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CELEBRATING TWENTY YEARS OF INFANT NUTRITION EDUCATION

Food Allergy and Intolerance
in Children and Adolescents

John N. Udall, Jr, M.D., Ph.D.
Louisiana State University Health Science Center/
Children's Hospital, New Orleans, LA

Introduction

There are two classes of adverse reactions to foods: allergic reactions and food intolerances.
In children and adolescents, food allergy, which is also referred to as food hypersensitivity,
includes a number of clinical presentations. These reactions are always mediated by the
immune system. Some reactions are immediate and others are delayed up to 48 hours or more.
Reactions can affect one target organ, such as the intestine, skin, or lungs, but multi-system
involvement is not rare. Severe reactions include anaphylaxis which may be life-threatening.

There are four types of immune mechanisms by which food allergy may occur. (Table 1)"2
Type I reactions are immediate onset reactions in which there is a degranulation of mast cells
with the release of mediators which act on surrounding tissue. Local production and systemic
distribution of specific IgE food antibodies play a significant role in this type of food allergy.
However, specific IgE food protein antibodies are also found in delayed-type reactions and in
food related atopic dermatitis. Type Il immune responses are antibody-dependent cell-mediated
cytoxic reactions to food and are rare. Type III reactions are immune-complex-mediated.
There is a vast amount of data suggesting that non-complexed serum immunoglobulin G
directed against specific food proteins are common in children and adolescents. The presence
of these antibodies indicates antigen exposure but sensitization to food proteins in most
instances has not taken place. Finally, Type IV reactions are cell-mediated and are delayed-
onset allergic reactions."?

TABLE 1: TYPES OF IMMUNE MECHANISMS

TYPE I. Anaphlactic Sensitivity

This type of reaction is immunoglobulin E(IgE)-mediated. Sequence of events: individual is
sensitized by exposure to the allergen; subsequent exposure results in antigen-specific IgE
antibodies attaching to receptors on the surface of mast cells. Mast cells occur in all body
tissues, but especially in areas that are typical sites of allergic reactions, including the nose,
throat, lungs, skin, and gastrointestinal tract. Degranulation of mast cells occurs with release of
histamine and other mediators that act directly on surrounding tissues.

TYPE Il. Antibody-Dependent Cytotoxic Hypersensitivty

This type of reaction occurs when antibodies attach antigens on cell surfaces or antigens
adhering to cell surfaces. Antibodies sensitize cells for complement lysis. When activated,
complement, a series of enzymes, promotes functions such as phagocytosis, viral neutralization,
and lysis of virus-infected cells. Antibodies can also sensitize cells for antibody-dependent cell-
mediated cytotoxicity by natural killer cells. This type of hypersensitivity has only rarely been
reported in food allergy.

TYPE lll. Immune-Complex Mediated

Food antigens are often absorbed from the gut in small amounts and encounter specific
antibodies in the circulation with the formation of immune complexes. These are normally
cleared rapidly by the reticuloendothelial system and they are of no pathological significance.
Tissue damage will result, however, if there are high concentrations of complexes and the nature
of the damage depends upon whether antigen or antibody is present in excess.

TYPE IV. Delayed Hypersensitivity

This type of reaction relies primarily on cells such as T-lymphocytes instead of molecules such
as immunoglobulins. It generally involves the reaction of sensitized T-cells to the allergen
(antigen). Antigen is bound to the cell surface and recognized by a specific T-cell. Factors
released by the T-cell result in cell killing or in attracting macrophages that have an enhanced
ability to destroy pathogens.
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A second type of adverse reaction to food involves a non-
immunologic mediated biochemical response. Lactose intolerance is
the most common adverse reaction to food in this category. The
dissacharide lactose is present in milk and many milk products. If the
hydrolysis of lactose in the small intestine is incomplete, the
dissacharide is transported to the colon. Colonic bacteria ferment the
sugar and produce short-chain fatty acids and gas (hydrogen, carbon
dioxide and methane). The development of symptoms depends partly
on the balance between the production and the removal of these
fermentation products. Short-chain fatty acids are rapidly absorbed
by the colonic mucosa; symptoms occur only when the rate of
delivery of lactose to the colon exceeds the rate at which the bacteria
ferments lactose.® There are three types of lactose intolerance:
congenital (rare), secondary (more common), and adult onset (most
common). The latter is a misnomer since it commonly begins in the
pediatric age-group. Lactose intolerance is much more common than
food allergy. For instance, it has been estimated that food allergy may
affect 1-6% of infants, and the prevalence decreases with age.' In
contrast, lactose intolerance is uncommon in infants, but the
prevalence increases in children and adolescents and occurs in 80%
or more of adults in some racial-ethnic groups.*

Food Allergies

Clinical Features. The foods most likely to cause food allergy in
children and adults are milk, eggs, soy, wheat, nuts and shellfish.
(Table 2) Symptoms of food allergy may be confined to the
gastrointestinal tract, skin, lungs, or the reaction may involve a
combination of organs as occurs in anaphylaxis.

When food allergy affects the gastrointestinal tract there can be
recurrent vomiting, food refusal, irritability, abdominal discomfort,
malabsorption, diarrhea, rectal bleeding or failure to thrive. The signs
and symptoms depend on which part of the gastrointestinal tract is
affected. When the esophagus is predominately involved, as occurs in
eosinophilic esophagitis, recurrent vomiting is the predominant
feature. If the stomach is the target, nausea, vomiting and abdominal
pain are most common. Involvement of the small intestine may
adversely affect digestion and absorption and result in diarrhea and
failure to thrive. Finally, in the case of cow- or soy-milk colitis in young
infants, the presence of blood and mucus in stools is common along
with diarrhea.

The cutaneous manifestations of food allergy include urticaria
and atopic dermatitis. Acute urticaria is more common in the
pediatric age group, and chronic urticaria with pruritus occurs more
often in adults. Atopic dermatis or eczema is a frequent, multi-

factorial disease with a genetic
predisposition. It is characterized by an
itching, erythematous, papulovesicular
rash that occurs commonly on the head,
and at flexural sites on the extremities. As
many as 12 per cent of preschool
children may be affected. Children with
atopic dermatitis may show positive skin
tests and specific serum IgE antibodies
to food allergens.” Eggs, peanuts, milk,
and soy proteins have been identified most frequently as triggers of
pathologic IgE production and the development of atopic dermatitis.'
Respiratory tract symptoms from food allergy may include sneezing,
congestion, dyspnea, wheezing, laryngotracheal swelling and cough.
Upper respiratory symptoms, such as nasal congestion and serous
rhinitis with sneezing and itching, are the most common respiratory
signs of food allergy. Respiratory manifestations of food allergy are less
common than gastrointestinal and skin reactions. Serous otitis and
sinusitis may also be a consequence of food allergy. Direct exposure of
the nasal mucosa appears to be more important than the absorption
and systemic distribution of the offending allergen. Wheezing and

asthma may be the main symptoms in severe cases. Asthma due to
food allergy is underestimated although potentially highly dangerous.
Symptoms may be delayed for hours or even days after ingestion.
Heiner’s syndrome is a rare disease consisting of rhinitis, otitis,
wheezing, pulmonary infiltration, and hemosiderosis. It has not been
proven beyond doubt that this is a chronic pulmonary disease of
infants induced by cow’s milk proteins.' Fatal and near-fatal
anaphylactic reactions to food in children have been described.®’
Symptoms can include respiratory distress, retractions, wheezing,
cyanosis, and loss of consciousness. Individuals may be so sensitive to
some food allergens that there is accidental exposure to the allergen
through kissing with resulting anaphylaxis.* Some have suggested that
allergies may play a role in the etiology of hyperactivity.’

TABLE 2. FOODS ACCOUNTING FOR THE MAJORITY OF
FOOD ALLERGIES IN CHILDREN AND ADULTS

CHILDREN ADULTS
Milk Peanuts
Eggs Tree nuts

Peanuts Fish
Wheat Shellfish
Soy
Tree nuts

Diagnosis. The cornerstone of diagnosis in establishing the
presence or absence of food allergy is a complete history and
disappearance of signs and symptoms when the offending food is
eliminated from the diet but with reintroduction there is an
unequivocal, reproducible reaction. Originally, three consecutive
elimination and re-challenge sequences were required to establish
the diagnosis. This proved to be an unrealistic and unethical
approach. However, there has been an attempt to standardize a more
reasonable schedule of elimination and re-challenge of the offending
allergen. A double-blind placebo-controlled food challenge
(DBPCFC) is the gold standard especially in doubtful cases and
particularly in older children with an unreliable history. (Table 3) If
there is confusion as to which food allergy exists in a given patient,
oligoantigenic diets (an elemental formula for infants, or a lamb, rice,
potato, carrots, lettuce diet for older children) for a period of time can
be considered.!

TABLE 3. THE DOUBLE-BLIND PLACEBO-CONTROLLED
FOOD CHALLENGE

The double-blind, placebo-controlled food challenge (DBPCFC) is
a labor-intensive process, but it removes bias from the testing.

In a DBPCFC, all members of the medical .

staff, family, and the child must be blinded
to the food that is under evaluation. The
suspected food is eliminated 7 to 14 days
before the challenge'. Two challenges
are administered at separate times: one
containing the challenge food, and one
containing a placebo. The order of
administration should be randomized. The
suspected food can be hidden in a tolerated
food or administered in capsules. Increasing
doses of the test material are given until
symptoms develop or the patient tolerates
10 grams of the suspected food.




No single laboratory test can replace the clinical diagnosis of
food allergy by elimination and challenge. Skin-prick testing and
serum determination of specific IgE antibodies may be helpful.
Standardized, well-defined food antigens should be used in skin-prick
testing to minimize nonspecific irritant reactions and severe
immediate type reactions, such as anaphylaxis. There are many false
positives using this test and the tests may not be reliable in young
children. Another indicator of immediate immune reactions to food
may be the presence of specific IgE antibodies in serum. The
diagnostic value of IgE antibodies towards cow’s milk, eggs, peanuts,
soy, and fish is well established.! However, such blood tests do not
necessarily reflect allergies which involve the intestine, skin, or lungs.

In the case of food allergy that results in gastrointestinal
symptoms, intestinal biopsy may be helpful in establishing the
diagnosis. Biopsies are to be obtained only in selective cases.
Endoscopy and biopsy may be justified in infants thought to have
food allergy with accompanying chronic diarrhea and failure to thrive
or in children with chronic bloody diarrhea and a family history of
atopic disease. Intestinal biopsy can be of diagnostic value in
eosinophilic esophagitis or eosinophilic gastroenteropathy.

Therapy. Dietary elimination of the offending food allergen is the
therapy of choice, but the indiscriminate use of elimination diets
without a firm diagnosis is to be discouraged. (Table 4) It should be
noted that cow’s milk products contribute 90% or more of the calcium
in the diets of young children and metabolic bone disease in children
on cow’s milk protein elimination diets for the treatment of allergy
may occur. One report described a 4 year old boy who was on a
prolonged elimination of cow milk and cow milk products because of
allergy. He was eventually diagnosed with rickets. Adequate intake of
calcium resulted in rapid improvement in his bone disease.
Restrictive diets must always be evaluated for nutrient deficiencies by
a qualified dietitian. “Infants with documented cow milk protein-
induced enteropathy or enterocolitis frequently are as sensitive to soy
protein and should not be given isolated soy protein-based formula
routinely. They should be provided formula derived from hydrolyzed
protein or synthetic amino acid. Most infants with documented IgE-
mediated allergy to cow milk protein will do well on isolated soy
protein-based formula.”

TABLE 4. THERAPY FOR FOOD ALLERGY

ELIMINATION DIETS

[nfants Children
Breast milk Exclusion diets
Hydrolysate formulas Oligoantigenic diets
Amino acid formulas Elementary diets

MEDICATIONS

Polyvalent allergy Anaphylaxis
Disodium cromoglycate Epinephrine
Ketotifen Diphenhydramine

Inhalant drugs
(bronchodilators, steroids)

Breast milk is the preferred diet for young infants. However,
minute amounts of food protein from the maternal diet can be
present in mother’s milk. The most common allergen is cow’s milk
protein. Cow’s milk protein allergy in an exclusively breast-fed infant
can occur.” Even if the mother eliminates all cow’s milk and cow’s
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milk products from her diet, there is approximately a 50 % chance that
her infant will still have symptoms. This is thought to be due to the fact
that it is extremely difficult to eliminate all cow’s milk protein
exposure. These proteins are commonly found in non-dairy foods,
cosmetics, and even some medications. This point is underscored by
the report of a severely cow’s milk protein sensitive infant who
developed anaphylaxis on two separate occasions when an ointment
used for diaper dermatitis was applied to the inflamed skin. The
preparation was found to be contaminated with trace amounts of
cow’s milk protein.” When breast feeding is not possible, extensively
hydrolyzed cow milk protein formulas may be used or in the
exceptional case an elemental formula based on amino acids. It
should be noted that there are rare adverse responses to both types of
formulas." * Other treatments for food allergy include the use of
disodium cromoglycate, ketotifen, and steroids.!

The prevention of food allergy in high risk infants includes
exclusive breast-feeding for at least 4-6 months and/or extensively
hydrolyzed formula, late introduction of
solid foods after 6 months and the
avoidance of cow’s milk and eggs for the
first 12 to 24 months.” “Children in
whom allergy to milk or eggs develops
during the first year of life should also
avoid peanuts, since other food allergies
will develop in about one third of them.

Children younger than five years of age

who are allergic to peanuts should avoid

all nuts because of the risk of developing new nut sensitivities and the
difficulty children in this age group have accurately identifying
peanut-containing products. Whether peanut allergy can be
prevented remains in question. Nonetheless, the Department of
Health in the United Kingdom (and many allergists in the United
States) recommend that mothers from “high-risk” families (those with
a history of atopy) avoid eating peanuts during pregnancy and
lactation and that they not give their infants peanut products for the
first three years of life.”"

Lactose Intolerance

Clinical Features. The foods most likely to be involved in lactose
intolerance are milk and milk products. An adverse reaction from
lactose ingestion involves only the intestinal tract. Ingestion of large
doses of lactose will cause diarrhea, bloating and flatulence in the
majority of people with lactose malabsorption. However, smaller
amounts of lactose may be tolerated.’

Diagnosis. Breath hydrogen testing is the gold standard in
establishing the diagnosis of lactose intolerance. In this test, lactose
dissolved in water (20% solution) is given orally, generally 2.0 gm/kg
body weight up to a maximum of 50 gm. Breath samples are collected
every 30 minutes for 3-5 hours. The samples are obtained by having
the subject blow up small specially constructed bags that can hold the
breath for an extended period of time. Infants and young toddlers are
generally unable to do this. Their expired air can be collected using a
syringe and a small catheter held at the external nares. Obviously, this
is not always easy to do. The sample is analyzed for hydrogen
concentration in parts per million. A test is considered positive if the
breath hydrogen concentration rises >20 ppm above base-line."®

Therapy. Treatment of lactose intolerance (malabsorption)
involves the restriction of lactose in the diet. The alternative is the use
of a variety of lactose-digestive aids available over the counter.
Overnight incubation of milk with 5 or 15 drops of a liquid lactase
preparation per 240 ml of milk is recommended to produce a 70% or
100% hydrolysis of lactose, respectively. Lactase is also available as a
tablet that can be taken orally with a lactose-containing food. Lastly,
lactose-hydrolyzed milk is commercially available.®
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Letters to the Editor ﬁ

Iron Deficiency and Umbilical Cord Blood Collection

Dear Dr. Zlotkin:

I am writing regarding your recent article on the prevention of
iron deficiency anemia in infants and children, in the In-Touch
newsletter of the Heinz Infant Nutrition Institute (2003 Volume 20,
Number 1, Strategies for the Prevention of Iron Deficiency Anemia in
Infants and Children).

My question is this: For an infant who will be exclusively breast-
fed for the first six months, and subsequently breast-fed but also
supplemented with iron-fortified formula, is immediate umbilical
cord clamping a possible risk factor for the development of iron
deficiency anemia in the infant’s first six months? As you know, cord
blood collection is increasingly in vogue, and requires immediate cord
blood clamping. Assuming that immediate cord clamping is a
possible risk factor for iron deficiency anemia, is there anything the
mother can do in the prenatal period to increase the baby’s iron
stores? Are standard prenatal supplements (which contain 60
mg/day) adequate to build up these stores even in the absence of the
cord blood transfusion at birth? For a parent who did wish to collect
the baby’s cord blood, are there any alternative strategies for
preventing iron deficiency anemia that you might propose?

I hope that I am not imposing on you with these questions, and
eagerly look forward to your reply. Thank you in advance!

Best regards,
Catharine Heddle

Dear Ms. Heddle:

You pose some interesting questions that I am not sure I can
answer completely. But I will try.

The timing of cord clamping does indeed impact on the
endowment of iron the infant would receive. The earlier the cord is
clamped, the less blood (and thus iron) the infant will receive. With
late cord clamping, the infant will receive more blood and thus more
iron. I am really not aware of anything the mother can do to increase
the baby’s iron stores other than to ensure that her (the mother’s) iron
status is normal. By taking more iron during pregnancy than is
needed to maintain the mother’s hemoglobin and to maintain that
needed by the fetus, additional iron will be stored in the mother as
ferritin. I really don't know if the mother taking more than she needs
to maintain her health would affect the baby’s iron stores at birth. I
doubt it. Iwould suggest if you were concerned about the infant’s iron
and hemoglobin status because of early cord clamping and exclusive
breast-feeding that the baby have a blood sample taken at around age
6 months to check the hemoglobin and ferritin levels. If there is a hint
that they are beginning to become low, I would supplement the baby
with iron drops.

I hope this answer is satisfactory.

Stanley Zlotkin, MD, PhD, FRCPC
Professor, Departments of Paediatrics and Nutritional Sciences,
University of Toronto

Opinions expressed In-Touch are those of the authors and do not
necessarily reflect the views of the HINI or the H.J. Heinz Company.

Material from In-Touch may be reproduced without written permission
provided the source is acknowledged. Correspondence is welcome.
Please write to: Heinz Baby Foods, H.J. Heinz Company of Canada,
5700 Yonge Street, Suite 2100, Toronto Ontario M2M 4Ke6.
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professionals by writing us at the address indicated.
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Food Label Reading Guide for Children with Allergies

MILK

1 Caseinate

1 Casein

1 Cheese

] Cottage Cheese
1 Milk solids

1 Nonfat dry milk
1 Whey

EGGS
[0 Albumin

1 Egg (white, yolk,
dried, solids)

[J Macaroni
"] Mayonnaise
[1 Meringue
[ Simplesse®

PEANUTS
(1 Mixed nuts
[1 Peanut butter

SOy

1 Hydrolyzed vegetable

(or plant) protein
[] Lecithin
[] Soy protein
] Tofu

This is not a complete listing. Always check with the food manufacturer for up-to-date information.

TREE NUTS GLUTEN

[0 Almonds 0 All items listed under
(Almond paste) WHEAT plus:

Brazil nuts ] Barley
Cashews [J Buckwheat
Chestnuts [J Oats
Filberts [ Rye
Hazelnuts
Hickory nuts
Marzipan
Nougat
Pecans

Pine nuts
Pistachios

[J Walnuts

Oooooooooood

WHEAT

[ All-purpose flour
[1 Bran

[] Farina

[1 Graham flour

[ Malt

[] Wheat flour

[] Wheat germ

[1 Wheat starch

[J Whole-wheat flour

Introducing Foods to Infants

To minimize problems and to pinpoint food sensitivities easily, follow these
simple guidelines when introducing foods to your infant:

g

O

Introduce an iron-fortified infant rice cereal mixed with breast milk or
formula first because most infants are not allergic to rice and the
fortified cereal is an important iron source.

After rice cereal, other single-grain cereals can be introduced.

Follow cereal introduction by single-ingredient pureed fruits, vegetables,
and meats. The order of introduction isn't critical; the important thing is
to make sure that the foods are single-ingredient at first.

Only one new food should be introduced every 3 days so that any food
sensitivities can be detected easily.

| Heinz Infant Nutrition Institute www.hini.org.




