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We evaluated the immunogenicity and antigenicity of a formula based on
partially hydrolyzed cow's tnilk whey protein in infants at risk of atopy and
in controls. Total IgE and specific IgE, IgG, and IgG4 subclass antibodies
against egg albumin and cow's milk a-lactalbumin, casein, and (3-
lactoglobulin were measured by radioimmunoassay of cord blood and of
peripheral blood at 5 days and 6 months of life in five groups of infants: 16
breast-fed infants at risk of atopy (group 1), 21 partially hydrolyzed whey
fortnula-fed infants at risk of atopy (group 2), 14 formula-fed infants at risk
of atopy (group 3), 10 breast-fed control infants (group 4), and 13 formula-
fed control infants (group 5). Total IgE concentration was significantly lower
in group 2 at 6 months than in groups 3 and 5 itifatits and similar to that
observed in groups 1 and 4 infants. The concetitration of specific antiegg atid
anti-cow's milk protein IgG and of specific anti-cow's milk a-lactalbutnin
and p-lactoglobulin IgG4 subclass antibodies was significantly reduced in
group 2 as compared to group 3 infants and similar to that found in breast-
fed infants. In conclusion, the partially hydrolyzed formula was less
itiimunogenic and atitigenic than a traditional formula and was as
immunogenic and antigenic as breast milk.
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An increased incidence of allergic disorders has
been reported over the last two decades (1): more
than 20% of children are estimated to have allergic
manifestations (eczema, asthma, food intolerance,
rhinitis) at 2 years of age (2), and the cumulative
incidence of atopic symptoms is about 35-40% by
the age of 5 years (3).

Several authors have suggested prevention stra-
tegies based on the early recognition of subjects
at risk and on allergen avoidance, particularly
during the first 6-12 months of life. Tlie early
recognition of infants at risk of atopic disease is
mainly based on a positive family history of atopy
and, to a lesser extent, due to the low sensitivity,
on the measurement of cord-blood IgE concentra-
tion. Allergen-avoidance programs include: pro-
longed exclusive breast-feeding, low-antigen diet in
the lactating woman (4-7), delayed weaning,
avoidance of passive smoking, reduction of expo-
sure to pets and mites, and avoidance of nurseries.

These programs have usually been successful in
reducing or, at least, in retarding the onset of
allergic symptoms.

When the mother cannot breast-feed her itifant,
the use of a special formula is usually suggested
(7-11); however, there is disagreement on which
kind of special formula is best for the prevention
of atopic disorders. Soy-protein formulas have
often been found to cause allergy (12), while
formulas based on extensively hydrolyzed cow's
milk protein have frequently been unsatisfactory
because of their high cost and low palatabihty,
leading to problems of compliance.

Preliminary studies have reported that the less
expensive and more palatable formulas based on
partially hydrolyzed cow's milk protein could be
effective for the prevention of atopic disorders in
high-risk infants (13-17); however, few data are
available on the effects of these formulas on the
immune response.



Material and methods
We evaluated five groups of healthy term infants
consecutively born in our division from September
1993 to April 1994:

1) breast-fed infants at risk of atopy
2) partially hydrolyzed whey formula-fed infants

at risk of atopy
3) formula-fed infants at risk of atopy
4) breast-fed control infants
5) formula-fed control infants.

An infant was considered at risk of atopy if
at least the mother had a positive clinical history
of atopic disease (rhinitis, asthma, eczema, food
intolerance) confirmed by skin tests, challenge test,
or laboratory investigations.

Breast-feeding was strongly encouraged for all
infants. After informed consent was obtained from
the parents, the infants who were considered at
risk of atopy, and who could not be breast-fed,
were randomized (by the sealed-envelope method)
in the first day of life to receive either a tradi-
tional milk formula or the protein hydrolysate
formula.

Tlie following allergen-avoidance program was
suggested for the infants at risk: dietary restriction
(avoidanee of cow's milk and derivatives, fish, eggs,
and peanuts and derivatives) in the lactating
mother, delayed weaning (at 6 months of age),
avoidance of passive smoking, reduction of expo-
sure to pets and mites, and avoidance of nurseries.
In the control infants, the only recommendations
were to delay weaning until after the sixth month
and to avoid passive smoking.

All the infants were closely followed up every 2
weeks for at least 6 months to evaluate compliance
with the feeding regimen, growth and develop-
ment, and onset of symptoms of atopy. The amount
of formula consumed by infants in groups 2, 3, and
5 was reeorded. Otily the itifants who were exclu-
sively breast-fed, special formula-fed, or traditional
formula-fed and who were not exposed to passive
smoking during the first 6 months of life were
included in the study.

Tlie proteins present in the partially hydrolyzed
whey formula (Vivena HA-Primigiorni HA, Plada,
Milan, Italy) used in the present study, as tested
by polyaerylamide gel electrophoresis, were re-
ported to be eotnposed of 36% peptide fractions
with molecular mass <1 kDa, 30% 1-2 kDa, 29%
2-6 kDa, and 5% >6 kDa.
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During routine hematologic investigations, sam-
ples of 1 ml of cord blood and of peripheral blood
at 5 days and 6 tiionths of age were obtained from
all infants for measurement of total IgE and
specific IgE, IgG, and IgG4 subclass antibodies
against egg albumin and cow's milk a-lactalbumin,
casein, and P-lactoglobulin. Blood samples were
centrifuged and sera collected and stored at -20°C
until analysis.

Total IgE, specific IgE, and specific IgG and
IgG4 subclass antibodies were measured by the
Pharmacia CAP System RAST radioimmunoassay
(Pharmacia, Uppsala, Sweden).

Briefly, the principle of the procedure was the
following. The allergen of interest (or anti-IgE
antibodies for total IgE measurement), covalently
coupled to ImmunoCAP reacts with the specific
IgE, IgG, or IgG4 (or total IgE) in the patient
serum specimen. After washing away nonspecific
IgE, IgG, and IgG4, '-''I-labeled antibodies against
IgE, IgG, or IgG4 were added to form a complex.
After incubation, unbound, radioactively labeled
anti-IgE, anti-IgG, or anti-IgG4 was washed away,
and the radioactivity of the bound complex was
measured in a gamma counter. Tlie more radio-
activity bound, the more total IgE or specific IgE,
IgG, or IgG4 is present iti the specitiien. For
classification of test results, counts for patient
samples were compared directly with counts for
standards run in parallel; IgE standards were cali-
brated against the Second International Reference
Preparation 75/502 of hutnan seruni IgE from the
World Health Organization, while IgG and IgG4
were calibrated against a standardized human
serutn pool with a high eontent of IgG or IgG4
antibodies for the reference allergen.

Total and specific IgE values were expressed in
kU/1; the specific IgE RAST was considered positive
with values equal to or greater than 0.35 kU/1.
Specific IgG and IgG4 values were expressed in
percentage of reference response by the following
formula:

tnean counts per minute unknown

X 100/mean counts per tninute reference

Tlie person who measured the antibody concentra-
tion was unaware of the type of feeding or of the
age of the infant frotn whotn the sample had been
obtained.

The study was approved by the ethics committee
of the Hospital of Pavia.

Statistics

Tlie statistical analysis used the two-way analysis of
variance (ANOVA) for repeated tneasures, followed
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by the "post hoc" Newman-Keuls test, to evaluate
differences in antibody concentration among the
five groups of infants at different ages. A P value
>0.05 was considered not significant. All computa-
tions were performed with a commercial statistical
package (STATISTICA for Windows, StatSoft, Inc,
Tulsa, OK, USA).

Results
At the end of the study, the numbers of infants who
met the criteria (the same type of feeding, no
weaning until 6 months, and no exposure to
passive smoking) for inclusion in the five groups
were 16 in group 1 (breast-fed infants at risk of
atopy), 21 in group 2 (special formula-fed infants
at risk of atopy), 14 in group 3 (formula-fed infants
at risk of atopy), 10 in group 4 (breast-fed control
infants), and 13 in group 5 (formula-fed control
infants).

None of the infants had significant feeding prob-
lems or infections; all grew well and developed
normally.

At 6 months, no significant difference was
observed in the amounts of milk consumed by the
formula-fed infants in groups 2, 3, and 5.

Eczema (defined as a pruritic, chronic, or chron-
ically relapsing dermatitis with typical features and
distribution) (18) was observed in four infants of
group 1 and two of group 3.

RAST was positive for milk or egg proteins in
five infants of group 1 (positive for casein in one
patient, P-lactoglobulin in one patient, egg albumin
in two patients, and egg albumin, casein, and a-
lactalbumin in one patient), in one infant of group
2 (positive for egg albumin and a-lactalbumin), in
one infant of group 3 (positive for egg albumin),
in two infants of group 4 (positive for egg albumin
and casein in one patient and casein in another
one), and in three infants of group 5 (positive for
a-lactalbumin, egg albumin, and p-lactoglobuhn) at
6 months of age; only one infant of group 1 was
positive for both RAST and eczema.

The results for total IgE and specific IgG
and IgG4 subclass antibodies serum levels against
egg albumin and cow's milk proteins and the results
of the statistical analysis are reported in Tables
1-9.

No significant differences were observed bet-
ween serum levels of total IgE and specific
immunoglobulins at birth and 5 days. All the
specific immunoglobulins except IgG4 against egg
albumin and cow's milk casein were significantly
increased at 6 months only in group 3. Total IgE
concentration was higher at 6 months in formula-
fed infants, both those at risk of atopy (group 3)
and controls (group 5).

Table 1. Results for specific IgG anfibodies serum levels againsf egg albumin and
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Group 1

Group 2

Group 3

Group 4

Group 5

df effect

Con

Mean

24.7

28.4

25.6

20 2

20 6

MS e e

2.0 4

13

Anti-egg

d blood

SD

16.6

20.5

28.0

Ana

e o

3

-albumin IgG

5 days

Mean

25.2

32.9

26.4

8

0 a a n e

SD

198

27.7

23.8

M e 0

88

74

6 r

Mean

13.6

22.1

52.7

8.9

4.2

F

2 2872

00

nonths

SD

9.5

23.6

55.4

19.9

8.3

P value

0.068672

0.9667

0.00241

days and that of ol

mean square).

p 3 af 6 months

d blood and af 5

Table 2. Results for specific IgG anfibodies serum levels againsf cow's milk

a-lacfalbumin and statistical analysis Specific IgG values are expressed in

percenfage of reference response
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in group 3 at 6 months

Discussion
Piacentini et al. (19) recently reported that the
same partially hydrolyzed milk formula used in the
present study caused less sensitization than a tra-
ditional formula in a guinea-pig model, as demon-
strated by a reduced incidence of severe reactions
to milk proteins after challenge and by lower
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and that of other four groups at 6 months.

production of anti-milk-protein IgG in animals fed
the partially hydrolyzed milk formula.

In the present study, we evaluated five groups of
infants with or without a positive family history of
atopic disease who were exclusively fed only one
kind of milk (maternal, partially hydrolyzed milk
formula, or traditional milk formula) during the
first 6 months of life. We observed that the partially

Table 6. Resulfs for specific lgG4 antibodies serum levels agains

a-lacfalbumin and sfatisfical analysis. Specific lgG4 values are

percenfage of reference response
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s significanfly higher ( P = 0 . 0 1 | fhan fhaf of SE

hydrolyzed milk formula was less immunogenic
than the traditional milk formula and as immuno-
genic as breast milk; in fact, total IgE concentration
was significantly lower in group 2 at 6 months than
in groups 3 and 5 and similar to that observed in
groups 1 and 4.

Furthermore, we observed reduced antigenicity of
the partially hydrolyzed milk formula; in fact, the
production of specific IgG antiegg and anti-cow's
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Reduced immunogenicity can be considered a
potentially favorable effect, as several reports have
correlated high IgE serum levels with the appear-
ance of symptoms of atopy (18); on the other hand,
it is not clear whether the reduced antigenicity
of the partially hydrolyzed milk formula can be
regarded as a positive, negative, or clinically un-
importance effect; in fact, both IgG and IgG4
subclass specific antibodies have been involved
either in the induction of tolerance of food anti-

^ 2 136 To ii.i me 42 i:6 gens or in the pathogenesis of allergic reactions
Group 3 14.9 17.4 10.4 10.7 18.6 15.9 ( 2 0 - 2 4 ) .

Group 4 3.8 2.2 3.2 1.7 4.1 1.3 As for clinical efficacy, the partially liydrolyzed
Group 5 7 0 7.9 5 3 5.9 5 7 3.7 j^ j j ]^ f o r m u l a s C a n n o t b e u s e d in c h i l d r e n w h o a r e

already allergic to cow's milk; however, preliminary
studies have reported that these formulas may have
a beneficial effect in reducing or delaying the onset
of symptoms of atopy. In a double-blind study,
Chandra et al. (14) observed a significantly reduced
cutnulative incidence of atopic eczema and recur-
rent wheezing until 18 months of age in infants at
risk of atopy who were fed a partially hydrolyzed

or within groups. whey formula; these results have b e e n recently con-
firmed after a 5-year follow-up (13). In a double-
bhnd study, Vandenplas et al. (16) observed that

milk proteins and of speeific anti-cow's milk a- feeding a partially hydrolyzed whey formula during
lactalbumin and P-lactoglobulin IgG4 subclass anti- the first 6 months of life to high-risk infants
bodies was reduced in group 2 infants at 6 months, decreased the incidence of atopic disease up to the
as compared to group 3 infants, and was similar to age of 12 months. Similar results were obtained by
that found in breast-fed infants. Tlie traditional Willems et al. (17) and, in an open study, by Marini
cow's milk formula was more immunogenic both et al. (15) in infants followed up to 3 years of age.
in infants at risk of atopy and in controls, and more The controversy on antigen-reduced infant for-
antigenic only in infants at risk of atopy mulas has been animated in the literature, with the
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participation of international comtnittees and single
researchers (25-30). The above-mentioned prelim-
inary clinical studies have been criticized because
of lack of stringent inclusion and diagnostic criteria
(25, 30). Moreover, Ragno et al. (31) reported a
45% incidence of allergic reactions in infants with
severe cow's milk allergy challenged with a par-
tially hydrolyzed whey formula. Therefore, some
authors have discouraged the use of the partially
hydrolyzed formulas in favor of the extensively
hydrolyzed formulas and have suggested that the
term "hypoallergenic" should not be used for these
special formulas, in accordance with the American
Academy of Pediatrics guidelines (26, 27). On the
other hand, other authors believe that, for the
prevention of atopic manifestations, the partially
hydrolyzed formulas should be preferred to the
extensively hydrolyzed formulas because the former
are more palatable, cost less, and have more dur-
able effects (4).

In conclusion, our study showed that an infant
formula obtained by partially hydrolyzed cow's
milk whey was less immunogenic and antigenic
than a traditional cow's milk formula, and no more
immunogenic and antigenic than breast milk. Large,
clinical, double-blind, placebo-controlled studies
are necessary to verify the preventive effect on the
onset of symptoms of allergy of partially hydro-
lyzed formulas in infants at very high risk of atopy
who cannot be breast-fed, and to evaluate the cost/
effectiveness ratio of this preventive measure.
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