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How allergenic are hypoallergenic infant formulae?
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Summary

In a comparative study six different protein hydrolysates, marketed as 'hypoallergenic'
infant formulae were investigated by skin prick tests, RAST, RAST inhibition and
titrated provocation tests. Whey hydrolysates containing a high percentage of larger
peptides were found to. have the highest capacity to induce positive skin tests,
provocation tests and. to; bind to human serum IgE antibodies of cow's milk allergic
children. Casein hydrolysates appeared to have the least residual allergenic activity. We
recommend that .'hypoallergenic' formulae should be tested in each case, before being
prescribed to cow's milk sensitive children.
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Introduction

IgE-mediated hypersensitivity reactions to proteins from
cow's milk together with hen's egg allergy represent the
most frequent adverse reactions to food in infancy and
early childhood. According to several studies the cumula-
tive prevalence of cow's milk allergy ranges from 0 3 to
7-5%, The differences reported are probably due to
differences in study design, definitions and the diagnostic
methods used [1-3],

Food allergens leading to specific sensitization have
been demonstrated to be proteins or glycoproteins [4].
More than 40 different proteins from cow's milk giving
rise to the production of IgE-antibodies in atopie subjects
have been identified [5,6]. Major allergens are found in
both the casein- and whey-fraction of cow's milk, where
the most important allergens have been demonstrated to
be a-lactalbumin and ^-lactoglobulin.

In the past other protein sources like soy-protein have
been widely used as a dietary alternative in cow's milk
allergy. Since, however, approximately 10-20% of chil-
dren with immediate hypersensitivity to cow's milk have
been found to be allergic to soy products, the possibility
to reduce the allergenic activity by physico-chemical
methods has offered new therapeutic alternatives. Heat
treatment of cow's milk allergens leads to denaturation
and loss of conformational epitopes, while enzymatic
cleavage may destroy sequential epitopes [7-9], Pasteuri-
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zation has little effect on the allergenic activity of cow's
milk allergens [10],

The commercially available protein hydrolysates,
which are marketed for a dietary therapy of cow's milk
allergy differ considerably with regard to the molecular
weight of their proteins and peptides and consequently to
their residual allergenic activity. There is evidence that in
highly sensitized infants and children hydrolysates mar-
keted as 'hypoallergenic formulae' induce anaphylactic
reactions [11,12], Therefore the aim of the following study
was to determine and compare the residual allergenic
activity of different hydrolysate formulae with regard to
cow's milk sensitized children.

Patients and methods

Patients

Twenty infants and children (5 months-9 5 years) with a
history of immediate reactions to cow's milk (urticaria,
asthma, gastrointestinal symptoms) and elevated serum
IgE antibody concentrations (RAST > 2) to cow's milk
were included in the study.

Hydrolysates

Six different hydrolysates were investigated:

1 Casein Hydrolysate I (Nutramigen, Bristol-Myers)
2 Casein Hydrolysate II (Pregestimil, Bristol-Myers)
3 Whey Hydrolysate I (Alfare, Nestle)
4 Soy-Collagen Hydrolysate (Pregomin, Milupa)
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Fig. 1. Results of skin puncture tests with
whole cow's milk and different
hydrolysates in 17 cow's milk sensitive
children (/* = level of significance in
comparison to whole cow's milk).

5 Whey Hydrolysate II (Beba H.A., Good Start H.A.,
Nestle)

6 Whey Hydrolysate III (experimental, ultraflltrated,
kind gift of Nestle company).

Skin test

Each hydrolysate (14 g) was dissolved in 100 ml of
distilled water. Skin prick-tests were performed with
hydrolysate solution as well as whole cow's milk with a
standard lancet (tip length 1 mm) at the volar side of the
forearm. Mean weal diameters were determined after 10
min. Histamine (1 mg/ml) and isotonic saline served as
positive and negative controls.

Specific Serum IgE

Serum specific IgE-antibody levels of the patients were
determined by Phadebas-RAST (Pharmacia, Freiburg,
Germany) using cow's milk allergen disks and allergen
disks prepared from the different protein hydrolysates
(Allergopharma). The different allergen disks were pro-
duced according to the prescription of Ceska et al. [13]
and Maasch et al. [14]. The extracts were coupled to
CNBr-activated paper disks.

For the preparaton of the allergen disks 2 ^g protein
[15] were used for coupling on each disk. After the
coupling the amount of the protein coupled on each disk
was measured. For the determination of the RAST-
classes a reference serum (Pharmacia) was used. For non-
specific binding the allergen disks were measured with a
non-allergic control pool serum («= 154). 125 J-antihu-
man IgE (Pharmacia) was used as tracer for specific IgE.

RAST inhibition

The IgE-binding activity of all hydrolysates was deter-
mined by RAST-inhibition [16,17] using the sera of the

patients, cow's milk allergen disks and as inhibition
extracts the ones which were prepared from the different
hydrolysates and the cow's milk extract which was used
for the preparation of the cow's milk allergen disks. As
tracer for specific IgE 125-J-antihuman-IgE (Pharmacia)
was used.

Challenge tests

Single blind challenge tests were performed in a titrated
manner after elimination of cow's milk from the diet for
at least one week. One challenge was performed per day.
Patients received increasing amounts of the hydrolysates
1,2, 5,10,20 ml. Challenge with cow's milk was started at
0 2 ml and continued with 0 5, 1, 2, 5, 10 and 20 ml. The
challenge procedure was stopped after clinical symptoms
were observed.

Results

All hydrolysates tested induced significantly smaller
{P<00\) mean weal reactions in sensitized children
compared to whole cow's milk. By means of skin test,
both casein hydrolysates showed the least allergenic
activity. Whey hydrolysates containing a significant
percentage of higher molecular weight peptides were
shown to retain a relatively high residual allergenic
activity. Ultrafiltration of such a whey product results in a
further reduction of allergenic activity (Fig. 1).

Ten serum samples with high specific IgE-antibody
concentrations to cow's milk were used for the detection
of IgE-binding proteins or peptides in the hydrolysates.
Compared to whole cow's milk the IgE-binding capacity
of all six hydrolysates was significantly lower. Within
each hydrolysate there was a wide range of antibody
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Fig. 2. Specific serum IgE antibodies
binding to cow's milk and different
hydrolysates in 10 cow's milk sensitive
children.
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Fig. 3. Total %-RAST-inhibition
measured with cow's milk and different
protein hydrolysates-extracts, using sera
of cow's milk sensitive patients (n= 10)
and cow's milk allergen disks.
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binding capacity between different patient's sera. The
highest IgE-binding was observed in the soy-collagen
hydrolysate followed by whey hydrolysates, while both
casein hydrolysates were demonstrated to have the lowest
IgE-binding capacity in RAST-test (Fig, 2),

Control experiments with a pool serum from non-
allergic donors and all hydrolysate disks showed no
detectable IgE (RAST-class 0), indicating that positive
values could not be attributed to non-specific binding.

There was a positive correlation between the skin test
results and specific serum IgE concentrations to whole
cow's milk (Spearman rank correlation coefficient
/•j = 0-74, P<0-01), Due to the limited number of patients
reacting to the hydrolysates, correlation coefficients could
not be calculated for each hydrolysed formula.

All hydrolysates were able to inhibit IgE-binding to
cow's milk in the RAST-inhibition test, however, to a
lower degree than cow's milk itself. Similar to the
preceding test the soy-collagen and the non ultrafiltrated
whey hydrolysate II showed a relatively high residual
allergenic activity with a total RAST-inhibition of 47%
and 43% respectively, while whey hydrolysate I and the
two casein formulae were found to retain rather little IgE-

binding activity (Fig. 3), UltrafiUration of whey hydroly-
sate II resulted in a significant decrease of the capacity to
inhibit IgE-binding in the RAST-inhibition test.

In eight children with positive challenge tests to whole
cow's milk at the concentrations tested challenge tests
with all six hydrolysates could be performed in a single
blind, titrated manner. Five out of eight children res-
ponded with similar symptoms as induced by whole cow's
milk on challenge with whey hydrolysate II, four of them
also developed symptoms to the ultrafiltrated hydro-
lysate. Whey hydrolysate I induced an immediate reac-
tion in two patients, while only once a perioral urticaria
was observed upon challenge with the soy-collagen
hydrolysate. Both casein hydrolysates were tolerated by
all children without adverse reactions.

Discussion

The commercially available protein hydrolysates, often
labelled 'hypoallergenic', are the results of heat treatment
and/or enzymatic cleavage in order to produce peptides of
minor allergenic activity. As our data indicate, 'hypo-
allergenic' means containing less allergens and not neces-
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sarily 'no detectable allergen'. For dietary use in patients
with cow's milk allergy it is crucial that the allergenic
activity of the formulae is sufficiently low as to give no
clinical reaction. Therefore Sampson [18] recently recom-
mended that all infant formulae promoted as 'hypoaller-
genic' be tested in milk allergic patients to assess their
allergenic potential.

In our study we could demonstrate by means of in vivo
and in vitro methods that especially in whey hydrolysate
II, containing a high percentage of peptides greater than
1500 Da molecular weight (up to 20000 Da), there is a
considerable residual allergenic activity, which may be
responsible for anaphylactic reactions in highly sensitized
children as reported by several authors [11],

The allergenic activity observed in the soy-collagen
hydrolysate could theoretically be explained by a coexist-
ing soy-allergy in some children. Four of our cow's milk
sensitive patients had also elevated serum IgE to soy
proteins as demonstrated by RAST. However, the inhibi-
tion of IgE-binding by this formula in RAST-inhibition
tests cannot be explained by hypersensitivity to soy
proteins, therefore crossreactivity of epitopes on cow's
milk proteins and the peptides present in this hydrolysate
has to be assumed. Our data agree with the results
reported by Strobel et al. [19], indicating that antibodies
raised against a cow's milk formula recognized epitopes
displayed by peptides of hydrolysates including the soy-
collagen hydrolysate.

In our study, whey hydrolysate I is the whey formula
with the peptides of the lowest molecular weight range. In
RAST inhibition the residual allergenic activity was
demonstrated to be very low, while the two other whey
preparations with a higher molecular weight showed a
significantly higher allergenic activity.

Both casein hydrolysates studied in our investigation
showed only very little residual allergenic activity both in
vivo and in vitro. Although IgE-mediated allergic reac-
tions to casein hydrolysates have been occasionally
observed [12], in general, these products are well toler-
ated. Our data are in agreement with the studies of other
authors [18],

Certain protein hydrolysates (whey hydrolysate II) are
marketed as products for the prevention of both food
allergy and atopie symptoms. Recent data from animal
experiments and clinical studies suggest that specific
tolerance might be induced by early feeding with whey
hydrolysates in spite of the presence of relatively large
peptide fragments in this formula. Our study did not
address the question of preventive efficacy of hydrolysate
feeding and was only directed to the allergenic activity of
the hydrolysates as demonstrated in sensitized indi-
viduals.

From our data we conclude that depending on the

protein source, the degree of hydrolysis, heat treatment
and the application of ultrafiltration there may be
considerable differences in allergenic activities between
different 'hypoallergenic' formulae. It will be a challenge
for the food industry in the future to develop hydrolysates
with low molecular weight, low residual allergenic acti-
vity, complete nutritional value and acceptable taste in
the future. We recommend that before a hydrolysate is
introduced in the diet of a sensitized infant or child, its
safety should be carefully tested by either in vivo or in vitro
methods.
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