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The evaluation of reactions after ingestion of foods
is one of the more challenging problems in allergy and
immunology practice. The extensive differential di-
agnosis, absence of definitive diagnostic procedures,
and lack of a satisfactory prophylactic therapy con-
tribute to the difficulties. However, in the final analy-
sis, the clinical management of food hypersensitivity
(allergy) rests on the identification and removal of
offending agents (foods) and the treatment of adverse
reactions. In general, this approach to the clinical
management of food hypersensitivity is the same as
the approach to the management of allergic diseases
of the skin and the upper and lower respiratory tracts.

The complexity of adverse reactions to foods has
led to a confusion in terminology -applied to allergic
and nonallergic reactions. To standardize terminol-
ogy, the American Academy of Allergy and Immu-
nology Committee on Adverse Reactions to Foods has
suggested definitions to be used in discussing aspects
of food-induced reactions (Table I).! This terminol-
ogy will be incorporated in this review.

The clinical expression of food hypersensitivity is
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the result of a series of interactions betwegn ingested
food antigens, the digestive tract, tissue naast cells
and circulating basophils, and food
IgE. In some food-induced diseases such :

sensitive enteropathy and severe milk and soy 9&1&@3’
observed in newbomn and older infants, ‘additional
immunologic mechanisms are involved. Hecause of
the unique nature of these latter diseases, they will be
discussed under separate headings.

INCIDENCE

In view of the extraordinary diversity of foods and
subsmaces wmhm faeds mmmy mgwmi nemay be

perceived by the gwmai pubhp Food
been variously estimated from 0.3% to 7

dren, and the incidence decreases: with agu % 3 The
incidence is higher in allergic children, approaching
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TABLE . Definitions relative to adverse reactions
to foods

Term Definition

Adverse reaction to a  Clinically abnormal response be-
food lieved caused by an ingested
food or food additive

Immunologic reaction resulting
from the ingestion of a food or
food additive

Classic allergic hypersensitivity
reaction to food or food addi-
tives involving IgE and release
of chemical mediators

Quantitatively abnormal response
to a food or food additive; re-
sponse differs from its physio-
logic or pharmacologic effect
and resembles a hypersensitiv-
ity reaction but does not in-
volve an immune mechanism;
anaphylaxis-like reaction may
be called *‘anaphylactoid”’

General term describing an ab-
normal physiologic response to
an ingested food or food addi-
tive that is not proved to be
immunologic in nature; cate-
gory includes idiosyncratic,
pharmacologic, metabolic, or
toxic responses to food or food
additives

Term implying an adverse effect
caused by direct action of a
food or food additive on host
recipient without the involve-
ment of immune mechanisms;
nonimmune release of chem-
ical mediators may take place;
toxins may be either from the
food itself or from microor-
ganisms; anaphylaxis-like re-
action may be called *‘ana-
phylactoid”’

Anaphylactoid reaction Anaphylaxis-like reaction to a
to a food food or food additive as a
result of nonimmune release
of chemical mediators

Adverse reaction to a food or
food additive as a result of a
naturally derived or added
chemical that produces a drug-
like or pharmacologic effect in
the host

Metabolic food reaction Adverse reaction to a food or

food additive as the result of

the effect of the substance on
the metabolism of the host re-
cipient

Food hypersensitivity
(allergy)

Food anaphylaxis

Food idiosyncrasy

Food intolerance

Food toxicity
(poisoning)

Pharmacologic food
reaction
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25% of those with infantile eczema.* Among adult
atopic patients, 24% report allergic symptoms on eat-
ing or handling various foods.> However, in both
adults and children,® 7 challenges with suspected
foods have demonstrated that only approximately one
third of the patients supposedly allergic to that food
react on reexposure. Even so, one is left with a prob-
ability that as many as one in 10 atopic adult patients
may have reproducibie adverse reactions to foods or
materials in foods.

GASTROINTESTINAL IMMUNE RESPONSES

Ingested antigenic molecules pass through the epi-
thelium of the gastrointestinal tract by macromolecu-
lar transport in adsorptive epithelial cells® and by
membranous epithelial or ¢“M”’ cells.? These antigens
then can interact with the mucosal immune system
and also gain access to the circulation. A number
of nonimmunologic and immunologic host defense
mechanisms modulate the host’s responses to ingested
substances.’® *! Normal bacterial and viral popula-
tions that inhabit the gastrointestinal tract!? are impor-
tant in preventing overgrowth of pathogenic organ-
isms and maintaining gastrointestinal function. The
normal growth of protective microorganisms may be
altered by both antibiotics’® and diet.”* Bacterial
overgrowth in the gastrointestinal tract is partially
limited by normal peristalsis. As long as bacteria are
eliminated from the system at a rate equal to their
growth, the organism number remains constant. The
“‘blind loop syndrome’’ with steatorrhea and anemia
follows interruption of this normal process.’

Substances produced by the mucosal and sub-
mucosal glands of the gastrointestinal epithelium and
by the liver have a role in preserving normal intestinal
function. Gastric acidity limits access of organisms
into the intestinal tract. Achlorhydria is associated
with an increased incidence of gastrointestinal in-
fection'® and an increase in circulating anti-bovine
serum albumin antibodies.!” The latter observation
suggests that certain food proteins are not degraded in
achlorhydria and gain access to the small intestine
where they are absorbed in greater quantities. Both
lysozyme and bile salts affect bacteria. Lysozyme,
with or without IgA and complement, may lead to
bacterial lysis.'® The growth of some microorganisms
is inhibited in bile salts.!®

Mucous-coat glycoproteins on the gastrointestinal
surface have defensive functions including the preven-
tion of parasitic, bacterial, and viral attachment to the
epithelium and interaction with allergens and entero-
toxins to prevent their penetration across the epithe-
lium.° A relationship between immunologic reactions
and glycoprotein synthesis and release is suggested by
two in vivo observations. First, intestinal anaphylaxis
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in the rat is accompanied by increased mucus release.*!
Second, adoptive immunization of Nippostrongylus-
infected rats augments goblet cell differentiation in the
intestinal epithelium.*

The lining of the gastrointestinal tract is renewed as
epithelial cells are lost through normal turnover. Cell
renewal can be interrupted by drugs including metho-
trexate and alcohol and by disease states such as
uremia and ischemia. Disruption of the mucosal lin-
ing is associated with diarrhea, maladsorption, pas-
sage of toxins into the circulation, and with bac-
teremia.

Immunologic defense systems of the gastrointesti-
nal tract include the reticuloendothelial cells (Kupffer
cells) of the liver, immunoglebulin production, cell-
mediated immunity, and mast cell activation. The
liver is important in that both intact microorganisms
and molecules including toxins that cross the intesti-
nal epithelium generally enter the portal system and
the liver. The liver, by virtue of an abundance of
reticuloendothelial cells, has the capacity to remove
these materials. If this system is interrupted in certain
liver diseases, entry of unwanted materials may cause
symptoms.?® Furthermore, both humoral and cellular
immune responses to antigens injected into the portal
circulation differ from those after injection of antigen
into the inferior vena cava,?* demonstrating an effect
of liver cells upon the immunologic response.

The humoral immune system of the gastrointestinal
tract includes the local production of IgA and IgM. In
adults, IgA-producing cells predominate, with IgM-
producing cells being the next most common (6% to
18%), then 1gG-producing cells (3% to 4%), and,
finally, IgE and IgD isotypes (less than 1%).%> % The
levels of IgA in adult human jejunal secretions have
been reported as 27.6 mg/100 ml.* In contrast,
exocrine fluids of newborn infants are devoid of IgA
and IgM. Immunoglobulins in intestinal secretions
then increase with exposure of the individual to bac-
terial and food antigens. IgM production appears par-
ticularly important in infants as judged from antibody
response to oral vaccination with Escherichia coli.®®
Measurement of fecal IgA antibodies in bottle-fed,
healthy infants suggests that the intestinal IgA-
producing cell system may reach maturity as early as
I to 2 mo.?®

Induction of the humoral immune response appears
to occur primarily in the Peyer’s patches. Here, anti-
gens enter through the epithelium into the subepithe-
lial zone where lymphocyte sensitization occurs.
Primed lymphocytes leave via the efferent lymphat-
ics, pass through the mesenteric nodes and thoracic
duct, and then pass into the systemic circulation.®
These cells migrate through the spleen and other or-
gans and return to the lamina propria®® where
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B-lymphocytes complete their differentiation into
plasma cells. IgA synthesized by these cells in the
mucosa is dimeric, and IgM is pentameric, as deter-
mined by the incorporation of polypeptide *‘joining™’
or “‘J"’ chains.?> When J chains containing IgA and
IgM are released into the interstitial fluid, each mole-
cule is joined to an epithelial glycoprotein termed
‘‘secretory component’’ or ‘‘secretory piece.”’ The
secretory piece in turn aids in the transport of immu-
noglobulin across the epithelial cells to the lumen and
helps the immunoglobulin to resist proteolysis.

Gut-associated immunoglobulins function in the
defense against microorganisms and control of anti-
gen absorption. Secretory 1gA prevents bacterial
adherence to mucosal surfaces.* Secretory immu-
noglobulins against viruses including polio aid in
host defense against these agents.* IgE develops
in association with certain parasitic infections and
may play a role in parasite expulsion. Local immuni-
zation in rats with horseradish peroxidase or bovine
serum albumin results in reduction in antigen ab-
sorption.*?

Cell-mediated immunity can be demonstrated in the
gastrointestinal tract. This immunity may be indepen-
dent of a comparable systemic immumity.* Priming
of T cells to luminal antigens can occur in Peyer’s
patches.® These cells may also travel via the thoracic
duct to the bloodstream and return to the lamina pro-
pria as T-effector cells. Cell-mediated immunity
probably participates in the protection of the gastroin-
testinal tract against infection, especially against or-
ganisms where the response of the immune system is
that of delayed hypersensitivity.

The majority of allergic reactions to foods is

" believed to be IgE-mediated, mast cell-dependent

immediate hypersensitivity reactions. The first re-
quirement in the development of an immediate hyper-
sensitivity reaction is the inherited ability of a given
individual to form IgE to specific substances in the
environment. In food hypersensitivity, the specific
substances are food-derived antigens. This presence of
IgE on mast cell surfaces which reacts with food anti-
gens has been demonstrated by immediate wheal and
erythema reactions in the skin after local injection of
minute amounts of food antigen.” Such reactions have
been passively transferred by intracutaneous injection
of allergic sera into the skin of normal recipients fol-
lowed by local injection 24 hr later of food antigen to
which the donor is sensitive (Prausnitz-Kustner test).
This test, useful in demonstrating the passive transfer
of a sensitizing agent in the serum, was discovered by
injecting the serum of Kustner, who was allergic to
fish, into Prausnitz and eliciting a positive response¢. on
local challenge with fish antigen.” Similar local reac-
tions have been reported when the food antigen was
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administered orally 24 hr after injection of serum into
the skin.®

Food antigen-specific IgE indirectly has been dem-
onstrated to lead to the degranulation of mast cells in
the gastrointestinal tract. Local mucosal reactions
reminiscent of those that follow mast cell degranula-
tion in human skin have been reported in vivo after
passive sensitization of human ileum and colonic mu-
cosa.” Local reactions after passive sensitization
could be induced by ingestion or by direct application
of the antigen. Human mucosal mast cells have also
been reported to degranulate in vitro in IgE-dependent
reactions . *

Mast cells, reportedly observed in gastrointestinal
tissue as early as the third fetal month, gradually in-
crease in number during infancy and childhood until
adult levels are reached.** While human skin con-
tains, on the average, 7000 mast cells per cubic
millimeter, the human duodenal mucosa contains ap-
proximately 10,000 to 20,000 mast cells per cubic
millimeter. Mast cells are particularly found in the
mucosa and submucosa in the gastrointestinal tract.*?
Mast cells in the mucosa tend to be distributed ran-
domly throughout the lamina propria. Mast cells are
especially prominent in the loose connective tissue in
the duodenal mucosa in and around Brunner’s glands.
Mast cells in the submucosa, muscular layer, and
serosa appear both in approximation to small blood
vessels and nerves and at sites distant from the ves-
sels, The number of cells found within the mucosa
varies considerably depending on the level of the gas-
trointestinal tract examined. Thus the mucosa of the
stomach, duodenum, and ileum contains more mast
cells than do the esophagus, colon, and rectum.
Variations in submucosal, muscular, and serosal mast
cells are less extreme among biopsy sites.

In rodents where gastrointestinal mast cells have
been carefully studied, mast cells in the lamina pro-
pria differ from mast cells in the submucosa and skin
as reviewed elsewhere.*® They stain less intensely
with toluidine blue and contain fewer and more het-
erogeneous granules. These mast cells demonstrate a
T-lymphocyte dependent increase during parasitosis.
Mucosal mast cells are thus termed ‘‘atypical mast
cells.”” Similar differences may exist in man, al-
though this is far from certain.

There is evidence that gastrointestinal mast cells
degranulate not only to IgE-mediated stimuli but to
complement-derived anaphylatoxins C3a and C5a as
well. It is known that IgA, IgG, and IgM, some of
which are directed against specific food determinants,
are present in gastrointestinal secretions.** Interaction
of food with IgM or IgG may lead to complement
deposition in gastrointestinal tissues as observed in
patients with cow’s milk sensitivity.”* Such comple-
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ment activation and the concomitant generation of
anaphylatoxins could lead to mast cell degranulation.
An IgG antibody, termed heat-stable, short-term sen-
sitizing antibody, has been reported in sera from
children developing symptoms approximately 24 hr
after milk ingestion.*® Such IgG antibodies reportedly
sensitize monkey skin at 2 to 4 hr, have agglutinating
activity, and do not compete with IgE reagins for cell
receptors. The clinical significance of such observa-
tions is not clear. Finally, in evaluating reactions
involving the gastrointestinal tract, it should be re-
membered that mast cells may also degranulate to
pharmacologic agents such as codeine.

The possible sequence of events after mast cell de-
granulation within gastrointestinal tissues includes:
local changes in vasopermeability, stimulation of
mucous production, increase in muscle contraction,
stimulation of pain fibers, and recruitment of inflam-
matory cells. Local intestinal anaphylaxis has been
demonstrated to facilitate the passage of macromole-
cules through the gastrointestinal barrier.'® The local
reaction increases mucosal permeability and the entry
of food antigen into the body where it may be distrib-
uted to other target organs, initiating degranulation of
mast cells at those sites. The gastrointestinal tract, by
virtue of its food processing, is also in a position to
alter the timing of type I reactions. Antigenic sites on
food antigens may be unmasked or degraded as food
is digested. As food passes through the digestive
tract, additional antigen sites may be exposed for in-
teractions with specific IgE on epithelial, mucosal,
and submucosal mast cells.

CLINICAL FEATURES

Immunologically mediated reactions to foods and
materials within foods are expressed by a spectrum of
signs and symptoms from abdominal pain to gen-
eralized anaphylaxis. These expressions of food al-
lergy are influenced by factors including the age and
awareness of the patient, the quality and quantity of
food ingested, and the type and extent of associated
medical problems. With such modulating factors in
mind, the clinical reflection of food allergy can be
divided into that resulting from the action of offend-
ing foods on the initial contact organ, which is. the
digestive tract, and on secondary contact systems in-
cluding skin, lungs, and blood vessels.

The oropharynx and gastrointestinal tract are the
initial sites of exposure to food antigens. Edema and
pruritus of the lips, oral mucosa, and pharynx may be
reported as the food contacts the mucosa. Such reac-
tions are transient and not necessarily followed by
other allergic manifestations. Entry- of offending
foods into the stomach and subsequently into the in-
testine may result in nausea, cramping, pain, abdomi-
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TABLE . Differential diagnosis of food hypersensitivity*

1. Additives and contaminants
A. Dyes
|. Tartrazine
B. Flavorings and preservatives
1. Nitrites and nitrates
2. Monosodium glutamate
3. Sulfiting agents
4, Sodium benzoate
C. Toxins
|. Bacterial
a. Botulism
b. Staphylococcal intoxication
2. Mushroom toxins
Mycotoxins (aflatoxins)
4. Seafood-associated
a. Saxitoxin (shellfish)
b. Scombroid poisoning (histamine)
c. Ciguatera poisoning (fresh reef fishes as
grouper, snapper)
D. Infectious organisms
1. Bacteria
a. Salmonellosis
2. Parasites
a. Giardiasis
b. Trichinosis
c. Diphyllobothriasis
3. Viruses
a. Hepatitis
Insect parts
Mold antigens
.~ Accidental contaminants
}. Heavy metals

(V%)

Qmm

2. Pesticides
3. Antibiotics
H. Gastrointestinal diseases
A. Structural abnormalities
I. Hiatal hernia
2. Internal obstruction
B. Enzyme deficiencies
I. Lactase deficiency
2. Glucose-6-phosphate dehydrogenase deficiency
3. Galactosemia
C. Malignancy
D. Other
1. Peptic ulcer disease
2. Gallbladder disease
3. Cystic fibrosis
III. Endogenous pharmacologic agents
Caffeine
Theobromine
Histamine
. Tyramine
Tryptamine
Dopamine
Notrepinephrine
Serotonin
Phenylethylamine
Alcohol
. Hallucinogenic alkaloids
IV. Psychologlcal reactions
V. Other
A. Collagen vascular diseases
B. Endocrine disorders

R-mTZOoTmON®»

*The list is not comprehensive. Examples only are given.

nal distension, vomiting, flatulence, and diarrhea.
Gastrointestinal problems are prominent in infants
where milk antigens are often incriminated. These
symptoms of gastrointestinal involvement can be the
only expression of food allergy. Gastrointestinal
complaints may be accompanied by  hyperactive
bowel sounds and a change in abdominal girth. Occuit
fecal bloed loss, maladsorption, protein-losing en-
teropathy, functional intestinal obstruction, and eo-
sinophilic infiltrates have all been associated with
gastrointestinal allergy.*

Food allergy may also be expressed in one or more
extraintestinal target tissues. The basis of the prefer-
ential reactivity of one system over another is un-
known. The skin is a common target organ in food
allergy. Skin reactions are evidenced by acute ur-
ticaria and/or angioedema and much less frequently
by :chronic urticaria.*® In one report of 554 patients
with urticaria, food allergy was demonstrated as the
cause in pnly 1.4%.*° Atopic eczema exacerbated by
foods has been demonstrated in children.’® Adult

eczema appears less frequently to be related to food
sensitivity. Asthma and rhinitis caused by food al-
lergy are more common in children” than in adults.
Systemic anaphylaxis as a result of aﬂlmgy to in-
gested foods generally occurs within mi
casionally has been reported hours after ingest
the offending food.”? The first anaphylwtm epfsede

may be unexpected or may be pmcwed Hy mmar

on previous exposure to the food Sy et
laxis involves multiple target organs as ef;
abdominal pain, nausea, emesis, dtmhzn, d}!&gﬁe&
cyanosis, chest pain, urticaria, angite
rhythmias, hypotension, and shock.

DIAGNOSIS

The diagnostic process in food allergy starts with a
careful medical history and physical examination di-
rected at distinguishing food hypersensitivity from
other causes of adverse reactions to foods {Table ).
Skin tests and in vitro tests for antigen-specific IgE
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TABLE lll. Characteristics of purified water-soluble food allergens

Allergen Source Molecular weight Composition Characteristics
Antigen M Codfish 12,328 113 Amino acids to | glucose ~ Parvalbumine, chelates calcium,
relatively acid and protease
resistant
Antigen 11 Shrimp 38,000 96% Protein; 4% carbo- Heat stable
hydrate
Peanut [ Peanut ~ 91% Protein; 9% carbo- Relatively acid and protease re-
hydrate sistant
Soybean trypsin  Soybean 20,500 Polypeptide chain, two disul-  Relatively acid and protease re-
inhibitor fide bridges sistant

are used in selected cases to support the clinical diag-
nosis. When skin tests are required and judged safe,
confirmation of the diagnosis may be obtained by oral
challenge with suspected foods.

History

A detailed report of the reaction including the pre-
sentation must be obtained. Symptoms and signs of
food reactions include pruritus, hives, eczema, an-
gioedema, abdominal pain, nausea, vomiting, diar-
rhea, asthma, hypotension, and rhinitis. One or sev-
eral symptoms and signs may occur with the same
food on different occasions. The severity of the reac-
tion may be gauged by the éxtent and duration of
symptoms and the treatment required for control. The
patient should be specifically questioned to determine
the setting of the reaction; for example, did reactions
occur only when exercise followed eating?

Foods of particular interest are identified by their
ingestion in some proximity to the reaction. With the
use of food challenge, a number of foods have been
implicated in immediate allergic reactions in children
and adults. These foods include peanuts, nuts, egg,
milk, soy, fish and other seafood, banana, and
chicken.®® However, many additional foods have the
potential to cause food allergies, although less fre-
quently.

A limited number of specific food antigens respon-
sible for immediate hypersensitivity reactions have
been isolated and characterized as reviewed else-
where.** These include allergens from codfish,3- 36
shrimp,’” peanut,3® and soybean®® (Table III). Protein
fractions from cow’s milk and egg have also been
examined for antigenicity. Cow’s milk consists of
casein (80%) and whey proteins (20%). Beta lacto-
globulin is the principal protein in whey, appears to
be the most allergenic of the milk proteins, and is
relatively resistant to heating and to proteases. It is a
glycoprotein with a molecular weight of 36,000 and
contains two identical polypeptide chains, each with a

molecular weight of 18,000. Other proteins in milk
include alpha lactalbumin, bovine serum albumin,
and bovine gamma globulins. Casein and beta lacto-
globulin are synthesized in the mammary gland and
do not appear to have a relationship to bovine plasma
proteins. Individuals reactive to egg are usually sen-
sitive to the egg white. Ovalbumin and ovomucoid are
the primary allergens in egg white protein. Both are
present in uncooked and cooked egg. Conalbumin
(ovotransferrin) is also allergenic. Lysozyme appears
to be much less allergenic.®

Allergenic food proteins, although generally heat
and enzyme resistant, may be altered by food prep-
aration. Factors such as whether the food was raw,
cooked, or otherwise processed are of importance.
Food antigens capable of inducing allergic responses
may be limited to only part of the food, such as the
skin from an apple, or may only be transiently present
at a certain stage of ripeness. A suspected food may
fail to consistently lead to an allergic reaction. Rea-
sons for this inconsistency include the amount con-
sumed (larger amounts are more likely to induce
reactions), the presence of other simultaneously in-
gested foods that may delay digestion, the state of the

- food, and the possibility that concomitant medications

such as antihistamines may have masked the reac-
tions. It has been suggested that in some cases food
reactions are noticed only when the individual is
suffering from other allergic problems. Certain foods
appear more likely to cause problems in patients with
specific inhalant allergies. Thus ragweed-sensitive
patients are more likely to react to camomile tea.
Foods may be contaminated by other foods as well
as contain a wide variety of substances that lead to
reactions that may be confused with food allergy
(Table II). Cross contamination of one food by an-
other may take place before processing, during pro-
cessing, and during food preparation. Mold contami-
nants are prominent in fermented food products such
as cheese, dried fruits, yogurt, and wine. Insect parts
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can contaminate spices and other foods. Drugs, dyes,
additives, bacteria, and bacterial products occasion-
ally contaminate foods. Milk from cattle has been
contaminated with bacitracin, penicillin, and tetracy-
cline used to treat bovine diseases. Dyes such as tar-
trazine yellow (Food, Drug, and Cosmetic No. 5)
cause non-IgE~mediated hypersensitivity reactions in
some individuals who are sensitive to aspirin.®' The
amount of natural salicylates in foods is small, and for
that reason it is unlikely that they provoke problems
even in aspirin-sensitive patients.’ Sulfiting agents
used to reduce spoilage of such foods as lettuce and
shrimp, to inhibit undesirable microorganisms during
fermentation such as in wine making, to sanitize food
containers, and to prevent oxidative discoloration of
foods have been demonstrated to induce problems
reminiscent of allergic diseases. Foods that may have
higher amounts of sulfiting agents include salads, de-
hydrated potatoes, fruits, vegetables, wines, shrimp
and other seafood, baked goods (especially pizza
crust and tortilla shells), tea mixes, and vegetable and
fruit juices. Several asthmatic patients had the onset
of severe wheezing and associated anaphylactoid
symptoms and signs after challenge with potassium
metabisulfite in one report.%? Monosodium glutamate
in sufficient quantity (usually 3 to 6 gm) can lead to
the “‘Chinese restaurant syndrome’’ consisting of a
warmth or burning sensation, especially over the head
and shoulders, stiffness or tightness, weakness in
the limbs, pressure, tingling, headache, light-headed-
ness, and gastric discomfort occurring approximatety
15 minutes after ingestion.®® Bacteria and bacterial
toxins may cause both gastrointestinal and systemic
symptoms and may be confused with food allergy.
The diagnosis of botulism or fish, shellfish,’* and
mushroom poisoning must not be overlooked in the
emergency room when a patient presents with a “‘food
reaction.”” Scombroid poisoning, caused by the in-
gestion of tuna, mackerel, and related fish containing
high levels of histamine resembles food allergy and
can be confirmed by high levels of histamine in the
implicated fish. Persons on isoniazid (a histaminase
inhibitor) may be especially sensitive. Giardiasis may
be accompanied by cramping, diarrhea, flatulence,
maladsorption, and urticaria.

Naturally occurring substances in some foods may
cause problems confused with food allergy. Prunes,
cucumbers, beans, fruits, soybeans, and onions con-
tain substances that may lead to gastroenteric symp-
toms by irritation or pharmacologic activity. Amines
such as tyramine and phenylethylamine, nitrates and
nitrites, and alcohol may cause headaches in suscep-
tible individuals. Methylxanthines (caffeine, theo-
bromine, and theophylline) are found in coffee, tea,
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cola, and chocolate. These substances cause nervous-
ness, tremor, and tachycardia in large amounts.
Vasoactive amines (epinephrine, norepinephrine, ty-
ramine, dopamine, histamine, and S-hydroxytrypta-
mine) are found in bananas, tomatees, avocados,
cheeses, pineapples, and wines. Patients on mono-
amine oxidase inhibitors are susceptible to hyperten-
sion if they ingest foods high in such amines. Choco-
late also contains phenylethylamine. Histamine may
be present in wine.

Primary gastrointestinal diseases can lead to acute
symptomatology after food ingestion. Examples are
hiatal hernia, gastric and duodenal uicers, cholelithi-
asis, gastric malignancy, diverticulosis, and vascular
insufficiency. Gastroesophageal reflux may cause
bronchial irritation, chronic cough, and wheezing in
young children and infants. Collagen vascular dis-
eases such as scleroderma and systemic lupus ery-
thematosus can have associated gastrointestinal man-
ifestations. Functional gastrointestinal reactions can
be confused with adverse reactions to foods.®

A deficiency of lactase or other enzymes can re-
semble food allergy. Lactase deficiency may be famil-
ial or acquired and can be associated with gastrointes-
tinal infections and inflammatory bowel diseases. It
may develop during infancy, childhood, or adult-
hood. Lactose is the principal carbohydrate of milk,
and individuals with lactase deficiency demonstrate
milk intolerance. Symptoms include bloating, cramp-
ing, and diarrhea. These effects result from the persis-
tence of lactose in the gut, which exerts an osmotic
effect that brings fluid into the intestinal lumen. In
addition, colonic bacteria produce lactic acid and fatty
acids from fermentation of the lactose that decreases
the pH of the stool. Lactase deficiency has been esti-
mated to occur in 5% to 20% of white North Ameri-
cans, but the incidence may approach 80% to 90% in
Asiatic people, black North Americans, Africans,
Greenland Eskimos, and some Arab populations. A
lactose tolerance test can be performed by the oral
administration of approximately 0.75 to 1.5 gm of
lactose per kilogram of body weight. In a positive
test, blood glucose increases less than 20 mg/d} above
the fasting glucose level. False-positive -and false-
negative results occur in approximately 20% of nor-
mal subjects. The determination of breath hydrogen
after 50 gm of lactose is more specific. Colonic bac-
teria produce hydrogen from unadsorbed lactose with
an increase in breath hydrogen.

The use of diets in diagnosis

When the relationship between ingestion of certain
foods and resulting symptoms is unclear, the use of an
elimination diet may be warranted. The likelihood of
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TABLE IV. Common food groupings*®
Animal
Crustacea Pelecypoda Cephalopoda Osteichthyes
Shrimp Oyster Octopus Sardine
Crab Clam Squid Trout
Lobster Scallop Salmon
Crayfish Abalone Whitefish
Vegetable
Bromeliaceae Gramineae Leguminosae Rutaceae
Pineapple Barley Kidney bean " Lemon
Chenopodiaceae Corn Lima bean Grapefruit
Spinach Oats String bean Orange
Compositae Rye Pea Solanaceae
Lettuce Wheat Peanut White potato
Cruciferae Rice Soybean Chili pepper
Horseradish Juglandaceae Liliaceae Tomato
Cabbage English walnut Garlic Sterculiaceae
Mustard Pecan Onion Chocolate
Cucurbitaceae Lauraceae Asparagus Cola
Squash Cinnamon Palmaceae Umbelliferae
Cantaloupe Bay leaf Coconut Carrot
Watermelon Polygonaceae Caraway seed
Cucumber Buckwheat Dill
Drupaceae Pomaceae Celery
Almond Apple
Plum Pear
Peach Rosaceae
Apricot Strawberry
Cherry

*Examples only.

establishing a diagnosis by use of elimination diets is
higher when fewer foods are responsible for the symp-
toms. Elimination diets followed by the return of sus-
pect foods to the diet should be applied only in situ-
ations where symptoms are not life-threatening, such
as in chronic hives or rhinitis. It should be remem-
bered throughout the diet-testing procedure that
changing the type and amount of foods may also alter
the symptoms of diseases such as disaccharidase de-
ficiency, gluten-sensitive enteropathy, and cystic
fibrosis. Before any diet is initiated, it is useful for the
patient to remain on the usual diet for 1 to 2 wk.
During that time the patient records the type and
amount of foods ingested and the occurrence and
character of adverse reactions. This record is useful in
searching for suspect foods and in establishing base-
line symptoms against which the success or failure of
elimination diets can be measured. If symptoms fail to
appear within this baseline period, the occurrence of
symptoms is too infrequent to be appreciated during
the period of an elimination diet. If no more than a
few foods are suspects as the cause of symptoms, the
initial elimination diet can consist simply of removing
these foods. Such an approach is more likely to be of

benefit in pediatrics where allergy to such foods as
milk, egg, or soy is common in early life. Care must
be taken that suspected foods are not inadvertently
consumed while they are hidden in other foods. For
example, common foods such as eggs and corn are
found in such food mixtures as margarine, mayon-
naise, and salad dressing. Furthermore, biologic
cross-reactivity between foods in food groups may
occur in some instances (Table 1V). Detailed food
classifications are available elsewhere.!

If removal of one or several foods from the diet is
not successful in eliminating symptoms, if multiple
food sensitivities are suspected, or if symptoms are
unlikely to be caused by foods such as is the case in
chronic urticaria, initiation of a severely limited diet
is sometimes warranted. Severe elimination diets, es-
pecially in children, can'be used for only short periods
of time. Extensive elimination diets for infants under
3 mo of age include milk substitute alone; 3 to 6 mo of
age, milk substitute and rice cereal; 6 mo to 2 yr, milk
substitute’ with vitamin supplement, rice cereal,
applesauce, pears, carrots, squash, and lamb;* and
for older children and adults, lamb and rice. Caution
must be taken to instruct the patient to take nothing by
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mouth but the foods on the diet and water. Both oral
and topical medications including aspirin, vitamins,
laxatives, and creams must be avoided when it is
possible. Continuation of symptoms while patients
are on restricted diets indicates that the symptoms are
not caused by foods. The unlikely possibility that the
individual foods on the restricted diets themselves
cause symptoms may be eliminated by substituting
other foods that are known not to correlate with symp-
toms. If symptoms resolve on the restricted diet, re-
sumption of a normal diet should be accompanied by
a return of symptoms; subsequent resumption of the
restricted diet should alleviate these symptoms. Such
cycling should reproducibly eliminate or provoke
symptoms in order to allow the conclusion that symp-
toms are secondary to foods. If a relationship to diet is
established, foods representing food groups eaten by
the patient during the control period should be re-
turned individually to the diet in normal amounts at
intervals of 3 to 4 days. Foods returned to the diet
without induction of symptoms may remain in the
diet. Foods provoking symptoms should be removed
until the procedure is completed. If resumption of
symptoms is associated with the introduction of spe-
cific foods, then this cause-and-effect relationship
must be verified by the disappearance of symptoms on
elimination of that food. Although the procedure de-
scribed is lengthy, it is direct and applicable to either
inpatient or outpatient evaluations with a minimum of
confusion.

Techniques by use of food extracts

A number of in vivo and in vitro procedures use
food extracts in the diagnosis of food allergy. These
techniques include skin testing, RAST, ELISA, and
basophil histamine release.

1. Skin testing. Skin testing with foods involves
the application of dilute water-soluble suspensions of
food extracts to the dermis.” %7 If the recipient has IgE
antibody to the food antigen, local wheal-and-flare
reactions typical of type I hypersensitivity are pro-
duced. Individuals may have positive skin tests in the
absence of food allergy (false positive). However,
allergic reactions to foods appear unusual in the face
of negative skin tests (false negative).” Skin testing
with food extracts is performed by use of scratch or
puncture techniques. Intradermal testing is avoided
generally because of a greater danger of systemic re-
actions; nonspecific irritant reactions are also more
frequent. Selected food extracts including nuts, egg,
milk, soy, and fish correlate fairly reliably with aller-
gic manifestations. However, patients should never
be advised that they are allergic to certain foods solely
on the basis of positive skin tests. Because of the risk
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of anaphylaxis, skin testing with food extracts should
be performed only by a physician experienced in this
procedure. Recent pediatric studies have demon-
strated that food extracts in a concentration of 1:20
w/v applied by the puncture technique give 3-milli-
meter or larger wheals in subjects having allergic re-
actions to foods verified by oral food challenge .’

2. RAST and ELISA. The RAST and ELISA are
directed at an in vitro demonstration of IgE directed to
specific antigens. The RAST is the most commonly
used in vitro diagnostic test. It has also proved useful
as a research tool in the identification of antigens in
foods to which patients may react and as a tool in the
standardization of allergenic extracts. Clinically, the
RAST is used where skin testing with extracts might
pose a hazard, particularly of anaphylaxis, in patients
suspected of being exquisitely sensitive to a particular
antigen. It may also be used both in patients with skin
disease such as eczema so extensive as to preclude
skin testing or in patients with severe dermatograph-
ism. The RAST is, however, less sensitive than direct
skin testing® and more expensive. The ELISA, de-
veloped after the RAST, may also be used to measure
antigen-specific IgE. The ELISA has similar potential
to the RAST in the identification of food antigen-
specific [gE.%

3. Basophil histamine release. Peripheral blood
basophils from individuals with suspected food aller-
gies can be examined in vitro to determine if they
degranulate to dilute suspensions of food antigens.
Degranulation requires the presence of IgE on the
basophil specific to the suspected food. Such degranu-
lation can be monitored by histamine released into the
supernatant fluid. Basophil-degranulation testing
procedures correlate with skin tests but do not estab-
lish a diagnosis of food allergy, are time consuming,
and appear to have no advantage over skin testing.”
A high, spontaneous in vitro release of histamine
from basophils taken from subjects allergic to foods
has been reported.”™

4. Controversial technigues. Cytotoxic testing,
provocative subcutaneous testing, and provocative
sublingual testing use food extracts to disgnose food
sensitivity. Cytotoxicity testing is based on the claim
that a specific allergen added in vitro to whole blood
or to serum leukocyte suspensions will result in re-
duction in white cell count or death of the leukocytes.
Provocative subcutaneous testing and provocative
sublingual testing involve subcutaneous injection or
sublingual administration of sufficient antigen to elicit
symptoms corresponding to the patient’s complaints.
A 1981 position statement issued by the American
Academy of Allergy and Immunology held all three
techniques to be unproven and stated that their use



758 Metcaife

should be limited to well-constructed diagnostic
trials.”!

Oral challenge in diagnosis

Oral food challenge may be used occasionally for
the diagnosis of food intolerance if the correlation
between specific foods and symptoms remains un-
clear. It need not be used if the medical history, phys-
ical examination, skin testing, and dietary studies
have resulted in a diagnosis. The use of oral challenge
to reproduce symptoms should be avoided in cases
where there is a history of severe generalized anaphy-
laxis to the suspected food. Furthermore, no food
challenge is without the risk of side effects, and the
patient must be made aware of these dangers. Such
procedures should be done only under the supervision
of a physician.

Food challenge may be performed in an “‘open,”” a
*‘single-blind,”” or a ‘‘double blind”’ manner. In an
open food challenge, both patient and physician are
aware that a specific food is being administered. In a
single-blind food challenge, only the patient is un-
aware of what food is being administered. In a dou-
ble-blind food challenge, the patient remains unaware
of whether a specific food or a placebo is being ad-
ministered and a ‘‘neutral’’ observer such as a physi-
cian or nurse is also unaware of what is being admin-
istered. The results are scored by the patient and the
medical observer. This last technique must be used if
a positive challenge requires only a subjective re-
sponse on the part of the subject. During challenge
procedures, the patient should remain on a limited
diet with foods that are known not to cause symp-
toms. The food being tested should be prepared pref-
erably in the same state as the food that may have led
to a reaction. The amount of food administered as a
test dose is governed by the apparent degree of the
suspected hypersensitivity. An initial dose of 10 to
100 mg is reasonable in most cases. The patient
should be observed preferably for a period of time
exceeding the time determined in the history between
food ingestion and symptoms. If no symptoms are
reproduced by the test dose, the challenge should be
repeated with the use of increasingly larger doses
(twofold to tenfold increments) until the amount of
food ingested exceeds that taken by history. This pro-
cedure is repeated until all suspected foods have been
examined.

In blinded procedures, suspected foods may be
-administered by being masked within other foods,
placement within an opaque gelatin capsule, or inser-
tion via a nasogastric tube. The last procedure is
poorly tolerated by most patients and generally is not
used. Any food or capsule used to hide material being
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administered must itself be demonstrated not to in-
duce symptoms. Not all foods are masked by the same
foods. For example, up to 8 gm of shrimp may be
blended into a 250-milliliter vanilla milkshake with-
out the shrimp being detected. In contrast, the taste of
peanuts blended into a similar milkshake is easily de-
tected. A single 00 gelatin capsule holds from 300 to
600 mg of dried food. When calculating eguivalent
doses of dried foods, it must be remembered that
water content varies widely. Eight grams of dried
milk is equivalent to 62 gm (2 oz) in the liquid state.

In a double-blind food challenge, an unequivocal
positive reaction such as hives or asthma is reasonable
evidence of an adverse reaction to a food. In cases of
subjective complaints, a number of positive tests to a
suspect food along with negative placebo tests are
necessary to substantiate the diagnosis. Acceptance of
a positive test does not prove that an immunologic
mechanism is responsible.

No blind oral food challenge can be perfect for a
number of reasons. Presentation of food in capsules
omits the possibility of reactions in the mouth, phar-
ynx, and esophagus as well as effects on the food of
early digestion by salivary enzymes. Small amounts
of foods may be regurgitated or eructated and iden-
tified by the subject’s sense of taste and smell. The
significance of negative challenge tests needs to be
established clearly by long-term clinical follow up. A
positive response is clearly diagnostic, but one or
even several negative responses may not absolutely
exclude sensitivity to that food in some complicated
situations. There may be unknown relationships be-
tween suspected foods and periods of abstinence from
that food before challenge. The presence of other
foods eaten with a suspected food may have facili-
tated or inhibited digestion and absorption.

DELAYED REACTIONS TO FOODS

In addition to immediate reactions to foods, exam-
ples exist of chronic gastrointestinal conditions asso-~
ciated with specific foods in certain individuals.
These conditions include gluten-induced enteropathy,
food protein-induced gastroenteropathy, and hyper-
eosinophilic gastroenteritis. In such diseases the im-
munologic mechanisms involved may include delayed
hypersensitivity, antigen-antibody complex formation
with complement activation, and IgE-mediated mast
cell degranulation.

Gluten-induced enteropathy, or nontropical sprue,
is a disorder characterized by intolerance to gluten, a
protein found especially in wheat. There is a marked
increase in the prevalence of the major histocompati-
bility antigens, HILA-B8 and HLA-Dw3, in patients
with this disorder. The toxic component of gluten
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appears to be gliadin, the alcohol-soluble component
of gluten. Peptides of gliadin obtained by proteolytic
digestion are also toxic. These peptides are rich in
proline and glutamine and poor in aromatic amino
acids and carbohydrates. The mechanism by which
gluten damages the intestinal mucosa of susceptible
individuals has been the subject of intense study. One
early suggestion was that the disease was caused by a
deficiency of specific enzymes required to degrade
gluten. Later it was postulated that celiac disease fol-
lowed an abnormal immunologic response to gluten.
Recently, an enterocyte cell-surface abnormality has
been suggested that allows gluten to bind to its surface
and induce toxicity. In gluten-sensitive patients, the
ingestion of gluten generally leads to a blunting and
flattening of the mucosal surface, a villose atrophy,
and a dense infiltration of the lamina propria with
inflammatory cells. Clinically these changes are
reflected in malabsorption characterized by diarrhea,
bloating, steatorrhea, and weight loss. The diagnosis
requires evidence of malabsorption, an abnormal je-
junal biopsy specimen with characteristic changes,
and clinical and histologic improvement on a gluten-
free diet. A few patients require prolonged adherence
to a gluten-free diet before improvement.

An associated asymptomatic gluten-sensitive en-
teropathy is observed in most patients with dermatitis
herpetiformis that mimics gluten-induced enteropathy
both morphologically and in response to gluten. This
disease is histologically characterized by dermal pap-
illary collections of neutrophils and subepidermal ves-
icle formation. IgA and complement deposits are re-
ported at the epidermal-dermal junction. Dermatitis
herpetiformis is characterized by itchy, chronic, papu-
lovesicular eruptions, usually symmetrically distrib-
uted on extensor surfaces. The buttocks, sacrum,
shoulders, posterior nuchal area, and scalp may be
involved. There is a marked increase in patients who
are positive for the HLA-B8 and HLA-Dw3 antigens
and in certain B cell antigens. The sulfones or sul-
fapyridine has been the mainstay of therapy. How-
ever, it is now clear that the skin disease often re-
‘sponds to strict adherence to a gluten-free diet.

Food protein-induced gastroenteropathy is a dis-
ease of infants and children where chronic gastroin-
testinal disease appears caused by a sensitivity to, in
most cases, milk or soy protein.” ™ Such patients
clinically express diarrhea and maladsorption. The
identification and removal of the offending protein
from the diet result in improvement. Reintroduction
of the protein is followed by an exacerbation of the
problem. Changes vary from minor inflammatory
changes to villose atrophy in mucosal biopsy speci-
mens. This problem does not appear permanent with
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many children able to tolerate the milk or soy protems
in later life. The immunologic mechanisms responsi-
ble are not clear, although there is some evidence for
the participation of immediate hypersensitivity reac-
tions or concurrent viral infections.*

A combination of peripheral blood cosinophilia and
eosinophilic infiltration of the gastrointestinal wall
without evidence of vasculitis is observed in eosino-
philic gastroenteritis.” Immediate hypersensitivity
mechanisms appear to be involved in some patients as
evidenced by elevated serum IgE levels, multiple
positive skin tests to inhalants and foods, and exacer-
bation of abdominal pain and diarrhea after ingestion
of specific foods. Even in cases where foods are be-
lieved to be involved, the institution of a severe elim-
ination diet is frequently ineffective. Steroids are ef-
fective in selected cases.

A number of complaints such as abdominal pain,
headache, tension, fatigue, and depression are be-
lieved by some individuals to be caused by certain
foods. Multiple foods are often suggested as the cause
of any or all of the above complaints in these in-
stances that occur hours to days after food ingestion.
Such associations remain unproven. Several centers
are currently investigating such claims to determine if
there is a cause-and-effect relationship.

THERAPY

The preferable approach to the medical manage-
ment of any disease is prevention. In the case of food
allergy, this concept forms the basis for the recom-
mendation that infants be breast-fed when it is possi-
ble. This is particularly important for children of
atopic parents. Breast-feeding avoids exposure of the
immature gastrointestinal system to foreign milk and
other proteins. The question as to whether breast-
feeding will decrease the likelihood of children of
atopic parents developing other allergies in later life
remains to be answered.

The management of an immunologically mediated
food reaction consists of dietary avoidance and the
pharmacologic treatment of symptoms resulting from
inadvertent exposure. There is no-evidence at present
to support injection immunotherapy or oral desen-
sitization in the treatment of food allergy. An indi-
vidualized treatment plan must be established for each
patient that takes into consideration the number of
foods involved, the degree of sensitivity, and the se-
verity of symptoms. In designing an elimination diet
for long-term use, care must be taken to provide op-
timal nutrition while completely eliminating the of-
fending foods. Hidden sources of foods must be ex-
plained to the patient to reduce the risk of unexpected
exposure to the offending food. Knowledge of the
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botanic families, as well as the classification of foods
from animal sources, is important, since cross-
reacting antigens may be found among foods in the
same group (Table IV). For example, patients sensi-
tive to shrimp often experience symptoms after the
ingestion of other crustaceans. When treatment is first
instituted, strict avoidance of all sources of the of-
fending food should be observed. If the initial diag-
nosis is correct and compliance is maintained, im-
provement in the patient’s condition should result.
Eventually, in the absence of anaphylactic sensitivity,
small amounts of the offending food may be tolerated
on cautious reintroduction into the diet. For example,
small amounts of egg may be tolerated when it is used
as an ingredient in the preparation of other foods. In
addition, certain foods not tolerated raw may be in-
gested without difficulty when they are completely
cooked.

The later the onset of a food allergy the less likely
that the sensitivity will be lost. Most infants sensitive
to cow’s milk outgrow this problem by 2 yr of age.
Children diagnosed as having food allergy after 3 yr
of age were also less likely to outgrow the allergy.”™

Even the most careful patient may inadvertently
ingest the food to which he is sensitive. When the
resulting symptoms of this exposure involve sites dis-
tant from the gastrointestinal tract, the treatment for
each specific symptoms is no different than when
other provocateurs are involved. For example, the
treatment of food-induced urticaria is the same as the
treatment of idiopathic urticaria, while asthma result-
ing from food ingestion is managed as asthma pro-
voked by other allergens. Gastrointestinal symptoms
after inadvertent food ingestion are usually treated
with antihistamines. The treatment for anaphylaxis
differs only slightly from the treatment of idiopathic
anaphylaxis. If the patient does not respond to epi-
nephrine administration and other initial resuscitative
measures, gastric [avage may be indicated to decrease
further antigen absorption. The patient with anaphy-
lactic sensitivity should be taught how to self-ad-
minister epinephrine and should have an epineph-
rine-containing syringe and antihistamine available at
all times. An identification tag stating the patient’s
sensitivity is also advised.

Clinical studies with use of cromolyn sodium to
treat food allergy must be interpreted as inconclusive
and have been reviewed elsewhere.! The difficulties
in establishing the value of oral cromolyn sodium
therapy are demonstrated by the following examples.
Bronchospasm - after ingestion of specific foods to
which a subject was sensitive has been reported both
to be prevented and not to be prevented by the prior
ingestion of oral cromolyn sodium.”® 77 In the first
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study, administration of cromolyn sodium before food
challenge was also reported to reduce entry of antigen
and the formation of immune complexes.”® In a
double-blind trial evaluating cromolyn sodium in pre-
venting food allergy, the oral administration of
cromolyn sodium was better than placebo. However,
mean symptom scores for placebo and cromolyn so-
dium therapy were not significantly different.” Oral
cromolyn sodium has not yet been approved for the
treatment of food allergy by the Food and Drug Ad-
ministration. The prophylactic use of nonsteroidal
anti-inflammatory agents has been reported to prevent
food-induced acute gastrointestinal symptoms.”™ This
finding must be considered preliminary. Corticoste-
roids are used rarely in the treatment of food allergy.
Eosinophilic gastroenteritis and protein-losing gastro-
enteropathy associated with food allergy are two
conditions in which steroid use may be instituted and
tapered as symptoms resolve. If prolonged steroid
therapy becomes necessary, an alternate-day regimen
should be attempted. The numerous side effects of
steroids limit their use to severe cases.

I would like to thank Shirley Starnes for her help in the
preparation of this manuscript.
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