Food antigen–specific IgG
(or IgG4) antibodies are generally elevated in patients
with food allergy affecting the gastrointestinal tract, but
their specificities typically reflect the type of foods
ingested and are not indicative of specific food-related
pathogenesis.34 For most gastrointestinal allergies, his-
tology of biopsy samples often confirms the diagnosis
but does not indicate which foods are responsible for the
reaction. A diagnostic approach is indicated in Fig.1

Diagnostic allergen elimination diet

Once certain foods are suspected of being responsible
for a food-induced allergic disorder, an elimination diet
is initiated in an attempt to support the diagnosis. The
success of this procedure requires the exclusion of the
correct allergen or allergens in the elimination diet, the
ability of the patient to maintain a diet completely free of
all forms of the offending allergen, and the absence of
other factors that may aggravate symptoms during the
period of study (eg,Staphylococcus aureusinfection of
the skin in a patient with atopic dermatitis, a respiratory
viral infection in a patient with asthma, and secondary
lactase deficiency in an infant with dietary protein-
induced enterocolitis syndrome). If these confounding
factors are excluded, a lack of response to the elimination
diet essentially excludes the foods eliminated as the
cause of the allergic disorder.35 However, in some gas-
trointestinal food allergies (eg, allergic eosinophilic
esophagitis and gastroenteritis) multiple food allergies
may be responsible for the disorder, and an elemental
diet (eg, EleCare, Neocate, or Vivonex plus one food
[corn]) may be necessary to establish the diagnosis. In
some cases the resolution of symptoms during a diag-
nostic elimination diet does not definitively identify the
responsible food allergen. For example, in a young infant
allergic to cow’s milk, resolution of symptoms after a
trial of soy formula, casein hydrolysate (Alimentum or
Nutramigen), or amino acid–derived formula (Neocate or
EleCare) is highly suggestive of cow’s milk allergy but
also could be due to lactose intolerance. If symptoms
resolve while a patient is maintaining an elimination diet,
some form of food challenge is generally required to con-
firm the diagnosis of food allergy, especially in chronic
disorders such as atopic dermatitis or asthma. With gas-
trointestinal allergies, endoscopy and biopsy, showing
significant resolution of gut pathology after 6 to 8 weeks
on an elimination diet will confirm that the implicated
food or foods were likely responsible for the disorder.

Oral food challenges

Oral food challenges may be performed openly (ie,
patient and physician are aware of the challenge content),
single-blind (patient unaware, but physician knows the

content of the challenge), or double-blind and placebo-
controlled (neither the patient nor the physician knows the
contents of the challenge). The DBPCFC has been con-
sidered the “gold standard” for the diagnosis of food
allergies9 and has been used successfully by many inves-
tigators in both children and adults to examine a variety of
food-related complaints.7,8,10-12,36-39For research studies,
chronic disorders such as atopic dermatitis or asthma,
patients who appear to have multiple food allergies, or sit-
uations in which patients’ perceptions may bias accurate
symptom assessment (ie, subjective complaints, such as
abdominal pain and myalgias), DBPCFCs are required.
The selection of foods to be tested by oral challenge is
determined by history, laboratory results, or both. Foods
implicated by laboratory tests, but unlikely to provoke
food-induced allergic reactions, may be screened with
open challenges. Suspected food allergens should be
eliminated for 7 to 14 days before challenge in IgE-medi-
ated disorders and up to 12 weeks in some gastrointesti-
nal disorders. Antihistamines should be discontinued long
enough to establish a normal positive histamine skin test
response, and other medications should be minimized to
levels sufficient to prevent breakthrough of acute symp-
toms. In some asthmatic patients short bursts of corticos-
teroids may be necessary to ensure adequate pulmonary
reserve for testing (FEV1 >70% of predicted value).

The food challenge is administered in the fasting state,
starting with a dose unlikely to provoke symptoms (25 to
500 mg of lyophilized food). Foods may be masked in
various infant formulas for young children or in elemen-
tal formulas, fruit juices (eg, cranberry, apple, or grape),
pureed foods, or meat patties for older children and
adults. In suspected IgE-mediated reactions the dose gen-
erally may be doubled every 15 to 60 minutes. However,
if the patient history describes a more delayed reaction, a
longer time interval between doses may be required.
Once the patient has tolerated 10 g of lyophilized food
blinded in capsules or liquid (equivalent to about one egg
white or one 4-oz glass of milk), clinical reactivity is
generally ruled out. However, all negative challenges
must be confirmed by an open feeding under observation
to rule out the rare false-negative challenge response.

In non-IgE-mediated food allergies (eg, dietary pro-
tein–induced enterocolitis) allergen challenges may
require up to 0.3 to 0.6 g of food/kg of body weight given
in 1 or 2 doses.33 In other non-IgE-mediated disorders
(eg, allergic eosinophilic esophagitis or gastroenteritis)
the patient may require several feedings over a 1- to 3-
day period to elicit symptoms. The length of observation
period is dependent on the type of reaction suspected (eg,
generally up to 2 hours for IgE-mediated reactions, up to
4 to 8 hours for milk-induced enterocolitis, 24 to 48
hours for food-induced dietary protein–induced procto-
colitis, and 3 to 4 days with multiple allergen feeds for
allergic eosinophilic gastroenteritis). In most IgE-medi-
ated disorders challenges to new foods may be conduct-
ed every 1 to 2 days, whereas with non-IgE-mediated dis-
orders, challenges to new foods often need to be at least
3 to 5 days apart. Results of blinded challenges for objec-
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tive signs and symptoms are rarely equivocal but can be
made more objective by monitoring a variety of labora-
tory parameters, such as plasma histamine, pulmonary
function tests, and nasal airway resistance. It should be
noted, however, that serum tryptase is rarely shown to
rise after food-induced allergic reactions.40,41

DBPCFCs are the most efficient means of controlling
for the variability of chronic disorders (eg, chronic
urticaria and atopic dermatitis), any potential temporal
effects, and acute exacerbations caused by the reduction or
discontinuation of medications. Other confounding factors
are also controlled or at least minimized, and psychogenic
factors and patient or observer bias are eliminated. Oral
food challenges should be conducted in a clinic or hospi-
tal setting, especially if an IgE-mediated reaction or
dietary protein–induced enterocolitis are suspected, and
only when trained personnel and equipment for treating
systemic anaphylaxis are immediately available.1,42

Patients with histories of life-threatening anaphylaxis
should be challenged only when the causative antigen can-
not be conclusively determined by history and laboratory
testing or the patient is believed to have “outgrown” his or
her sensitivity. The evaluation of many “delayed” reac-
tions (eg, most IgE-negative gastrointestinal allergies) can
be conducted safely on an outpatient basis. In cases where
patients’ symptoms are largely subjective, a cause-and-
effect relationship is established only after 3 cross-over tri-
als demonstrate exacerbation of symptoms only during
allergen ingestion. The reader is referred elsewhere for fur-
ther information on food challenges.3,9,43

THERAPY FOR FOOD-INDUCED ALLERGIC

DISORDERS

Once the diagnosis of food hypersensitivity is estab-
lished, the only proven therapy is strict elimination of the
offending allergen. Prescribing therapeutic elimination
diets should be undertaken with the same consideration
given to prescribing medications; both may result in
unwanted side effects. Elimination diets may lead to
malnutrition and/or eating disorders, especially if they

include a large number of foods and/or are used for
extended periods of time.44,45Patients and their families
must be taught to scrutinize food labels to detect poten-
tial sources of hidden food allergens.46 The elimination
of a single food can be very difficult. For example, milk
may be designated on the food label in several ways,
such as casein, caseinate, whey, lactalbumin, nougat, nat-
ural flavoring, caramel flavoring, and hydrolyzed pro-
tein. In addition, milk protein is typically found in
“nondairy” creamers and soy cheeses, in lunch meats and
hot dogs, and not uncommonly in soy or rice frozen
desserts. Various “high-risk” situations must be avoided,
such as eating at buffets, receptions, some restaurants,
friends’ homes, school cafeterias, and ice cream shops. In
certain situations airborne food particles may induce
allergic reactions (occasionally fatal) in highly sensitive
patients (eg, patients allergic to fish or shellfish in
seafood restaurants, patients allergic to eggs next to
cooking scrambled eggs, and patients allergic to peanuts
in airplanes when passengers are opening peanut snack
packs). The complexity of the therapeutic elimination
diet for the patient increases with each additional food
allergy, leading to increased frustration, lack of compli-
ance, or both.

Clinical reactivity to food allergens is generally very
specific, and patients rarely react to more than 1 member
of a botanical family47,48or animal species.49,50Table IV
depicts general approximations of botanical or species
cross-reactivities. Consequently, therapeutic elimination
diets should not be based on exclusion of food families
but be based on individual foods proven to induce aller-
gic symptoms. In patients in whom multiple food aller-
gies have been identified, it is imperative to enlist the ser-
vices of a dietitian who is knowledgeable in dealing with
food exclusion diets and has experience with patients
allergic to foods. In addition, patients should be placed in
contact with the Food Allergy Network, an invaluable
source of information dealing with food allergies and
anaphylaxis (phone, 800-929-4040; on the Web,
http://www.foodallergy.org).

Symptomatic food allergy is often “lost” over time, as
discussed below, except in most cases of peanut, nut, and
seafood allergy.10,47,51-53Consequently, food challenges
should be repeated at set intervals, or food-specific IgE
antibody levels should be monitored to determine when
food challenges should be repeated.

Medications such as H1 and H2 antihistamines, keto-
tifin, corticosteroids, and leukotriene inhibitors have been
used in an attempt to modify symptoms of food-induced
allergic disorders. Antihistamines may partially mask
symptoms of oral allergy syndrome54 and IgE-mediated
skin symptoms, but overall they have minimal efficacy.
Oral corticosteroids are generally effective in treating
chronic IgE-mediated disorders (eg, atopic dermatitis or
asthma) or non-IgE-mediated gastrointestinal disorders
(eg, allergic eosinophilic esophagitis or gastroenteritis
and dietary-induced enteropathy), but the steroid side-
effects are generally unacceptable. Some anecdotal stud-
ies have suggested that oral cromolyn sodium is effective

TABLE V. Clinical cross-reactivity among members of
plant and animal species

Food Cross-reaction Percentage

Animal Egg Chicken meat <5%*

Cow milk Beef/veal ~10%
Cow milk Goat milk ~90%
Beef/veal Lamb ~50%
Fish Other fish species >50%

Plant Peanut Legumes (except lentil) <10%
Soybean Legumes <5%
Wheat Other cereal grains ~25%
Peanuts Tree nuts ~35%
Tree nuts Other nuts >50%

*It should be noted that patients frequently have positive PST or RAST
results to other members of a plant family or animal species (>80%), but
this does not correlate with clinical reactivity. Clinical reactivity is typically
very food-allergen specific.
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in treating IgE-mediated food allergies and allergic
eosinophilic gastroenteritis, but appropriately controlled
studies are lacking or fail to show efficacy.55

Given the difficulty of avoiding food allergens, it must
be assumed that patients will experience accidental
ingestion. Approximately 35% to 50% of patients aller-
gic to peanuts will experience an accidental peanut inges-
tion within a 3- to 4-year period.47,56 If they are at risk
for severe anaphylaxis (ie, they experienced a previous
severe reaction or have asthma), they should be given
auto-injectable epinephrine and liquid (or chewable)
diphenhydramine and a written emergency plan describ-
ing their allergy, potential symptoms, medications to be
given, and emergency phone numbers to call. It must be
stressed to all caregivers that treatment must be initiated
without delay in high-risk patients, and they must be
transported to an emergency facility for further evalua-
tion and treatment. About one third of patients with sys-
temic anaphylaxis will experience a biphasic response.40

Immunotherapy has been tried for treatment of food-
induced allergic disorders. Using “standard” immunother-
apy in patients who experienced peanut-induced anaphy-
laxis, Nelson and coworkers57,58 demonstrated that a
minority of patients could tolerate larger quantities of
peanuts for a prolonged period after rush therapy, but the
adverse reaction rate was unacceptable for standard clini-
cal practice. Consequently, alternative strategies to treat
patients with food allergy are being explored.

Two such approaches are under investigation. One
involves the mutation of IgE-binding epitopes on major
peanut proteins, and the other involves the use of peanut
protein cDNAs encoded within plasmid vectors. In col-
laboration with A. W. Burks and G. A. Bannon, 3 major
peanut proteins have been identified, sequenced, mapped
for IgE-binding epitopes, and cloned for full-length
cDNA.59-62Mutational analyses of the immunodominant
epitopes on these 3 proteins revealed that a single amino
acid substitution dramatically reduced or eliminated IgE
binding to individual epitopes.60 T-cell epitope mapping
with peanut-specific T-cell lines demonstrated 4 immu-
nodominant T-cell regions on the Ara h 2 molecule, 3 of
which mapped to different locations than the immu-
nodominant IgE-binding epitopes. Similar findings have
been reported for mutated Bet v 1.63 Because the T cell
and some IgG-binding epitopes on these peanut proteins
differ from IgE-binding epitopes, the mutated recombi-
nant proteins may be able to “desensitize” patients with
peanut allergy in a manner similar to standard immu-
notherapy without the risk of inducing anaphylactic
symptoms. Studies in our peanut-allergic mouse model
should enable us to test this hypothesis.

In addition to using mutated recombinant proteins,
DNA-based immunization protocols may prove useful
for “desensitizing” patients with food allergy, as previ-
ously suggested.64,65 Studies in our mouse model
demonstrated that the type of immune response to pDNA
immunization is strain dependent.66 These findings sug-
gest that interindividual variation is also likely to occur
in human subjects, and further studies will be necessary

before using this form of therapy in allergic patients. This
will undoubtedly require further refinements in plasmid-
vector constructs and potentially more “patient-friendly”
means of vaccine administration (eg, oral delivery).

Oligonucleotide immunostimulatory sequences con-
taining unmethylated palindromic CpG motifs have been
shown to possess immunomodulatory properties that
decrease airway hyperreactivity, lung eosinophilia, and
allergen-specific IgE production when administered dur-
ing allergen sensitization.67 These nucleotide sequences
activate antigen-presenting cells (primarily monocytes)
to secrete IFN-α, IFN-β, IL-6, IL-12, and IL-18 and nat-
ural killer cells to secrete IFN-γ, both of which promote
TH1 responses. The use of oligonucleotide immunostim-
ulatory sequences as adjuvants with “engineered” recom-
binant proteins may provide a more effective form of
immunotherapy for IgE-mediated food allergies. Other
adjuvants that induce deviation of antigen-specific TH2
responses to TH1 responses also could be used and
include antigen-linked cytokines (eg, IL-12 and IL-18)68

or heat-killed Listeria monocytogenes.69

A more global strategy that may be useful in treating
IgE-mediated food allergy is the use of humanized anti-
IgE antibody therapy. This form of therapy has the
advantage of treating multiple food sensitivities regard-
less of allergen specificity. Early studies of anti-IgE ther-
apy in asthma and allergic rhinitis are showing great
promise.70-72 By using “humanized” mAbs specific for
the Cε3 domain of IgE (portion of the IgE Fc region that
binds to the Fcε receptor), investigators have shown that
anti-IgE therapy leads to a dose-dependent decrease in
circulating IgE and respiratory symptoms, as well as a
decrease in basophil Fcε receptor numbers.73 Neverthe-
less, it remains to be established whether anti-IgE thera-
py can reduce food-specific IgE antibody levels suffi-
ciently over prolonged periods to prevent food-induced
anaphylaxis. Although such therapy is likely to be very
expensive over the long term, it is possible that anti-IgE
therapy could be used to temporarily decrease a patient’s
allergic reactivity so that “desensitization” with more tra-
ditional allergen immunotherapy can be given without
the risk of inducing severe, unwanted side effects.

NATURAL HISTORY OF FOOD HYPERSENSI-

TIVITY

The prevalence of food hypersensitivity is greatest in
the first few years of life, affecting about 6% to 8% of
infants in the first year.74 Most young children “outgrow”
(become tolerant of) their food hypersensitivity within a
few years, except in most cases of peanut, tree nut, and
seafood allergy. In a prospective study of adverse reac-
tions to foods in infants, 80% of confirmed symptoms
developed in the first year of life.74 In a prospective study
of milk hypersensitivity in children through 3 years of
age, most children lost their milk allergy by age 3 years:
50% by 1 year of age, 70% by 2 years of age, and 85% by
3 years of age.51 All children with negative PST respons-
es to milk at 1 year of age lost their sensitivity by their
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third birthday, whereas 25% of those with positive PST
responses continued to have milk allergy at 3 years of
age.75 In addition, about 35% of infants with evidence of
milk-specific IgE antibodies at 1 year of age had other
food allergies by 3 years of age, and 25% had other food
allergies at 10 years of age.75,76Because young children
with milk (or egg) allergy have about a 25% likelihood of
having other food allergies, it is often recommended that
major food allergens such as peanuts, tree nuts, fish, and
shellfish be avoided until the child is at least 3 years of
age. Although this recommendation seems practical, there
is no evidence at the present time to demonstrate that this
strategy will be successful in preventing future allergy.

Although younger children are more likely to “out-
grow” their food allergies,77,78 it is apparent that older
children52,77,79and adults10 also lose their reactivity if
the responsible food allergen is identified and complete-
ly eliminated from the diet. Approximately one third of
children and adults will lose their clinical reactivity after
1 to 2 years of allergen avoidance.10,52,80,81PST and
RAST results typically remain positive and do not pre-
dict which patients will lose their clinical reactivity. The
severity of the initial reaction does not appear to correlate
with the likelihood of losing clinical reactivity, but the
degree of compliance with the allergen avoidance diet
and the food responsible for the reaction do affect the
outcome. For example, patients with peanut, nut, fish, or
shellfish sensitivity rarely lose their clinical reactivity.

Most non-IgE-mediated gastrointestinal food allergies
occur in infants and are “outgrown” in the first 2 to 3
years of life. However, allergic eosinophilic gastroenteri-
tis is frequently seen in adults, and the number of cases
developing in young children and adolescents is believed
to be increasing. Long-term studies have not been com-
pleted, and therefore the prognosis of this disorder
remains to be determined. Although most cases of dietary
protein–induced enteropathy are outgrown, celiac dis-
ease is a lifelong sensitivity, and gluten-containing grains
must be avoided for life. No formal studies on the natur-
al history of non-IgE-mediated cutaneous or respiratory
disorders have been undertaken, but these sensitivities
are believed to be longstanding.

CONCLUSION

About 2% of the population is affected by various
food-induced allergic disorders. A number of well-char-
acterized food-induced allergic disorders have been
delineated. Patients afflicted with these disorders may
be accurately diagnosed by using a systematic evalua-
tion, including medical history, laboratory studies, diag-
nostic elimination diets, and food challenges. Once the
appropriate diagnosis has been made, patients must be
educated to avoid the specific food allergen or allergens
and to treat allergic reactions in case of an accidental
ingestion. However, many investigators are working on
novel forms of immunotherapy that may provide defini-
tive therapy for these disorders in the not-too-distant
future.
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