
ABSTRACT Soy-protein formulas are widely used for
feeding babies with cow-milk allergy. When they first were
marketed, these formulas were the only available cow-milk
substitute and they ensured a normal life for many children who
were affected by the large spectrum of clinical manifestations of
cow-milk allergy. Soy-protein formulas were also given to
allergy-prone infants for the prevention of atopic diseases when
breast milk was not available. Several researchers studied the
prevalence of soy sensitization in allergic disease. Few studies
used a challenge test for the diagnosis of soy allergy, even those
in patients in whom soy allergy was suspected. In most studies
the diagnosis of soy allergy was based on anecdotal case
histories reported by parents and was not substantiated by
scientific diagnostic criteria: no challenge test to soy was made
nor were data available on specific immunoglobulin E to soy. In
this paper we critically reviewed literature on the safety of
feeding soy-protein formulas to babies with cow-milk allergy as
well as on the prevention of cow-milk allergy. Am J Clin
Nutr 1998;68(suppl):1447S–52S.
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INTRODUCTION

Cow-milk allergy (CMA) induces a large spectrum of clinical
manifestations in infants and children. These manifestations
mainly affect the gastrointestinal tract, skin, and, more rarely, the
respiratory tract (1–4). The severity of the disease varies with a
patient’s age, atopic status, and clinical presentation (4). It was
estimated that CMA occurs in ≤2% of all children in the first 3
y of life (5). In this paper we reviewed the literature on the safety
of soy-protein formulas (SPFs) for feeding babies with CMA as
well as for the prevention of CMA.

BASIC DEFINITIONS OF FOOD ALLERGY–RELATED
TERMS

The incorrect criteria used by many investigators to diagnose
soy allergy as well as the inexact definition of food allergy has
led to confusion about the prevalence of soy allergy in children
and the lack of safety of feeding SPFs to babies with CMA. As a
consequence, a variety of nonspecific symptoms such as vomit-
ing, colic, diarrhea, and irritability were incorrectly identified as

resulting from soy allergy without any objective confirmation.
The correct definition of food allergy is necessary to establish
the prevalence of allergy to a given food and to investigate the
natural history of food allergies.

Food allergy is defined as an adverse reaction to food that is
due to an immunologic mechanism. Several immunologic mech-
anisms have been suggested as being involved in the phenotypic
expression of food allergy; however, only immunoglobulin E
(IgE)-mediated reactions can be routinely investigated (6). No
reliable laboratory test is available for diagnosing CMA or aller-
gies to other foods. Skin-test responses to cow milk or to other
offending foods and detection of food-specific IgE antibodies are
usually positive in children with IgE-mediated food allergy.
Skin-prick tests for foods have a good negative-predictive value
but a rather poor positive-predictive value (7), and tests for
detecting food-specific IgE antibodies have the same limits as do
other skin tests (7–9). A double-blind, placebo-controlled, oral
food challenge is considered the ideal method for definitively
confirming histories of adverse reactions to foods. Although in
clinical practice and in young children an open food challenge is
useful, a double-blind, placebo-controlled, oral food challenge is
imperative for the diagnosis of food allergy both for research
purposes and in clinical trials (7, 10).

To avoid confusion and misunderstanding, the following
terms are defined.

•Allergen is the antigenic molecule that takes part in the
immune reaction that results in allergy.
•Allergenicity is the ability of a given molecule to trigger an
allergic reaction in already sensitized individuals.
•Antigenicity is the ability of a given molecule to promote
antibody synthesis in the non-IgE immune system (IgG, IgA,
and IgM).
•Epitopeis the limited part of the molecule to which the anti-
body (or the lymphocyte receptor) binds.
•Allergenic determinants are epitopes in the IgE system.
•Antigenic determinantsare epitopes in the IgG, IgA, and IgM
systems. Antigenic determinants are usually conformational
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and can easily be destroyed, whereas allergenic determinants
are sequential and therefore more resistant.
•Cross-reactivityis the possible interaction between the bind-
ing site of an antibody and the same allergenic determinant
present in different molecules. All the molecules trigger aller-
gic reactions in patients sensitized to one of these molecules,
even without previous exposure.
•Immunogenicityis the ability of a given molecule to stimu-
late the IgE system.
•Sensitizationis the first induction of an IgE response to an
allergen. 

Because of the peculiarity of the atopic status, a minute dose
of allergen may induce IgE antibody responses in atopic babies
prone to allergic responses, and this dose is effective for sec-
ondary IgE-antibody responses and can trigger severe reactions
in sensitized infants. B and T cells appear to bind conformational
epitopes associated with shapes found on exposed regions of the
folded molecule. However, primary sequences of a few amino
acids comprising a sequential epitope may persist in being rec-
ognizable for T lymphocyte receptors when specific fragments
are presented with appropriate major histocompatibility complex
markers on the surface of antigen-presenting cells (11). This
mechanism may have clinical relevance when hydrolysate for-
mulas are used both for the prevention and the treatment of
CMA. Finally, because primary and secondary prevention of
food allergy is antigen specific, for primary prevention (avoiding
sensitization) or secondary prevention (treatment) of CMA, a
formula without any cow-milk proteins should be given.

NUTRITIONAL ADEQUACY OF SOY-PROTEIN
FORMULAS

The distribution of nutrients in SPFs is quite similar to that
in cow-milk formulas. SPFs and cow-milk formulas contain the
same amount of proteins, lipids derived from vegetables oils,
and carbohydrates in the form of maltodextrins, cornstarch, or
sucrose (12–15). Commercial SPFs differ from one another
most markedly in carbohydrate content. Inclusion of 2 different
carbohydrates (sucrose and corn syrup hydrolysates) affords
the theoretical advantage of maximizing carbohydrate diges-
tion and absorption. All SPFs are lactose free, fortified with L-
methionine, and contain added taurine, carnitine, and iron.

Several clinical studies showed that feeding SPFs to full-
term infants is associated with normal growth, protein nutri-
tional status, and bone mineralization (12, 13, 16). One study
performed in infants exclusively fed SPFs during the first 6 mo
of life showed no immunologic abnormality or increase in
infection morbidity (17) as was reported previously (18). No
differences in the proportion of infants who seroconverted to
oral poliovirus immunization were found between the types of
feeding (17).

ANTIGENICITY AND ALLERGENICITY OF SOY
PROTEIN IN ANIMALS

Animal models have been used to evaluate the antigenicity
and allergenicity of dietary proteins, mainly cow-milk proteins.
The specificity of the systemic immune response induced orally
was determined by screening circulating reaginic antibodies. The
experimental conditions established for oral sensitization to

cow-milk proteins were used to evaluate protein allergenicity of
soy and egg white. On the basis of the results of reagin titration
by passive cutaneous anaphylaxis, egg white was the most sensi-
tizing protein source, followed by whey proteins and cold soy
extract (19). Although in this model only raw soy proteins were
tested, soy proteins appear to be less sensitizing than cow-milk pro-
teins, according to the passive cutaneous anaphylaxis titers (19).

Eastham et al (20) showed that feeding rabbits with SPF
induced a more profound and complete tolerance than that
induced by cow milk. The handling of ingested soy proteins by
the immune system is speculated to result in a hypoallergenic
state caused by either the stimulation of specific suppressor T
cells in Peyer’s patches, the hapten effect of partially digested
protein fragments, or an effector cell blockade resulting from
immune complexes present in slight antigen excess (20). No fatal
anaphylactic reaction was triggered with soy protein in animals
sensitized to SPFs, although anaphylaxis was triggered with
cow-milk protein in all animals sensitized to cow milk (21).

SOY-PROTEIN FORMULA FOR TREATMENT OF COW-
MILK ALLERGY

SPF was first described as a cow-milk substitute in 1909 (22)
but was not used for feeding babies with CMA until 1929 (23).
Since then, SPFs have been widely used for feeding babies with
CMA. These formulas were the only available cow-milk substitute
in 1929, and such products ensured a normal life for many chil-
dren who were affected by the large spectrum of clinical manifes-
tations of CMA (13, 16, 23–27). In addition, SPFs have been given
to genetically atopic, allergy-prone infants for the prevention of
atopic diseases when breast milk was not available (28–39).

More recently, other special formulas derived from the
hydrolysis of cow-milk proteins (extensively and partially) have
become available on the market (40), and a debate on the aller-
genicity of SPFs has been increasing (41–46). However, in all
these studies, the definition of soy allergy was anecdotal and not
based on scientific diagnostic criteria: no challenge to soy was
made, nor were data on IgE specific to soy available.

Bias is further evident in the use of incorrect quotations from
previous studies. Surprisingly, even important position papers
by a prestigious society did not support their recommendation
on the use of SPFs with citations of appropriate studies. In
1983, the position paper of the Committee on Nutrition of the
American Academy of Pediatrics on the use of SPFs concluded
that “Instances when soy-protein formula should not be used
included...in the dietary management of documented clinical
allergic reactions to cow milk protein” (25). In the same paper
the committee stressed that protein hydrolyzed formula is war-
ranted in infants and children with clinical manifestation of
CMA. No references were provided showing that such products
are superior to SPFs in children with CMA.

In 1990, the Committee on Nutrition of the European Soci-
ety for Paediatric Gastroenterology and Nutrition reported that
available data did not support the use of SPFs in infants with
suspected or proven adverse reactions to cow-milk protein (27).
To support this recommendation, the committee should have
referenced studies on CMA. Surprisingly, the committee refer-
enced studies that were not appropriate (32, 47) because these
studies dealt with the use of SPFs for the prevention of atopic
diseases and not with the management of adverse reactions to
cow milk.
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