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Cow’s milk allergy affects 2% to 3% of
infants in unselected cohorts.1,2 Possi-
ble alternatives are soy formulas, exten-
sively hydrolyzed protein formulas, or
in some cases, amino acid–based formu-
las. Soy formulas are cheaper and often
more palatable than extensively hy-
drolyzed formulas or amino acid formu-
las. The energy content of soy formulas
and extensively hydrolyzed formulas is
similar, and both meet the nutritional
requirements of infants. Healthy infants
who are fed with a soy formula are re-
ported to grow as well as infants who
are fed a cow’s milk–based formula.3

Because of potential sensitization to
soy proteins, extensively hydrolyzed
formulas are often used instead of soy
formulas. Intolerance to soy has been
reported to occur in 10% to 35% of in-
fants with cow’s milk allergy.4-6 Recent-
ly, the prevalence of soy allergy in
children with IgE-associated cow’s milk
allergy was shown to be 14%.7 Howev-
er, in children with non–IgE-associated
cow’s milk allergy, the occurrence of in-
tolerance to soy has been shown to be
more common, and extensively hy-
drolyzed formulas have been recom-
mended for these patients.8 However,
no prospective, controlled trials have in-
vestigated the incidence of adverse re-
actions or allergy to soy formulas in
infants with cow’s milk allergy. We
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Objectives: We conducted a prospective, randomized study to evaluate the
cumulative incidence of allergy or other adverse reactions to soy formula and
to extensively hydrolyzed formula up to the age of 2 years in infants with con-
firmed cow’s milk allergy.

Study design: Infants (n = 170) with documented cow’s milk allergy were
randomly assigned to receive either a soy formula or an extensively hy-
drolyzed formula. If it was suspected that the formula caused symptoms, a
double-blind, placebo-controlled challenge (DBPCFC) with the formula was
performed. The children were followed to the age of 2 years, and soy-specific
immunoglobulin E antibodies were measured at the time of diagnosis and at
the ages of 1 and 2 years.

Results: An adverse reaction to the formula was confirmed by challenge in 8
patients (10%; 95% confidence interval, 4.4%-18.8%) randomly assigned to soy
formula and in 2 patients (2.2%; 95% confidence interval, 0.3% to 7.8%) ran-
domly assigned to extensively hydrolyzed formula. Adverse reactions to soy
were similar in IgE-associated and non–IgE-associated cow’s milk allergy (11%
and 9%, respectively). IgE to soy was detected in only 2 infants with an adverse
reaction to soy. Adverse reactions to soy formula were more common in
younger (<6 months) than in older (6 to 12 months) infants (5 of 20 vs 3 of 60,
respectively, P = .01).

Conclusions: Soy formula was well tolerated by most infants with IgE-
associated and non–IgE-associated cow’s milk allergy. Development of 
IgE-associated allergy to soy was rare. Soy formula can be recommended 
as a first-choice alternative for infants ≥6 months of age with cow’s milk 
allergy. (J Pediatr 2002;140:219-24)
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therefore conducted a prospective
study in which infants with IgE-
associated or non–IgE-associated cow’s
milk allergy were randomly assigned to
either a soy formula or an extensively
hydrolyzed cow’s milk–based formula.
We investigated the development of ad-
verse reactions to soy or extensively hy-
drolyzed formula during the first 2
years of life and the emergence of IgE
antibodies to soy after use of a soy for-
mula in infants with cow’s milk allergy.

MATERIAL AND
METHODS

Patients

The study comprised 170 children
with cow’s milk allergy (99 boys and 71
girls); the mean age at the time of diag-
nosis was 7 months (range, 2-11
months).

Diagnosis of Cow’s Milk Allergy
Cow’s milk allergy was diagnosed by

means of double-blind, placebo-con-
trolled food challenge (DBPCFC) in all
the patients except in 4 patients with 
a history of an anaphylactic reaction,
who showed positive IgE antibodies to
cow’s milk. Details of study patients and
the DBPCFC have been reported earli-
er.9 Briefly, the milk challenge was car-
ried out with a mixture of cow’s
milk–based formula and extensively hy-
drolyzed formula (1:1). Extensively
hydrolyzed formula was used as a
placebo. Placebo and the milk formula

were given in randomized order in the
hospital out-patient department in grad-
ually increasing amounts, starting from
a drop of the formula up to the normal
daily dose or until an adverse reaction
occurred. Positive reactions occurring
within 2 hours of the last challenge dose
in hospital were classified as immediate
reactions. If no symptoms occurred, the
cow’s milk formula was continued at
home ad libidum for 5 days, and the par-
ents kept a diary of the symptoms. Later
reactions within 5 days were classified
as delayed reactions.

Random Assignment to Study
Formulas

Infants were randomly assigned to
receive either an extensively hy-
drolyzed formula (90 infants; Peptidi-
Tutteli, Valio Ltd, Valio, Finland) or a
soy protein–based formula (80 
infants; SoijaTutteli, Valio Ltd) ac-
cording to a computer-generated ran-
domization list (Table I). The
randomization was blocked in blocks
of 4 and was stratified according to
center (3 centers) and age (0-2
months, 3-5 months, 6-8 months, and
9-11 months) to obtain an even age
distribution for both formula groups.

The infants were supplied free of
charge with the randomized formula to
be used ad libidum to the age of 2 years.
During the first year, the use of soy pro-
tein (other than the study formula) 
and egg products, fish, citrus fruit,
peanuts, peas, tomatoes, strawberries,
and chocolate was avoided in the infants.

Challenge With the Study
Formula

When it was suspected that the study
formula caused symptoms, a DBPCFC
was performed by using both the 
extensively hydrolyzed formula (Pep-
tidiTutteli, Valio Ltd) and the soy pro-
tein–based formula (SoijaTutteli, Valio
Ltd). The suspected formula was elim-
inated from the diet and replaced by
the other study formula (extensively
hydrolyzed formula or soy formula).
The parents were not told which for-
mula was used as a study formula and
which formulas were used in the chal-
lenges. If both formulas were suspect-
ed of causing symptoms or if the child
refused to drink them, the infant was
switched to an amino acid formula
(Neocate, SHS, Liverpool, United
Kingdom).

Positive reactions occurring within 2
hours of the last challenge dose in the
hospital were classified as immediate re-
actions and later reactions were classi-
fied as delayed reactions. Delayed
challenge results were further classified
into 3 categories: positive, doubtful, and
negative. A challenge reaction was con-
sidered positive when symptoms oc-
curred during the active challenge but
not during the placebo challenge. A
challenge reaction was considered
doubtful when some symptoms also oc-
curred during the placebo challenge
and the difference between the chal-
lenges was not clear or symptoms were
subjective (restlessness, crying, etc).
The challenge was considered negative
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Table I. Characteristics of infants randomly assigned to either soy formula or extensively hydrolyzed whey formula

SF (n = 80) EHF (n = 90)

Sex (m/f) 49/31 50/40
Age, mo (mean ± SD) 7.1 ± 2.4 6.9 ± 2.1
Immediate/delayed CMA 41/39 59/31
SPT with CM (≥3 mm; %) 38 37
IgE abs to CM (≥0.35 kU/L; %) 37 34
Atopic eczema (%) 52 64
Gastrointestinal symptoms (%) 19 28

SF, Soy formula; EHF, extensively hydrolyzed whey formula; SPT, skin prick test; CM, cow’s milk; CMA, cow’s milk allergy.
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when there was no difference between
the active and the placebo challenge pe-
riods. The results of the delayed chal-
lenges were classified independently by
5 pediatric allergists, and if the allergists
disagreed, the classification shared by
the majority was chosen.

When a positive challenge reaction
was observed with one of the study for-
mulas, the code of the challenge formu-
la was broken. The formula was
discontinued and the family was offered
the alternative of continuing with the
study to the age of 2 years, using a for-
mula tolerated by the infant. If the chal-
lenge was negative, the randomized
formula was continued as before.

Skin Prick Test
A skin prick test was carried out in all

the children on the volar aspect of the
forearms (duplicate tests) with cow’s
milk–based formula (milk powder dilut-
ed to normal feeding concentration),
the extensively hydrolyzed formula
(PeptidiTutteli), the soy protein–based
formula (SoijaTutteli), a negative con-
trol, and 10 mg/mL histamine hy-
drochloride. The results are expressed
as the mean wheal diameter in millime-

ters. The test was performed at the time
of diagnosis of cow’s milk allergy and at
the ages of 12 and 24 months.

Specific Immunoglobulin E
Antibodies

Immunoglobulin E (IgE) antibodies to
cow’s milk and soy protein were deter-
mined by means of the Pharmacia CAP
System RAST RIA (Pharmacia, Upp-
sala, Sweden), according to the manu-
facturer’s instructions. The cutoff level
for the presence of IgE antibodies was
0.35 kU/L. The test was performed at
the time of diagnosis of cow’s milk aller-
gy and at the ages of 12 and 24 months.

Statistical Analyses
The primary outcome was the inci-

dence of adverse reactions to soy and
extensively hydrolyzed formulas in
patients with cow’s milk allergy, as de-
termined by DBPCFC. The 95% con-
fidence intervals (CI) for incidences
were calculated by using the exact bi-
nomial distribution. Risk ratios (RR)
were calculated to compare soy for-
mula with extensively hydrolyzed for-
mula. A χ2 test for categoric variables
was used for statistical analyses.

Ethical Considerations
Written informed consent was ob-

tained from all parents. The study was
approved by the ethics committee of
each of the participating hospitals.

RESULTS

The parents suspected adverse reac-
tions to the study formula significantly
more often in infants randomly assigned
to the soy formula than in infants ran-
domly assigned to the extensively hy-
drolyzed formula (28%; 95% CI,
18-39% vs 11%; 95% CI, 5-19%, re-
spectively; RR, 2.48; P = .006).

In the soy formula group, an ad-
verse reaction to soy formula was
confirmed in the DBPCFC in 6 pa-
tients, 3 of whom had an immediate
challenge reaction, whereas 3 had a
delayed reaction (Table II). A further
2 infants reacted immediately at the
first introduction of study formula,
and the parents refused any further
challenges. The code was broken, and
the formula was proven to be soy in
both cases; these were considered as
probable adverse reactions to the soy
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Table II. Characteristics of the patients with a positive challenge with a study formula 

Age* Type of Symptoms caused Challenge reaction Soy-specific 
Patient No. Sex in months CMA† by study formula (type, symptoms) IgE‡ (kU/L)

1 Male 5 IgE- urt Immediate, urt ≤0.35
2 Male 11 IgE+ urt, ery Immediate, urt, ery 25.7
3 Female 8 IgE+ ae, gi Immediate, ery ≤0.35
4 Male 5 IgE- ae Immediate, ery ≤0.35
5 Male 5 IgE+ urt Immediate, urt 0.63
6 Male 6 IgE- gi, restlessness Delayed, gi, restlessness ≤0.35
7§ Female 6 IgE+ ae Delayed, ae ≤0.35
8 Female 9 IgE- gi Delayed, gi ≤0.35
9 Female 7 IgE- ery Immediate, ery ≤0.35

10 Female 7 IgE+ urt Immediate, urt ≤0.35

EHF, Extensively hydrolyzed whey formula; SF, soy protein–based formula; ae, atopic eczema; urt, urticaria; ery, erythema, gi, gastrointestinal symp-
toms.
Patients 1 through 8 received SF; patients 9 and 10 received EHF.
*Age at the time randomized formula started.
†CMA, cow’s milk allergy; IgE+ = IgE = skin prick test ≥3 mm and/or IgE to cow’s milk ≥0.35 kU/L; IgE– = skin prick test ≤3 mm and/or IgE to cow’s
milk ≤0.35 kU/L.
‡Soy-specific IgE measured at the age of 12 months.
§Only patient 7 had a formula prick test reaction (3 mm).
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formula, even though a DBPCFC
was not performed.

In the group receiving the extensively
hydrolyzed formula, an adverse reac-
tion to the study formula was confirmed
in 2 infants, both of whom had an im-
mediate DBPCFC reaction.

However, the cumulative incidence 
of adverse reactions confirmed by
DBPCFC was low both for the soy for-
mula and for the extensively hydrolyzed
formula. Adverse reactions were more
often confirmed with soy than with the
extensively hydrolyzed formula (10%;
95% CI, 4.4-18.8% vs 2.2%; 95% CI,
0.3-7.8%, respectively; RR, 4.50; 
P = .031; Figure).

In 18 cases, symptoms during the
study formula challenges were subjec-
tive and not clearly different between
the study and the control formulas, so
that the challenge result remained
doubtful (14 of these with soy and 4
with extensively hydrolyzed formula).
None of these doubtful reactions in-
cluded an immediate reaction or severe
symptoms.

Of the 5 patients with an immediate
reaction to soy formula, only 2 had de-
tectable IgE antibodies to soy, and none
had a positive skin prick test result with
the soy formula. Of the 14 patients with

a doubtful challenge reaction to soy,
IgE antibodies to soy were detected in
one, and no positive skin prick test 
reactions to soy were observed (Table
III).

Before random assignment, 19 of 155
(12%) patients from whom serum was
available for analyses had IgE antibod-
ies (≥0.35 kU/L) to soy (Table IV). Of
those, 8 were randomly assigned to the
soy formula and 11 to the extensively
hydrolyzed formula. Four patients with
IgE antibodies to soy who were ran-
domly assigned to the soy formula were
suspected of having symptoms from the
soy formula. Soy allergy was confirmed
by DBPCFC in two. Hence, adverse re-
actions to soy were confirmed in 2 of 8
patients who before random assignment
had positive IgE antibodies to soy.

During the 2-year follow-up, infants
randomly assigned to soy formula more
frequently had IgE antibodies (≥0.35
kU/L) to soy than those randomly as-
signed to the extensively hydrolyzed
formula (20% vs 16%, respectively),
but the difference was not statistically
significant (Table IV).

Of the 80 infants randomly assigned
to the soy formula, 46 (58%) had IgE
antibodies (≥0.35 kU/L) to cow’s milk
or a positive (≥3 mm) skin prick test re-

action with the cow’s milk formula. The
rest of the children had no signs of IgE-
associated cow’s milk allergy. Adverse
reactions to soy were suspected in 12 of
46 (26%) of infants with IgE-associated
cow’s milk allergy and in 13 of 34 (38%)
of non–IgE-associated cow’s milk aller-
gy (P = .25). Adverse reactions to soy
were confirmed by challenge in 5 of 46
(11%) infants with IgE-associated
cow’s milk allergy and in 3 of 34 (9%)
infants with non–IgE-associated cow’s
milk allergy (P = .76).

Twenty of 80 children randomly as-
signed to the soy formula were <6
months old at the time of random as-
signment. Adverse reactions to soy
formula were suspected by parents in
8 of 20 (40%) of infants compared
with 16 of 60 (27%) of infants who
were randomly assigned at the age 6
months and older (P = .26). Adverse
reactions were confirmed by chal-
lenge in 5 of 20 (25%) of the younger
infants and in 3 of 60 (5%) of the
older infants (P = .01).

DISCUSSION

This randomized, prospective study
evaluated the usability of soy formula
compared with extensively hydrolyzed
formula in infants with cow’s milk aller-
gy. Most infants with cow’s milk allergy
tolerated soy formula, and IgE-associ-
ated allergy to soy rarely developed.
Adverse reactions to soy were not more
common in infants with non–IgE-asso-
ciated cow’s milk allergy compared with
infants with IgE-associated cow’s milk
allergy. We did not, however, have in-
fants in this study with severe gastroin-
testinal symptoms (enterocolitis or
enteropathy), so the results cannot be
applied to such patients with non–IgE-
associated cow’s milk allergy.

We found evidence for the hypothesis
that adverse reactions to soy are more
common in younger patients with cow’s
milk allergy. However, there were few
patients <6 months of age, and conclu-
sions for young infants with cow’s milk
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Figure. Flow chart of the study shows number of suspected and confirmed adverse reactions to
soy and extensively hydrolyzed whey formulas in infants with cow’s milk allergy.
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allergy should be approached with cau-
tion.

The drawback of our study is the
great number of doubtful delayed reac-
tions in DBPCFCs. In these cases, we
could not totally exclude mild intoler-
ance to the study formula. The parents
were reluctant to repeat long drawn-out
DBPCFCs, because their infants were
usually doing well with the formula
given instead of the study formula. To
confirm or exclude formula intolerance,
these patients would have needed 2
more sets of DBPCFCs,10,11 which
would have been intolerable to the par-
ents and time-consuming for the inves-
tigators. If all of the infants with
doubtful DBPCFC reactions had true
intolerance to soy, the cumulative inci-
dence of adverse reactions to soy in in-
fants with cow’s milk allergy could be as
high as 28%.

Documentation of slowly evolving re-
actions to food proteins is a major chal-
lenge to pediatric allergists both in
clinical practice and in research when
they conduct DBPCFCs over pro-

longed periods. It is proposed that 
patients should be followed for 48 hours
for late–phase reactions such as atopic
eczema.12 Sampson suggests that non–
IgE-associated gastrointestinal symp-
toms may require observation periods
up to 3 or 4 days.13 There is no agree-
ment as how to quantify symptoms such
as distressed behavior and gastrointesti-
nal symptoms such as vomiting and di-
arrhea.12,14 In our study, the long
challenge period of 5 days and the
recording of subjective symptoms as
challenge end points have probably in-
creased the number of doubtful chal-
lenge reactions.

During the first 2 years, the parents
were not informed which formula was
given to their child if adverse reactions
to the formula were not suspected. In
these cases, the basis of the formula was
told to the parents after the challenges.
However, parents might be familiar
with the differences between soy for-
mulas and extensively hydrolyzed for-
mulas and might have guessed which
formula the infant was given. Since the

aim of the study was to study the aller-
genicity of soy formulas in infants with
cow’s milk allergy, it might be possible
that parents who thought that their
child was receiving a soy formula would
more often suspect symptoms. Parents
of 46 infants were asked if they guessed
which formula (soy or extensively hy-
drolyzed formula) was being given to
the child. Only 62% of the parents
guessed right. It is not likely, therefore,
that this would have biased study re-
sults.

Most infants with immediate or de-
layed reactions to soy formula had neg-
ative skin prick test with the soy
formula and also undetectable IgE anti-
bodies to soy. Thus, negative allergy
tests with soy do not reliably exclude
true intolerance to soy. The discrepancy
between the soy formula prick test and
the IgE measurement in the 2 infants
with immediate reactions was probably
because of various antigen materials
used in these tests. The amount of pro-
tein in the soy formula might be too low
for diagnostic purposes. It also remains
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Table III. Skin prick test with soy and soy-specific IgE in infants randomly assigned to soy protein formula

Challenge reaction n Skin prick test >3 mm Soy-specific IgE (>0.35 kU/L)

Immediate 5 0/5 2/5
Delayed 3 1/3 0/3
Doubtful 14 0/14 1/14
Tolerant 58 0/58 11/58
Total 80 1/80 14/80

Patients with suspected intolerance to soy formula were challenged with the formula in a double-blind test; challenge results were considered as imme-
diate (<2 hours after the last challenge dose), delayed, or doubtful reactions.

Table IV. Number of infants with positive soy-specific IgE test result (≥0.35 kU/L) and positive soy skin prick test reaction (≥3
mm) in patients from different formula-feeding groups before random assignment and at the ages of 12 months and 24 months

Soy formula, n (%) EHF formula, n (%)

Positive soy skin prick test Before randomization 1/78 (1.3) 0/88 (0)
(>3 mm) 12 mo 0/76 (0) 1/85 (1.2)

24 mo 0/73 (0) 2/79 (2.5)
Positive soy specific IgE Before randomization 8/73 (11.0) 11/82 (13.4)

(>0.35 kU/L) 12 mo 15/75 (20.0) 13/82 (15.9)
24 mo 15/76 (19.7) 12/81 (14.8)

EHF, extensively hydrolyzed whey formula.
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uncertain whether enzymatic activity
could somehow enhance the allergenic
activity of soy proteins in the gastroin-
testinal tract.

Low levels (0.35 to 1.0 kU/L) of soy-
specific IgE were frequently found both
in children fed with the soy formula and
those fed with the extensively hy-
drolyzed formula. As reported earli-
er,7,15,16 only a minority of patients with
positive soy-specific IgE had any symp-
toms or a suspicion of soy allergy. In a
prospective study in which healthy in-
fants were receiving breast milk, cow’s
milk–based formula, or a soy-based for-
mula, soy-specific IgE antibodies were
found in only 0.5% of the infants,
whereas IgE antibodies to cow’s milk
were found in 1.8%.17 In our study,
most infants with low (<1 kU/L) soy-
specific IgE tolerated soy formula with-
out any symptoms. The nonspecific
nature of low levels of IgE antibodies to
soy is also shown in the relatively great
number (13%) of children who already
had IgE to soy before the randomiza-
tion. Thus, in some cases, IgE to soy
may also reflect only a cross-reaction
with other legumes without indicating
specific clinical symptoms to soy.

This study showed that >70% of in-
fants with cow’s milk allergy tolerate
soy formula without any symptoms and
that 10% of infants with cow’s milk al-
lergy have adverse reactions to soy for-
mula. Severe allergic reactions or
development of IgE-mediated allergy to
soy are uncommon in infants with cow’s
milk allergy. This study, like that of
Zeiger et al,7 shows that soy formula
may be considered as a first-choice al-
ternative formula in infants with cow’s
milk allergy, with the exception, per-

haps, of young infants (aged <6
months). The greater palatability and
lower cost of soy formulas further in-
creases their usefulness.
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