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Background: Because sensitization to cow’s milk is a common finding in children, the identification of safe alternative protein
sources is important in the management of childhood allergy.

Objective: To evaluate, in an animal model, the allergenicity of a novel formula based on hydrolyzed rice proteins.
Methods: We conducted an experiment involving 130 guinea pigs, from 7 to 12 days old at the onset of the study. The animals

were divided into 13 groups and were given, ad libitum, one of the following liquids to drink: (1) rice hydrolysate formula (RF),
(2) a conventional cow’s milk formula (CMF), or (3) water. After a 37-day sensitization period, a challenge was given, consisting
of an intravenous injection of either isolated proteins or ultracentrifuged formulas (uCMF and uRF). Specific IgG antibodies to
�-lactoglobulin, casein, and whole rice protein were measured by enzyme-linked immunosorbent assay.

Results: When animals fed CMF were challenged with �-lactoglobulin, casein, or whole uCMF, they showed significantly
more reactions than did those fed RF when challenged with the same proteins (P � 0.001). In the groups fed RF, no reaction
was observed after challenge with uRF, and only 2 mild reactions occurred after challenge with rice protein. Very low levels of
specific IgG antibodies to rice protein were noted in all the groups, including the RF-fed animals, and no significant differences
were evident between groups.

Conclusions: The findings in this study suggest that this new formula based on hydrolyzed rice proteins has a very low
sensitizing capability.
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INTRODUCTION
Sensitization to proteins in cow’s milk probably is the most
common food allergy in infancy, ranging in reported fre-
quency from 0.3 to 7.5%.1,2 In recent years, several formulas
have been proposed to prevent or to treat cow’s milk allergy
in children.3 Most of these formulas are produced by protein
hydrolysis of cow’s milk, bovine or porcine collagen, or soy.
Although cow’s milk hydrolysates can be effective in pre-
venting allergic sensitization in children,4–7 detectable levels
of serum IgE antibodies to cow’s milk antigens8–11 and ana-
phylactic reactions12,13 have been reported, even for exten-
sively hydrolyzed formulas.

The residual antigenic activity of “hypoallergenic” infant
formulas can be investigated preclinically by in vitro evalu-
ations, including gel-permeation chromatography, enzyme-
linked immunosorbent assay or radioallergosorbent test inhi-
bition, immunoblotting,14 and in vivo studies in animal
models.15,16 Although results of experiments in animal models
are unlikely to have a direct application to humans, such
studies are required as part of the premarketing evaluation of
allergenicity and immunogenicity of new hypoallergenic in-
fant formulas.17

In this study, we evaluated the allergenicity of a novel
formula based on hydrolyzed rice proteins in a guinea pig
model as a preclinical investigation aimed at determining

whether, ultimately, children allergic to cow’s milk will be
able to consume rice hydrolysate with safety.

MATERIALS AND METHODS
In accordance with a previously validated animal model
developed to test the allergenicity of infant formulas,16,18 130
guinea pigs (Charles River, Milano, Italy), ranging in age
from 7 to 12 days at the beginning of the experiment, were
used. The animals received a regular pellet, certified free of
rice and cow’s milk proteins (Charles River). In addition,
they received, ad libitum, one of the following liquids to
drink for a 37-day period: (1) rice hydrolysate formula (RF;
Plada, Milano, Italy), (2) cow’s milk formula (CMF; Vivena
1, Plada), or (3) water (Table 1). The 130 guinea pigs were
divided into 13 groups of 10 animals each. Supplementation
consisted of CMF in 50 animals, RF in 50, and water in 30.
After the 37-day period of sensitization, when the animals
were 44 to 49 days old, different intravenous challenges were
given for evaluation of whether the animals had developed
specific sensitization to the various formulas they received as
supplements. The challenge consisted of an intravenous in-
jection of 0.5 mL of either isolated proteins casein (Sigma
Chemical, St. Louis, MO) and �-lactoglobulin (Sigma Chem-
ical), at a concentration of 6 mg/mL, or ultracentrifuged
proteins. These were obtained by ultracentrifugation (10,000
g for 5 minutes) of rice proteins (obtained from Plada and
containing rice proteins 71.6%, glucosides 13.1%, lipids
6.9%, minerals 0.9%, and humidity 7.5%) or from ultracen-
trifuged formulas (uCMF and uRF; Table 1). This experi-
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mental design was intended to minimize the number of ani-
mals sacrificed in this study. For this reason, the group that
had received water as a supplement was challenged only with
saline (absolute negative control) and with uCMF and uRF
that were obtained from the whole formulas, therefore repre-
senting the most complete spectrum of proteins contained in
the supplements given to the animals to drink during the
sensitization phase.

The reactions to the challenge were categorized as none,
mild, severe, or fatal and labeled for analysis with a score
ranging from 0 (no reaction) to 3 (fatal reaction).18 Chal-
lenges were performed in a blinded fashion to eliminate
observer bias concerning nonfatal reactions. The National
Institutes of Health guidelines for the care and use of labo-
ratory animals were followed.

Specific anaphylactic reactions (IgG antibodies) to �-lac-
toglobulin, casein, and whole rice protein were measured by
enzyme-linked immunosorbent assay.18 Briefly, 96-well mi-
crotiter plates (Nunc-Immunoplate, Intermed, Denmark) were
coated with a solution of antigen in phosphate-buffered sa-
line, incubated overnight at 4° C, and washed with phos-
phate-buffered saline-Tween 20. Serum samples were added
at 1/10 dilution, incubated for 90 minutes at 37° C, and, after
washing, re-incubated in the same conditions with 1:4000
dilution of rabbit anti-guinea pig monoclonal antibodies
against total IgG, conjugated with peroxidases. Substrate was
added to each well for 30 minutes, and optical density was
read at 465 nm. IgG concentrations were expressed as optical
density (absorbance).19

Between-group comparisons were determined with use of
Student t test for unpaired samples. Bonferroni adjustment
was applied when appropriate.

RESULTS
During the sensitization phase, the animals regularly con-
sumed the supplementation formulas, with no evident differ-
ence between groups. In fact, the residual amounts of liquid
formulas recovered in the dispensers at the time of the daily
care and feeding of the animals were comparable, as were the
solid pellet remaining portions.

Two animals, one in group 11 and one in group 12, died
during the period of sensitization. The results of the in vivo
challenge are summarized in Table 1. A significantly higher
reactivity was observed for animals fed CMF (groups 1, 2,
and 3) than for those fed RF (groups 8, 9, and 10) when
challenged with �-lactoglobulin, casein, or whole uCMF
(P � 0.001). In the groups fed RF, no reaction was noted after
challenge with uRF (group 6), and only 2 mild reactions
occurred after challenge with rice protein (group 7).

CMF-fed animals (groups 1, 2, and 3) challenged with
�-lactoglobulin, casein, or uCMF had significantly more re-
actions than did animals in the water-supplemented control
group challenged with uCMF (group 12; P � 0.001). RF-fed
animals tested with any stimulus (groups 6 through 10) and
CMF-fed animals challenged with uRF or rice proteins
(groups 4 and 5) showed no significant difference compared
with the control group challenged with uRF (group 13).

Figure 1. Levels of specific serum antibodies (IgG) to casein (Cas),
�-lactoglobulin (�-L), and rice expressed as absorbance units (Abs. U.). CM,
cow’s milk.

Table 1. Experimental Design and Results in 130 Guinea Pigs

Factor
Group*

1 2 3 4 5 6 7 8 9 10 11 12 13

Supplement CMF CMF CMF CMF CMF RF RF RF RF RF H2O H2O H2O
Challenge† uCMF Cas �L uRF RP uRF RP uCMF Cas �L Saline uCMF uRF
Reactions

Fatal 8 10 10 0 0 0 0 0 0 0 0 0 0
Severe 2 0 0 0 0 0 0 0 0 0 0 0 0
Mild 0 0 0 0 0 0 2 0 0 0 0 0 0
None 0 0 0 10 10 10 8 10 10 10 9 9 10

Abbreviations: Cas, casein; CMF, cow’s milk formula; �L, �-lactoglobulin; RF, rice hydrolysate formula; RP, rice proteins; uCMF, ultracentrifuged
cow’s milk formula; uRF, ultracentrifuged rice hydrolysate formula.
* Each study group consisted of 10 guinea pigs. Two animals died during sensitization period.
† The challenge consisted of a 0.5-mL intravenous injection; investigators were unaware of which substance was being injected.
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Specific anaphylactic serum levels of IgG antibodies to
�-lactoglobulin, casein, and whole cow’s milk protein are
shown in Figure 1. Animals fed CMF (groups 1 through 5)
showed significantly higher levels of serum specific IgG for
�-lactoglobulin and casein than did animals receiving RF
(groups 6 through 10) and water (groups 11, 12, and 13; P �
0.001). Animals fed RF (groups 6 through 10) failed to show
significantly higher levels of specific IgG antibodies to �-lac-
toglobulin, casein, and whole cow’s milk protein than did
animals receiving water (groups 11, 12, and 13). Very low
levels of specific IgG antibodies to rice protein were observed
in all the groups, including the RF-fed animals, with no
significant difference between groups.

DISCUSSION
The management of children sensitized to cow’s milk protein
necessitates the exclusion of cow’s milk antigens from the
diet. Although soy is widely used as an alternative source of
protein for infant formulas, reactions to soy may occur in 17
to 47% of children sensitized to cow’s milk proteins.20

Formulas based on hydrolyzed milk protein may still have
residual allergenic activity, and cases of anaphylaxis have
been reported in sensitized children who were consuming
hypoallergenic formulas.3 The presence of serum IgE anti-
bodies to fragments of hydrolyzed formulas recovered in
allergic children9 could explain the occurrence of severe
anaphylactic reactions in children receiving extensively hy-
drolyzed formulas.21,22 Small amounts of either residual intact
proteins or peptides retaining antigenic determinants have
been hypothesized to be relevant to the development of such
severe reactions.23 Therefore, the possibility of other protein
sources as alternatives to cow’s milk seems particularly im-
portant in the management of allergic children.

In this study, no fatal reaction occurred in either CMF- or
RF-fed animals when challenged with rice proteins or the
supernatant of RF. Furthermore, significantly higher levels of
�-lactoglobulin and casein were observed in CMF-fed ani-
mals when compared with those given RF, but not in both
RF- and CMF-fed animals as compared with water-supple-
mented controls.

CONCLUSION
The data from this experimental study suggest that this new
infant formula based on hydrolyzed rice proteins has a very
low sensitizing capability. The results of these preclinical
observations cannot be directly extrapolated to humans,11 but
they constitute a positive indication for the extension of this
investigation to a clinical phase focused on evaluation of the
allergenicity of this new formula obtained from hydrolyzed
rice proteins. The clinical phase studies should include dou-
ble-blind, placebo-controlled challenges and they must be
performed in a setting equipped for prompt treatment of any
anaphylactic reactions that may occur.
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14. Restani P, Velonà T, Plebani A, et al. Evaluation by SDS-PAGE
and immunoblotting of residual antigenicity in hydrolysed pro-
tein formulas. Clin Exp Allergy. 1995;25:651–658.

15. Pahud JJ, Monti JC, Jost R. Allergenicity of whey protein: its
modification by tryptic in vitro hydrolysis of the protein. J Pe-
diatr Gastroenterol Nutr. 1985;4:408–413.

16. McLaughlan P, Anderson KJ, Widdowson EM, Coombs RR.
Effect of heat on the anaphylactic-sensitising capacity of cows’
milk, goats’ milk, and various infant formulae fed to guinea-
pigs. Arch Dis Child. 1981;56:165–171.

17. Zeiger RS. Prevention of food allergy in infancy. Ann Allergy.
1990;65:430–442.

18. Piacentini GL, Bertolini A, Spezia E, Piscione T, Boner AL.
Ability of a new infant formula prepared from partially hydro-

VOLUME 91, JULY, 2003 63



lyzed bovine whey to induce anaphylactic sensitization: evalu-
ation in a guinea pig model. Allergy. 1994;49:361–364.

19. Quinti I, Paganelli R, Scala E, Guerra E, Aiuti F. Humoral
response to food antigens. Allergy. 1989;44(Suppl):59–64.

20. Wyllie R. Cow’s milk protein allergy and hypoallergenic for-
mulas. Clin Pediatr. 1996;35:497–500.

21. Lifschitz CH, Hawkins HK, Guerra C, Byrd N. Anaphylactic
shock due to cow’s milk protein hypersensitivity in a breast-fed
infant. J Pediatr Gastroenterol Nutr. 1988;7:141–144.

22. Aggett PJ, Haschke F, Heine W, et al. Comment on antigen-
reduced infant formulae. ESPGAN Committee on Nutrition.
Acta Paediatr. 1993;82:314–319.

23. Plebani A, Restani P, Naselli A, et al. Monoclonal and poly-
clonal antibodies against casein components of cow milk for
evaluation of residual antigenic activity in “hypoallergenic”
infant formulas. Clin Exp Allergy. 1997;27:949–956.

Requests for reprints should be addressed to:
G. L. Piacentini, MD
Dipartimento di Pediatria
Policlinico G. B. Rossi
37134 Verona, Italy
E-mail: giorgio.piacentini@univr.it

64 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY


