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Cow’s milk allergy affects 2.2-2.8% children,
mainly in their first year (1, 2). In view of the
particular nutritional needs of the infants in their
first year of life, if they cannot be breast fed they
should be provided with a substitute of cow’s
milk protein formula. Ideally, this substitute
should have all the characteristics of maternal
breast milk: it should be of adequate nutritional
value, have a pleasant taste and be hypoaller-
genic, hypoimmunogenic and inexpensive. At
present, the hypoallergenic casein or whey
protein formulas derived from extensive cow
milk protein hydrolysis are preferred. However,
they have some disadvantages, such as a bitter
taste and a high cost. Moreover, they carry a risk
of cross-reactions that can occur in highly
sensitive patients due to residual peptides (3-5).
In clinical practice, alternative protein sources
from vegetable proteins such as soy, animal
proteins, milk from different mammalian species
or amino acid mixtures are employed. The safe
use of these substitutes in infants who are allergic
to cow’s milk should comply with the criteria
used for hypoallergenic formulas: they should be
tolerated by 90% of infants who are allergic to
cow’s milk, with a 95% confidence limit (6).

Vegetable proteins: soy

The main source of vegetable proteins is soy,
which belongs to the leguminous family and is
widely used in the East, also to feed infants.
Although soy milk was first proposed as a
substitute for cow’s milk in 1909, soy formula
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was not used until 1929 (7, 8).The main economic
and nutritional advantage of the soy bean
depends upon its rich content of protein (40%)
and fat (20%). Several commercial formulas (first
generation) became available. They were based
on fat-free soy flour which, however, has draw-
backs. It has an unpleasant caramel-like colour
and nutty taste, and causes carbohydrate intol-
erance with flatulence and foul-smelling stools
from indigestible carbohydrates, such as sta-
chyose, vitamin (A, K and B;,) and mineral
deficiencies (calcium, zinc). It, moreover, has a
high content of goitrogens and trypsin inhibitors.

Nutritional adequacy

A second-generation soybean formula developed
in the 1960s was based on a soy protein isolate of
at least 90% protein. The biological quality of soy
protein isolates ranges from 65% to 85% that of
casein and the protein level of soy formula is
somewhat higher than that of cow’s milk
formula, at 19-22 g/l. The addition of L-
methionine, however, improves the quality of
the protein, making it comparable to that of
casein, thus lowering the protein content of soy
formulas. Infants fed on soy-fortified methionine
formulas with a protein level of 15-16 g/l have
been found to have a nitrogen balance and
plasma amino acid concentrations closer to those
of breast-fed infants (9). The soy isolate was also
supplemented with L-carnitine and taurine to
provide a protein content of 2.45-3.1 g/100 Kcal
or 1.65-2.1 g/100 Kcal. The fat contained in soy
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formulas is a mixture of vegetable oil, and the
carbohydrates contained consist of maltodex-
trins, corn starch or sucrose. The presence of two
different carbohydrates, sucrose and corn syrup
hydrolysates confer the advantage of optimising
carbohydrate digestion and absorption as well as
calcium absorption. All soy protein formulas are
lactose free (9). However, the presence of phytic
acid in soy and vegetable protein sources initially
gave rise to concern regarding the nutritional
bioavailability and plasma concentration of
minerals such as zinc, iron, calcium, magnesium
and copper.

Phytic acid contains six negatively charged
groups able to bind strongly with divalent
cations. Human beings can neither absorb nor
digest phytate because of the absence of the
enzyme phytate in their digestive tract. Thanks to
a process used to remove phytate by precipitation
or enzymatic methods, it is now possible to
manufacture low phytate soy formulas for which
zinc and calcium absorption is similar to that
occurring with cow’s milk formula. To ensure
calcium requirement an intake of soy formula
greater than 500 ml/day should be provided (11).

As soy formulas contain 40-80 times more iron
than breast milk they incur no risk of iron
deficiency, irrespective of the low bioavailability
of iron from soy protein. Moreover, infants fed
on soy formulas have copper serum levels within
the normal range. In fact, several clinical studies
on the nutritional features of soy formulas given
to full-term infants have shown normal growth,
adequate protein nutritional status and normal
bone mineralisation (9-12). Furthermore, no
immunological abnormality or increase in infec-
tion morbidity was found in infants fed exclu-
sively on soy formulas for 6 months, as reported
previously (13, 25).

Some problems have been yet to be solved:
first, the effect of the high concentration of
aluminium in soy formulas derived from the
mineral salts used in producing the formula. The
only study that, to our knowledge, has been
performed to investigate this aspect, failed to
show alterations in plasma aluminium concen-
trations in soy formula-fed infants compared to
breast-fed infants at 3 months of life. The toxicity
of aluminium, however, is higher in infants with a
reduced renal function as occurs in preterm
infants and in children with chronic renal failure
(14, 15).

Not much is known concerning the toxicity of
high levels of manganese: 200-300 mcg compared
with 50-100 mcg in cow’s milk and 3-8 mcg in
human breast milk. In particular, an evaluation
should be made of any long-term effects it may
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have on the central nervous system later in life,
affecting for example behavioural or learning
abilities (9). Last, but not least, a more careful
evaluation should be made of the role of
physiologically active substances such as phyto-
oestrogens (isoflavones) (16, 17).

To our knowledge, there is no controlled
study in literature addressing the long-term
effects of early exposure to the high content of
phyto-oestrogens in soy formula-fed infants.
Moreover, soy-based formulas do not contain
long chain polyunsaturated fatty acids and
nucleotides. However, although commercially
available soy formulas are generally nutrition-
ally adequate, they should not be used in
preterm infants and further efforts should be
made to make them more similar to breast milk
and also to establish the clinical importance of
the different components present in vegetable
protein sources. Finally, nutritional deficiencies
may arise from the use of soy-based milks
bought in health food stores because they are
not checked for their composition of calcium,
vitamins and energy. They are therefore unsui-
table for children.

Allergenicity and antigenicity

Soy protein is immunogenic and allergenic, but
not to the same extent as cow’s milk (18). In
experimental studies, in a passive cutaneous
anaphylaxis animal model, soy proteins appear
to be less sensitising than cow’s milk proteins
(19), and nor is a fatal anaphylactic reaction
found to be triggered by soy protein in animals
sensitised to soy proteins. On the other hand,
anaphylaxis is triggered by cow’s milk protein
in all animals sensitised to cow’s milk (20).

The main soy allergens consist of 7S and 11S
globulinic fractions containing conglycinin and
glycinin. The IgE binding epitope on a seed
vacuole protein (P34) identified as Glyn Bd
30 KD is a major soybean allergen in children
with soy allergy. The trypsin inhibitor, 80-90% of
which is removed by the heat applied to prepare
the formula, is a minor allergen (21).

Eastham studied extensively the antigenicity
of soy formulas. In one of his studies, involving
25 infants fed on casein hydrolysate, cow’s milk
formulas or soy formulas, circulating antibodies
developed in all infants with an initial rapid
increase at 3 months, with a slight, or no,
further increase thereafter (22). The author
therefore concluded that soy-based formulas
were at least as antigenic as cow’s milk
formulas. Nevertheless, in another of his
studies, feeding rabbits with soy formulas led



to a more profound and complete low zone
tolerance than feeding with cow’s milk (23).
Tolerance was found to develop at ““fairly critical”
small doses (i.e. low zone) in healthy intestinal
mucosa. However, it is observed that in cases of
cow’s milk enteropathy or following gastro-
enteritis mucosal permeability is increased, due
to tissue damage, and the author suggests that
an amount of antigen in excess of that required
to maintain tolerance may reach the Peyer
patches.

Epidemiology and clinical picture

The above findings may explain the variations in
the allergenic features of soy described in
different clinical studies. There are differences
in methodology for patient selection, diagnostic
criteria and duration of clinical trials, some of
which are retrospective and others prospective.
Moreover, most studies fail to perform double-
blind placebo-controlled food challenges, and
this could contribute greatly to the discrepancies
between prevalence of soy allergy reported so far
(24, 25).

A low prevalence (1.1%) of soy allergy
evaluated on the basis of the outcome of oral
challenges was reported recently in atopic chil-
dren (26) and (0.3%) in a population-based study
by Young et al. in the United Kingdom (27). In a
selected population of children with food allergy
and atopic dermatitis the prevalence was 4-5%
(28, 29) and up to 7% in children with cow’s milk
allergy (30).

More recently, in a cohort of 93 infants and
toddlers with IgE associated cow’s milk allergy
documented by double-blind placebo-controlled
food challenge or with a convincing history of
anaphylaxis to cow’s milk, Zeiger et al. found
that concomitant soy allergy occurred in 14% of
cases, and concluded that a small minority of
children with IgE-mediated cow’s milk allergy
can also have soy allergy (31).

Higher frequencies (30-50%) for soy reactions
are reported in cases of non-IgE-mediated
enterocolitis and of enteropathy syndromes (31,
32). Soy protein can, in fact, induce enteropathy
in young children with villous atrophy similar to
that caused by cow’s milk protein intolerance (32,
33).The clinical manifestations of soy allergy
range from local symptoms (cutaneous and/or
gastrointestinal) to systemic reactions. However,
anaphylaxis is rarely described, only two cases
being reported in the literature (34, 35). The
recently reported cases of a peanut co-allergy
incurring anaphylactic reactions calls for caution,
and further confirmation is required (36). Despite
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the homology of the protein sequences in peanuts
and soybeans (37), clinical studies conducted so
far have shown that peanut allergic patients could
safely eat other legumes and that very few
patients who were highly sensitive to peanuts
had any reactions to soy. If they did have a
reaction, it was usually extremely mild.

The natural history of soy allergy is also in
contrast with any finding of a peanut co-allergy
and mainly of anaphylactic reactions. The great
majority of patients with a soy allergy, unlike
those with a peanut allergy, achieve tolerance at
the age of 3 (1, 38), or 2 years after a positive oral
challenge (39).

Diagnosis of soy allergy

The identification of in vivo and in vitro specific
IgE antibodies for soy is not a reliable indicator
of clinical reactivity (40). In a cohort of 93 cow’s
milk allergic patients, the skin prick test revealed
a sensitivity of 69.2%, a specificity of 83.3%, a
positive predictive capacity of 40.9% and a
negative predictive capacity of 94.2% (31).

Furthermore, in one study aimed finding
whether there is a correlation between food
specific IgE concentrations and the risk of a
positive challenge, the specificity of soy-specific
IgE determined by RASTCAP-FEIA was too
low, and never attained a predictive value of
90%: it was 50% at 65 KUx/l (31), nor is IgE
specific for soy detectable in non-IgE-mediated
enteropathies. The challenge test is therefore
indispensable for a diagnosis of soy allergy (31,
40).

Prevention of atopy

Randomised prospective studies on infants fed
with soy formulas, especially those from atopic
families, showed that soy protein had no greater
preventive effect against the development of
atopy in infancy than cow’s milk formulas (41—
43), consistent with its immunogenic and aller-
genic features (22). Nevertheless, in none of these
studies were the soy allergy referred symptoms
confirmed by double-blind placebo-controlled
food challenge (24).

A controlled prospective cohort study on high-
risk newborns randomised and masked to soy or
cow’s milk with a challenge-confirmed diagnosis
is therefore required to clarify this issue, also in
view of the changing figures on the prevalence of
soy allergy in food allergic children (31).
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Proteins from animal sources

Milks from different mammalian species have
been proposed as an alternative substitute for
cow’s milk for cases in which soy or an
extensively hydrolised formula cannot be used,
either because of allergic reactions or because of a
refusal to drink them due to their unpleasant
taste. Goat’s milk (GM), marketed in many
countries, is considered by the general public to
be a safe alternative for children allergic to cow’s
milk (CM). However, some clinical studies have
found a high cross-allergenicity between goat’s
milk proteins and cow’s milk proteins. Studies
using the ELISA and ELISA inhibiting assays in
children with cow’s milk allergy have shown that
the alpha-casein proteins in cow, goat and sheep
milks are highly cross-reactive (47). One recent
study evaluated the allergenicity of goat’s milk in
children with cow’s milk allergy by double-blind
placebo-controlled food challenge and cross-
inhibition immunoblotting with either CM or
GM milk-derived proteins (48). At skin test, all
the 26 cow’s milk allergic children were positive
for both CM and GM, and 24 of 26 were positive
at double-blind placebo-controlled food chal-
lenge for GM.

The amount of GM eliciting a reaction after
challenge was significantly greater than that for
CM, thus confirming the finding of the lower
concentration of cross-reacting allergens in GM
determined by cross-inhibition immunoblotting.
These data are consistent with findings made in a
previous study on weaning rats, in which 100% of
cow’s milk sensitised rats reacted to GM (49). In
their study on in vitro cross-reactivities between
milk proteins from different animal species,
Restani et al. (50) confirmed that the IgE
antibodies of cow’s milk allergic children can
recognise milk proteins from other mammals (e.g.
ewe, goat, buffalo). Interestingly, no reactivity to
camel’s milk was found, probably because of a
lack of homologous epitopic areas.

These findings support the recommendation
that goat’s milk should not be given to children
with cow’s milk allergy, especially those with a
high sensitivity, who are at a greater risk of
anaphylactic reactions; they also provide some
insight for further research on proteins from
mammalian milks which, like camel milk, are
phylogenetically different from cow’s milk.

Mare's milk

Mare’s milk, which is being increasingly pre-
scribed as an ‘“‘alternative’ in the management of
adverse reactions to foods, is characterised by its

low protein content (1.3 g-2.8 100 ml of cow’s
milk), richness in whey proteins (35-50%),
pleasant taste due its high lactose content, a
calcium/phosphorus ratio of 1.7, and an unsatur-
ated:saturated fatty acids ratio of 1.32 (against
0.43 for cow’s milk). Its composition is thus more
similar to that of human milk than is cow’s milk
(51).

An TItalian group (52) recently performed a
controlled study on the tolerance of mare’s milk
in cow’s milk allergic children. The authors
selected a group of 17 children with high
sensitivity to cow’s milk proteins and found
that only one of the 17 children reacted to the
double-blind challenge with mare’s milk. This
child was also the only one found to be positive at
the skin test with mare’s milk. The finding made
in vivo that 96% of children allergic to cow’s milk
tolerated mare’s milk was confirmed by the IgE
binding at the cross-inhibition immunoblotting.
Moreover, lacono et al. reported a highly
satisfactory clinical response to ass milk in nine
infants with severe gastrointestinal symptoms
(53).

Equidae milk might therefore be modified for
use as a safe and adequate substitute for cow’s
milk for the nutrition of cow’s milk allergic
human infants.

Elemental diet

Rarely, patients with severe IgE mediated cow’s
milk allergy or multiple food allergies and cow’s
milk enterocolitis syndrome react to extensively
hydrolised protein formulas. An elemental diet is
therefore suggested for these patients. Mixtures
of amino acids currently on the European
market consist of nutritionally complete for-
mulas, with carbohydrates (maltodextrins), fat
(hybrid sunflower oil, soy oil and refined coconut
oil), vitamins, minerals and trace elements.

In studies on an elemental infant formula using
sensitive in vitro methods (ELISA-immuno-
blotting) no proteins were detected. The hypo-
allergenicity of this formula has been confirmed
by in vivo studies with DBPCFC and it was
proposed as placebo in the oral challenge (54).
Furthermore, breast-fed children with multiple
food allergies have grown up on elemental for-
mula after stopping breast feeding (55).

At present, because of their high cost (twofold
that of an extensively hydrolysed protein for-
mula) and low palatability, elemental formulas
should be prescribed only to children with such a
high sensitivity to cow’s milk proteins that they
are even allergic to the hydrolysate.



Conclusions

In the literature there is wide debate on the use
and misuse of soy formulas (56). Attempts are
now being made to formulate rational criteria for
the selection of patients for whom soy formulas
would be well tolerated and safe. This search
should be facilitated by deeper insight that is now
being gained on the features of soy allergenic
epitopes, and by making a more reliable assess-
ment of the prevalence of soy allergy both in
general and selected populations of children with
food allergy, and also by the finding that there is a
close correlation between soy allergy and food-
linked gastrointestinal disorders. The need for a
modality to deal with this problem was pointed
out in a recent position paper by the American
Academy of Pediatrics. It was, in fact, suggested
that “soy formulas although not hypoallergenic
can be fed to infants with IgE-mediated cow’s
milk allergy, particularly after the age of 6
months. Soy formulas are not recommended for
the treatment of infants with cow’s milk non IgE-
associated enterocolitis and enteropathies” (57).
Furthermore, we are now able to identify the
immunogenic profile of milks from mammals
other than cows: this can be achieved by using
in vitro (immunoblotting and cross-inhibition
immunoblotting) as well as in vivo (skin test
and double-blind placebo-controlled food chal-
lenge) methods. This step forward should enable
us to select milks that do not share homologous
epitopes with cow’s milk proteins and conse-
quently to identify the milk most suitable for each
food-allergic infant.

Moreover, thanks to newly available techno-
logical processes, it might become possible to
transform the milk-type chosen into a hypoaller-
genic formula, thus avoiding new sensitisations.
It now therefore appears reasonable to assume
that, in the near future, we will be able to tailor a
cow’s milk formula substitute for each child
allergic to cow’s milk.
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