Anaphylaxis to cow’s milk and beef meat

proteins
Philippe A. Eigenmann, MD

Objective: This report summarizes a review of anaphylactic reactions to cow’s milk and beef presented at a recent conference
on adverse reactions to bovine proteins.

Data Sources: A review of pertinent PubMed (National Library of Medicine) articles was performed. Relevant publications
were critically analyzed.

Study Selection: The expert opinion of the author was used to select the relevant data for the review.

Results: Although cow’s milk has been recognized for many years as one of the leading causes of food allergy, beef has only
recently been identified as a cause of immunoglobulin (Ig)E-mediated reactions. Epidemiologic data indicate that the prevalence of
cow’s milk allergy is approximately 1 to 2%, but no definite data are available for beef allergy. Anaphylaxis to both foods has been
well characterized in childhood; however, a subset of adult patients may become reactive to cow’s milk and have the characteristic
features of anaphylaxis. The diagnosis is primarily based on skin prick tests and measurement of cow’s milk- or beef-specific IgE
antibodies. In selected patients, a standardized food challenge might be necessary to determine the diagnosis.

Conclusions: In the absence of a proactive treatment of food allergy, patients with anaphylaxis to cow’s milk or beef must
be instructed to avoid these foods in their diet. Although cow’s milk allergy generally is associated with a good prognosis, with
most young children spontaneously “outgrowing” the disease, current research is focusing on the prevention and the treatment

of this condition.

EPIDEMIOLOGIC DATA

Allergic reactions to cow’s milk have been reported for many
years. Although numerous food allergens have been identified
over the years, cow’s milk remains the first suspected nutrient
when a young child has an adverse reaction to a food. Several
epidemiologic studies have been designed to determine the prev-
alence of adverse reactions to cow’s milk. The frequency of
cow’s milk allergy and cow’s milk intolerance has been esti-
mated to range from 1 to 7.5% in westernized countries.'-
Nevertheless, the perceived prevalence of reactions to cow’s
milk is much higher than the actual number of cases.

In a prospective study of 480 children up to 3 years of life,
BockS found that 133 (28%) had symptoms attributed to the
consumption of foods. Only 8% of these patients, however,
had confirmed reactions reproduced by a double-blind, pla-
cebo-controlled food challenge (DBPCFC). Among the initial
study population, 72 children had symptoms suspected to be
provoked by milk, but symptoms could not be reproduced in
47 (65.3%) of them. In 14 (19.4%) of the 72 children, the
clinical manifestations were probably attributable to cow’s
milk, and milk was confirmed as the allergy trigger in only 11
(15.3%). Beef was not mentioned as a potential allergen in
this study population.

In another prospective study, Hgst and Halken’ conducted
a 3-year followup of 1,749 newborns for symptoms of cow’s
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milk allergy. The diagnosis was proven in 39 infants (2.2%),
of whom two-thirds had cutaneous symptoms and one-third
had respiratory symptoms. Further, although most allergic
symptoms to cow’s milk appear early during life, they com-
monly disappear before the child begins school.

In contrast to cow’s milk, beef might be an underestimated
culprit in food allergies. Among 184 children with atopy,
Fiocchi et al® reported a clinical response during open chal-
lenges with beef in 12 patients (6.5%). In a study including
113 patients with atopic dermatitis and food allergy, only two
cases (1.8%) could be confirmed by a DBPCFC.? In a study
of children with atopic dermatitis and cow’s milk allergy,
Werfel et al'? reported positive results to a beef challenge in
20%. Apparently, cow’s milk can be the sole food allergy in
a patient, whereas sensitivity to beef is most frequently en-
countered in patients with multiple food allergies.

Collectively, these studies suggest that anaphylaxis to beef
might be suspected primarily in patients already allergic to
cow’s milk who may react after consumption of partially
cooked beef meat. Current studies, however, do not support
the elimination of well-cooked beef from the diet of children
with cow’s milk allergy. The implication of beef in food
allergy remains marginal in comparison to other major cul-
prits in food allergies, such as eggs or peanuts.

ANAPHYLACTIC REACTIONS

Anaphylaxis can be defined as a life-threatening condition
resulting from mast cell degranulation. It is often associated
with hypersensitivity to foods. Its estimated prevalence varies
widely but might be between 3.2 and 360 events in a popu-
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lation of 100,000 per year.'''? Although peanuts and other
nuts are often mentioned as foods leading to potentially fatal
anaphylactic reactions, milk has been identified in several
reports of food-induced fatalities.

In a recent study, Bock et al'! described 32 patients with a
fatal reaction to foods, including a 3-year-old girl who re-
ceived a lunch containing milk at a daycare facility. Although
she was known as allergic to milk, the symptoms progressed
rapidly to death. Earlier, Sampson et al'* reported another
series of 13 patients with fatal or near-fatal anaphylactic
reactions to foods; in this group a 9-year-old girl had a
near-fatal reaction induced by milk. Relevantly, asthma is
consistently considered a major risk factor for severe anaphy-
lactic reactions to foods (Table 1).

Recently, my colleagues and 1'* conducted an Internet-
based survey on anaphylactic reactions to foods. The patients
who participated were recontacted and questioned about the
- circumstances of the food-induced reactions. Among a total
of 51 reactions, milk was mentioned by 12 responders
(23.5%). Most of the reactions to milk (75%) had occurred at
home, at school, in a daycare setting, or in a hospital. These
sites would be expected to be easily secured by the provision
of adequate instructions to daycare or school employees or by
appropriate food handling by the parents. Of note, two pa-
tients had reactions during a hospital stay after being given
milk or milk-containing products despite clear instructions to
the hospital staff by the parents. Therefore, milk should be
considered a food potentially leading to a substantial number
of anaphylactic reactions, and special care should be exer-
cised with milk-allergic patients.

Although allergies to cow’s milk are usually seen in small
children, they have also been reported in adult patients. These
symptoms tend to be less frequent in this age group, and they
tend to persist longer. Because such symptoms do not always
suggest IgE-mediated reactions, they might be misdiagnosed
for years. Stoger and Wuthrich'® characterized 34 adult pa-
tients who were allergic to milk and cheese. In most patients,
the diagnosis had been made during their early adult years,
and they all had positive results of skin tests with or without
associated positive CAP radioallergosorbent tests (Pharma-
cia, Uppsala, Sweden). Most frequently, respiratory prob-
lems, rashes, and gastrointestinal symptoms were encoun-
tered. Adult patients seem to be more reactive to casein than
to other milk proteins. Thus far, reactivity to beef has not
been reported among adult patients.

Table 1. Major Risk Factors for Severe Anaphylactic Reactions to
Foods

History of asthma

History of previous severe anaphylactic reactions

Delay in administration of epinephrine

Noncompliance with restriction diet

Adolescence "

Lack of instructions to childcare or school employees for
management of potential anaphylactic reactions

Self-management of anaphylactic reactions

RESPONSIBLE ANTIGENS

Antigens responsible for IgE-mediated reactivity to cow’s
milk have been well defined in the literature. Among the
major allergens in cow’s milk, several investigators have
identified and characterized a-lactalbumin (14.2 kDa), B-
lactoglobulin (18.3 kDa), various caseins (between 20 and
30 kDa), and bovine serum albumin (BSA) (approximately
67 kDa)."” ‘

BSA has also been identified as one of the major beef
allergens. Werfel et al'’ characterized 11 children with atopic
dermatitis who had hypersensitivity to beef, 8 of whom were
also sensitive to milk. Among these 11 patients, 3 tolerated
beef in a DBPCFC but reacted after ingestion of less weli-
cooked beef. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis of raw beef disclosed several bands corre-
sponding to proteins and among them a band at 67 kDa
corresponding to BSA. After the beef extract was heated for
2 hours at 85° C, this band disappeared. Thus, BSA seems to
be a common beef and cow’s milk allergen, provoking aller-
gic reactions to raw beef in children with cow’s milk allergy.
Additional allergens in beef other than the band at §7 kDa
corresponding to BSA were identified at 200 kDa and 60 kDa
on immunoblots.'8

PROBLEMS WITH AN ELIMINATION DIET
One of the major problems for patients with anaphylactic
reactions to certain foods is the presence of unlabeled com-
ponents of food allergens in processed foods.!® Patients with
reactions to cow’s milk (or their parents) are instructed to
read labels and to avoid foods with labels indicating the
presence of not only cow’s milk but also of ingredients such
as casein, whey, natural flavoring, or caramel. Nevertheless,
items labeled as safe, such as kosher “dairy-free” foods,
might contain a small amount of milk and thus provoke
reactions.? Similarly, foods generally considered as safe,
such as sorbet, may contain trace amounts of milk and lead to
allergic reactions.?! '
Processing of food may also unexpectedly involve milk
protein. As an example, casein might be used in the process-
ing of salmon.? Thus, total elimination of dietary offending
agents is a challenge. Potentially severe anaphylactic reac-
tions can be prevented only by careful scrutiny and anticipa-
tion of possible pitfalls in the daily consumption of foods.

DIAGNOSTIC PROCEDURES

The diagnosis of anaphylactic reactions to cow’s milk and
beef is based on tests for detection of IgE-mediated reactions
to foods. Skin prick tests (SPTs) are the first-line diagnostic
procedures. Although this technique might be easy to use in
most patients, the interpretation might lead to false-positive
results.

In 1977, Bock et al®® reported that 3-mm or larger wheal
reactions indicate a strong likelihood of clinical hypersensi-
tivity to foods. The accuracy of SPTs was reevaluated for
measurement by three different methods—interpreting as
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positive a wheal greater than 3 mm, measuring the wheal by
surface area, or determining the mean wheal diameter.2* For
milk, SPTs were found to be discriminatory with a positive
cutoff level of =5 mm or 29 mm2 No interpretation method
was found to be superior to another. Sporik et al* found that
a wheal diameter >8 mm was always associated with a
positive food challenge.

Recent studies showed that the addition of atopy patch tests
increased the sensitivity of SPTs in the diagnosis of IgE-
mediated food allergy, especially in patients with atopic derma-
titis.26=28 Milk specific IgE concentrations can also be measured
to predict the presence of ailergy. In patients with atopic der-
matitis, a prospective study showed an excellent performance of
the Pharmacia CAP System fluorescence enzyme immunoassay
for predicting clinical reactivity with values >15 kU, /L.»
Nonetheless, false-positive and, in a lower number, false-
negative test results might still lead to an erroneous diagnosis;
thus,” a DBPCFC is considered the gold standard diagnostic
technique for any food hypersensitivity.™ This procedure, how-
ever, is contraindicated if the patient previously had severe
anaphylactic reactions to the suspected food.

Overall, either SPTs or specific IgE studies might be used
first for the diagnosis of anaphylaxis to cow’s milk or beef
meat. In most cases, a definite diagnosis will rely on a
positive test result in conjunction with a suggestive history. In
only a few patients will a standardized food challenge need to
be implemented to determine the diagnosis.

PATIENT PROGNOSIS

Several investigators have noted that patients with cow’s milk
hypersensitivity have a good prognosis, in that the clinical
sensitivity disappears in most of them. Hgst and Halken’
reported recovery from cow’s milk allergy in 56% of children
by 1 year of age, in 77% by 2 years of age, and in 87% by 3
years of age. The natural history of beef allergy, however, is
less well defined.

Several studies have been designed to identify predictors of
the outcome of milk allergy. In children whose milk sensi-
tivity disappeared, James and Sampson® found a decreased
ratio of casein-specific IgE/IgG, and IgE/IgG4. In a group of
patients with persisting cow’s milk allergy beyond 9 years of
age, the concentration of milk and casein-specific IgE was
higher in comparison to that in a group of children who
achieved tolerance of cow’s milk before the age of 3 years.
Other works have attempted to identify specific binding
epitopes in an effort to predict the outcome of milk allergy.
Different IgE-binding epitopes on B-casein and on k-casein
were recognized in serum samples from patients with persis-
tent milk allergy but not in samples from patients who
achieved milk tolerance.

These studies suggest that high levels of specific IgE to
casein and the presence of antibodies to"specific epitopes of
caseins predispose to prolonged sensitivity to milk. In the
future, in vitro tests to identify patients at risk for prolonged
hypersensitivity to cow’s milk might be available.

§

VOLUME 89, DECEMBER, 2002

Table 2. Potential Treatments for IgE-Mediated Reactions to Foods

Systemic immunotherapy with modified allergens

Peptide immunotherapy

Oral immunotherapy with effective immunogenic vectors

DNA vaccines

Immunotherapy with Th1/Th3 or Tr1-promoting vectors coupled to
antigens

Cytokine modulation

Blocking of homing receptors or chemokine receptors by specific
antibodies

Pharmacotherapy with immunomodulating agents

Genetic modification of allergenic foods

FUTURE PERSPECTIVES

Although a proactive cure of food allergy is not yet available,
studies are currently attempting to characterize the pathogen-
esis of food allergy more completely and to identify potential
strategies for the treatment of food allergy (Table 2). A
murine model of IgE-mediated cow’s milk allergy has re-
cently been established.™ Young C3H/HeJ mice are sensi-
tized by gastric administration of cow’s milk plus cholera
toxin as a mucosal adjuvant. The presence of sensitization
can be determined by high levels of specific IgE to cow’s
milk as well as by T cell reactivity in gut-associated mucosal
structures. After oral challenges with cow’s milk, these mice
have anaphylactic symptoms similar to those observed in
humans. Recently, my associates and I** adapted this model
to investigate the tolerogenic effect of carrageenan, a high-
molecular-weight polysaccharide. Mice treated with carra-
geenan before oral sensitization had no clinical reaction on
challenge to cow’s milk. Further, the reactivity of mesenteric
lymph node and spleen cells was significantly decreased in
carrageenan-pretreated mice. This mouse model of anaphy-
laxis to food might facilitate future identification of proactive
therapeutic options for food allergy.

Cow’s milk and, more recently, beef proteins are known
culprits for food-induced anaphylaxis. Symptoms can lead to
severe, and even life-threatening, reactions. Thus far, such
reactions can be prevented only by careful avoidance of food
containing these proteins, a caution that should be empha-
sized to the patients and their parents. Because current studies
are attempting to find a cure for anaphylactic food allergy,
effective treatment might be available in the near future.
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