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ABSTRACT

The object of this study was to determine the al-
lergenicity of goat milk (GM) and cow milk (CM) and
that of their respective lactosera (GML and CML),
by in vivo and in vitro assays. Two systemic tests for
anaphylaxis were carried out in guinea pigs, the ani-
mals being sensitized orally with the 2 types of milk
and lactosera. Sera were taken from the orbital sinus of
the experimental animals at 0 and 22 d of the experi-
ment to perform the serological study and the passive
cutaneous anaphylaxis test. For the latter, the guinea
pigs were sensitized passively with antibodies against
the 4 antigen solutions. Enzyme-linked immunosor-
bent assay and Western blot were used to determine
the specific antibodies of the isotypes immunoglobulin
G1 and immunoglobulin G(Fc) developed against the
same 4 antigen solutions. From these anaphylaxis and
antibody-production tests, it was concluded that GM is
hypoallergenic when compared with CM. The lactosera
produced more closely grouped results, with values
always below those of the corresponding milk. None of
the proteins in the 4 immunizing solutions were identi-
fied as being their main allergen. These results show
the hypoallergenicity of GM versus CM, and also that
both casein and lactoserum proteins may be respon-
sible for allergy in each case. To analyze the possibility
of producing an innocuous food for those allergic to
milk proteins, it would be of interest to identify the
epitope(s) responsible for such allergenicity.
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INTRODUCTION

Cow milk protein allergy (CMPA) is a common dis-
order in childhood. As observed by Park (1994), most
children under 3 yr of age have circulating antibodies
against milk protein, and in Western countries, up to
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7% of these children produce an allergenic symptom
against milk protein.

The first description of a milk allergy was made by F.
Hamburger (1901; Wien. Klin. Wochenschr. 49:1202),
as cited in Saperstein (1974), who detected a severe
reaction in a boy given cow milk (CM). Today, it is
well known that the proteins in CM, in certain circum-
stances, are responsible for hypersensitivity reactions,
not only in infants, but also among children and adults.
The most common alternatives to CM are soy milk and
hydrolyzed formula. However, there is evidence that
10 to 40% of children with CMPA cannot tolerate soy
products (Bishop et al., 1990). Moreover, although for-
mulas based on hydrolyzed proteins from CM are usu-
ally well tolerated by children and infants, the process
may give rise to new antigen peptides (Halken et al.,
1993), producing other problems (Stanley and Bannon,
2003).

Another alternative, for cases in which CMPA is
observed, is to replace CM with goat milk (GM). A
report by the European Commission in 1991 recom-
mended the use of this milk for children having a risk
of allergies, as well as for those who are hypersensitive
to protein in the diet. Allergy to GM has been reported
only rarely and, in general, is ascribed to adulteration of
GM with CM. Park (1994) highlighted the importance
of this possibility for patients with CMPA, recommend-
ing it on the grounds that, in his opinion, tolerance is
practically 100% among such patients. Restani (2004)
observed that GM seems to be less allergenic than CM,
but also cited various cases in which people of different
ages had suffered an allergic reaction after consuming
either GM or products derived from it.

On the basis of experiments carried out on guinea
pigs, Bevilacqua et al. (2001) drew attention to the
need to take into account the high degree of genetic
polymorphism among goats, in relation to the content
of ag;-CN in GM. According to these authors, GM
should be considered hypoallergenic with respect to
CM only when low levels of ag-CN are present. How-
ever, Lara-Villoslada et al. (2004) performed studies of
atopy in mice, sensitizing the animals with whole GM,
with no type of restriction on its composition, and CM.
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Table 1. Protein fraction composition (g/100 g of total protein) of goat milk (GM), cow milk (CM), goat milk

lactoserum (GML), and cow milk lactoserum (CML)

Item GM CM GML CML
Total CN 81.7 82.0

Total lactoserum proteins 18.3 18.0 100.0 100.0
ag-CN 16.9 32.6

ag-CN 11.5 8.5 —
3-CN 474 30.2

k-CN 5.9 10.7 —
Serum albumin 2.3 1.5 12.6 8.3
a-LA 5.5 6.4 30.0 35.4
B3-LG 10.5 10.1 57.4 56.3

The results obtained suggest that GM is hypoallergenic
compared with CM.

Taking into account this background, the object of
this study was to determine whether GM could be an
alternative to CM in cases where CMPA occurs and
whether this allergenicity is caused by CN or by lac-
toserum proteins. No study has previously been pub-
lished describing a comparative analysis, using both in
vivo and in vitro assays, of allergenicity to whole GM
and CM and their respective lactosera. A further aim
is to identify the target molecules against which the
antibodies are aimed.

MATERIALS AND METHODS
Milk and Lactoserum Proteins

The GM was derived from Granadina goats and the
CM from Holstein-Friesian cows. Lactosera were pre-
pared from skim milk. Goat milk lactoserum (GML)
was prepared by isoelectric precipitation at pH 4.1 (Re-
cio et al., 1997) and cow milk lactoserum (CML) by
precipitation at pH 4.6 (Van Hekken and Thompson,
1992). Table 1 shows the fractional composition of the
GM and CM used, and the corresponding lactosera, as
determined by the near-infrared spectroscopy method-
ology (Burns and Ciurczak, 2001; Gémez-Ruiz et al.,
2004). For all the solutions, the protein concentration
was determined by the bicinchonic acid method, obtain-
ing aliquots that were subsequently stored at —80°C un-
til required. The polypeptide pattern of these solutions
was obtained by SDS electrophoresis on polyacrylamide
gels stained with Coomassie R-250 blue (Bio-Rad Labo-
ratories, Hercules, CA). Six micrograms of protein per
lane from each solution was used, the proteins being
separated in 17% reducing SDS polyacrylamide gels. A
previously stained molecular weight marker (Bio-Rad)
was included in the first lane. The second lane was
reserved for goat 3-CN isolated by HPLC, provided by
Technical Services at Granada University, Spain. The
third lane was loaded with rabbit IgG (H'L; Serotec
Ltd., Oxford, UK).
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In Vivo Assay: Animals and Experimental Protocol

The animals used throughout this study were 128
male Dunkin Harley guinea pigs with a mean BW of
220.0 g at weaning, and free from specific pathogens
including ecto- and endoparasites (Harlan Ibérica, Bar-
celona, Spain). The animals were housed individually
in stainless steel wire-bottomed cages in climatic cham-
bers maintained under controlled conditions (21-24°C,
50-60% relative humidity, diurnal light cycle of 12 h).
Four in vivo allergenicity assays were carried out, in
each of which 32 animals (n = 4) were used.

Assay 1. Systemic Anaphylaxis: GM and CM.
Four groups of 8 guinea pigs were used. Two groups
were used for oral sensitization to GM or CM proteins
(groups 2 and 4, respectively). The other 2 groups (1
and 3) were the corresponding controls. All animals
were given a standard diet free from milk proteins
(Harlan Ibérica) and water was available. In addition,
the following test products were given in liquid form:
GM and CM, each with a milk protein content of 32.6
g/L. For both types of milk, protein concentrations were
equalized by diluting, as necessary, the milk presenting
the greater concentration. The standard diet, water,
and milk were administered ad libitum.

Milk was provided for 15 d; then, from d 16 to 22, the
animals were given only water to drink. Finally, at 22 d
the intravenous challenge for systemic anaphylaxis was
performed. Each animal in groups 1 and 2 was injected
with 0.5 mL of GM in the anterior saphenous vein, and
those in groups 3 and 4 were given 0.5 mL of CM by the
same method. The animals were observed to determine
in which cases lethal anaphylaxis occurred. Serum sam-
ples were taken from the orbital sinus of experimental
animals at 0 and 22 d after initiating the experiment
to perform the passive cutaneous anaphylaxis (PCA)
tests, and to carry out the serological study.

Assay 2. Systemic Anaphylaris: GML and
CML. This assay was carried out using the same ex-
perimental design as the previous one, but in this case,
GML and CML solutions were used for oral sensitiza-
tion and for the intravenous antigen challenge. The lac-
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toserum protein content was 7.9 g/L. For both types of
lactoserum, the protein concentrations were equalized
by diluting, as necessary, the lactoserum presenting the
greater concentration.

Assay 3. PCA: GM and CM. Four groups of 8
guinea pigs were used. The animals in groups 2 and 4
were intradermally injected into the shaven back with
0.1 mL (diluted 1:2) of a pool of sera from the animals
that had suffered lethal anaphylaxis in assay 1. Twenty-
four hours later, the animals were challenged by intra-
venous injection of 0.5 mL of the same test solutions
used for systemic anaphylaxis (GM for group 2 and
CM for group 4), in 2% Evans Blue (Sigma-Aldrich,
St. Louis, MO). Thirty minutes after challenge, the
animals were anesthetized by intraperitoneal adminis-
tration of sodium pentothal (B. Braun Medical S.A.,
Rubi, Barcelona, Spain). The extent of extravasation
of the dye was determined on the back of the skin with
the aid of a ruler; PCA reactions with blueing of >0.5
cm in diameter were defined as positive (Pahud et al.,
1985). The control animals (groups 1 and 3) were in-
jected with PBS into the shaven back, and the antigen
challenge was performed with GM and CM.

Assay 4. PCA: GML and CML. This assay was
carried out under the same protocol as for assay 3, but
in this case, the serum pool utilized for passive sensiti-
zation was obtained from the animals that had suffered
anaphylactic shock in assay 2; the antigen challenge
was carried out with GML for groups 1 and 2, and with
CML for groups 3 and 4.

All work was carried out following European Union
and Spanish rules and guidelines regarding the ethical
treatment of laboratory animals.

In Vitro Assay: Systemic Antibodies

ELISA Test. The specific antibodies [IgG1 and
IgG(Fc)] against GM, CM, and their respective lactosera
were detected by a modified ELISA technique (Gémez
Garcia et al., 2003). The plates with capacity of 100
pL/well (Nunc MaxiSorp Surface, Roskilde, Denmark)
were coated with 0.05 pg/pL of GM, CM, GML, and
CML, in 0.1 M carbonate buffer (pH 9.6), sealed, and
incubated for 30 min at 37°C. Unbound antigen was
removed by decanting. The plates were washed 3 times
for 5 min with wash solution (tap water, 0.05% Tween
20; Merck, Darmstadt, Germany). This procedure was
used between each step. Then, sera samples (1:4 and
2-fold serial dilutions) were added to the plates, which
were sealed and incubated for 30 min at 37°C. Guinea
pig anti-IgG1 or anti-IgG(Fc) conjugated to peroxidase
(Serotec) diluted at 1:5,000 or 1:10,000 respectively,
in PBS/0.05% Tween 20 (Merck), was incubated for
30 min at 37°C. The plates were developed by H,O,
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as substrate and by chromogen 2,2-azino-bis (3 ethyl-
benzyl-thiazoline-6-sulfonic acid) (Sigma-Aldrich), and
kept for 15 min at room temperature in the dark. The
reaction was stopped with 1% SDS (Merck). The plates
were read at 405 nm in a Bio-Rad Microplate Manager,
version 4.0. A limiting optical density (OD) value was
calculated by adding to the mean of the OD values of 3
replicates of sera from d 0 of each animal, the results of
multiplying the standard deviation by 3. The OD val-
ues above this cut-off value were considered positive.

The OD values obtained from the 3 replicates for
each serum at the 1:64 dilution were used to determine,
statistically, the possible differences in the production
of systemic antibodies, with respect to the different im-
munizing solutions.

Western Blot Test. This test was applied to detect
and identify the different antibodies developed against
GM, CM, GML, and CML in guinea pigs after oral
immunization. Forty micrograms of protein per lane
from each solution was used. The protein was separated
in 17% reducing SDS polyacrylamide gels (Bio-Rad).
After electrophoresis (400 V at 4°C), the proteins were
transferred to nitrocellulose sheets (Protran Ba 85, 0.45
pm, Whatman GmbH, Dassel, Germany) in a Mini
Trans Blot cell (Bio-Rad) and maintained for 12 h at
30 V and 4°C. After transfer, the membrane was rinsed
3 times (5 min each). This procedure was used between
each step. Strips 0.4 mm thick were cut and incubated
with a 1:10 dilution of guinea pig serum in PBS/0.3%
Tween-20 (Merck) for 1 h. After washes in PBS/0.3%
Tween-20 (Merck), a 1:500 or 1:1,000 dilution of a goat
anti-guinea pig IgG1 or IgG(Fc) peroxidase conjugate
(Serotec), respectively, in PBS/0.3% Tween-20 (Merck)
was added for 1 h. After another washing cycle, per-
oxidase was developed with hydrogen peroxide (Sigma-
Aldrich) and 4-chloro-1-naphthol (Sigma-Aldrich). A
prestained molecular weight marker (precision plus pro-
tein standards; Bio-Rad) and caprine 3-CN isolated by
HPLC (Technical Services, Granada University, Spain)
were included. The antigen patterns obtained were ana-
lyzed using Quantity One 4.4.0 program (Bio-Rad).

The cross-reactivity among the milk proteins and
that of their respective lactosera, were determined by
blotting, following the protocol described above. After
the electrotransfer of GM and CM had been performed,
they were tested against the sera from the animals im-
munized with CM and GM, respectively. The same
procedure was followed for the lactosera.

Statistical Analysis

A classical 2-proportions comparison test (Sokal and
Rohlf, 1979) was applied to the results of the systemic
anaphylaxis and PCA assays. In the serological tests,
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the differences between mean OD values at the 1:64
dilution were assessed by ANOVA. Statistical analyses
were performed using the Statgraphics statistical pack-
age (Statgraphics, 2001). Duncan’s test (P < 0.05) was
used to determine the differences between the means.

RESULTS

Protein Fraction Composition and Polypeptide
Profile of GM, CM, GML, and CML

Table 1 shows the protein fraction composition of the
GM and CM and of their respective lactosera. In this
respect, the 2 types of milk differed; GM presented lower
quantities of ag;-CN and k-CN, and greater quantities
of 3-CN and seroalbumin. The composition of the 2
lactosera varied less, and CN was notably absent.

Figure 1 shows the polypeptide profile obtained after
electrophoresis and staining. The apparent molecular
weights of the majority polypeptides were as follows:
lane 1, molecular weight markers, range 10 to 100 kDa;
lane 2, one band corresponding to the 3-CN, about 25
kDa; lane 3 shows 2 majority bands in the region of 24
to 55 kDa, which correspond to the light- and heavy-
chain immunoglobulins, respectively; lane 4 (GM) shows
3 minority bands with apparent sizes of 84, 64, and 55
kDa that correspond to lactoferrin, seroalbumin, and
to heavy-chain IgG. The region between 27 and 24 kDa
corresponds to the CN complex and to the light-chain
IgG. Finally, there are 2 polypeptides of low molecular
weight, 17 and 13 kDa, which correspond to 3-LG and
a-LA, respectively, the latter in its 2 isoforms, normal
and glycosylate. In lane 5 (CM), in general, the same
polypeptide profile was obtained as with GM. The elec-
trophoretic profile in lanes 6 and 7 (GML and CML,
respectively) showed the 3 bands of high molecular
weight that correspond to lactoferrin, seroalbumin, and
heavy-chain IgG, followed by a band at about 24 kDa,
which corresponds to light-chain IgG, together with the
2 bands of low molecular weight, representing (3-LG
and a-LA. The latter were found to have increased to
a greater degree, quantitatively, in the lactosera than
in the 2 types of milk, because in the 6 pg of protein
content deposited in each lane, its relative proportion
was greater among the lactosera.

In Vivo Assays: Systemic Anaphylaxis and PCA

The nutritional response of the guinea pigs in the
different assays was satisfactory, and there were no
significant differences in the weights of the animals in
the different groups by the end of the assays, or in the
consumption of the corresponding immunizing solutions
(data not shown here).
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Figure 1. Sodium dodecyl sulfate-PAGE pattern of goat and cow
milk and their respective lactosera. Lane 1 = prestained molecular
weight marker (Bio-Rad, Hercules, CA); lane 2 = goat 3-casein marker
isolated by Technical Services (Granada University, Spain); lane 3 =
rabbit IgG marker (Serotec, Oxford, UK); lane 4 = goat milk (GM);

lane 5 = cow milk (CM); lane 6 = goat milk lactoserum (GML); and
lane 7 = cow milk lactoserum (CML).

Table 2 shows the results of the systemic anaphylaxis
test and of the statistical analysis performed. A trend
was observed for the response to be greater for CM vs.
GM (P < 0.20), for CML vs. GML (P < 0.10), and for
each type of milk vs. its respective lactoserum (GM vs.
GML, P < 0.10, and CM vs. CML, P < 0.20). Table
3 shows the results of the PCA test and the statistical
analysis performed. For the animals that were passively
immunized against GM and CM, the number of posi-
tive reactions was identical. On comparing this with
the case of the 2 types of lactosera, there were seen
to be fewer positive responses (P < 0.10) among the
animals that were passively immunized against GML.
Moreover, concerning the results for each type of milk
vs. its corresponding lactoserum, the response values
were lower when the animals had been passively im-
munized against each type of milk (GM vs. GML, P <
0.20; CM vs. CML, P < 0.05). All the control animals
tested negatively in both the systemic anaphylaxis as-
say and in the PCA.

In Vitro Assay: Systemic Antibodies

ELISA Test. The levels of specific IgG1 and IgG(Fc)
against the various antigen solutions were measured us-
ing ELISA. Serum samples with OD above the cut-off
value were considered positive. For the IgG(Fc) isotype,
all the serum samples from the experimental animals
were found to have specific antibodies against GM and
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Table 2. Statistical analysis results for animals with fatal systemic anaphylaxis (assays 1 and 2; total n = 8 x 4 = 32)

Antigenic solution used Antigenic solution used Fatal

for oral sensitization' for intravenous challenge' n anaphylaxis (%) Contrast” P-value
GM GM 8 50.0 GM + GM vs. CM + CM <0.20
CM CM 8 75.0 GML + GML vs. CML + CML <0.10
GML GML 8 12.5 GM + GM vs. GML + GML <0.10
CML CML 8 50.0 CM + CM vs. CML + CML <0.20

'GM = goat milk, CM = cow milk, GML = goat milk lactoserum, CML = cow milk lactoserum.
’GM + GM = GM used for oral sensitization and for intravenous challenge, CM + CM = CM used for oral sensitization and for intravenous
challenge, GML + GML = GML used for oral sensitization and for intravenous challenge, CML + CML = CML used for oral sensitization and

for intravenous challenge.

CM. For the subclass IgG1l, 6 animals were positive
against GM and 8 against CM. In all cases, the lactos-
era presented antibodies for the class and subclass of
immunoglobulin considered. In the sera of the control
animals in each assay, the reaction was negative. Fig-
ures 2 and 3 show the mean OD values of specific IgG1
and IgG(Fc) in the animals sensitized orally to GM,
CM, GML, and CML. It can be seen that the produc-
tion of specific antibodies for the IgG1l and IgG(Fc)
isotypes was greater among the animals given CM than
among those given GM. In the animals given CML and
GML, the antibody response was lower and, at the
same time, more closely grouped; in these cases, the
animals remained positive at higher titers than those
corresponding to the 2 types of milk.

Tables 4 and 5 present, together with the cut-off
values, the OD values corresponding to the 1:64 dilu-
tion for the specific antibodies of the IgG1l subclass
and the IgG(Fc) class, together with the results from
the statistical analysis performed. The chosen dilution
may be considered, depending on the case, as a medium
dilution. For both isotypes, the values corresponding to
the animals given CM were greater than for those given
GM, with the corresponding differences presenting a
level of significance of P < 0.10 for IgG1 and of P <
0.05 for IgG(Fc). As before, the values for the animals

immunized with each type of milk were greater than
those obtained for the lactosera, with these differences
being statistically significant in the case of the IgG(Fc)
isotype (P < 0.05). On the contrary, for the IgG1 iso-
type, the difference was only statistically significant (P
< 0.05) in the comparison of the values for CM vs.
CML. For both isotypes, the values for the correspond-
ing lactosera were very similar (P > 0.05).

Western Blot Test. Figure 4 shows the antigen
polypeptide profile of the 2 milk types and the corre-
sponding lactosera. In lanes 1 and 2, the electrophoretic
bands correspond to markers of molecular weights and
GM (3-CN, respectively, whereas in lanes 3, 4, 5, and 6,
they refer to GM, CM, GML, and CML.

In general, the antibodies of the subclass IgG1 re-
sponse were aimed at polypeptides with apparent mo-
lecular weights ranging from 75 to 13 kDa. This anti-
genic profile matches the polypeptide profile illustrated
in Figure 1; note that in the region of high molecular
weight there are 2 bands corresponding to the sera of
the animals that were sensitized with GM and CM. In
the latter case, the band corresponding to a-LA is ei-
ther fainter or is not distinguished. With respect to the
animals sensitized to GML and CML, antibodies were
detected to light and heavy-chain immunoglobulins,
B-LG, and a-LA. As expected, the band corresponding

Table 3. Statistical analysis results for animals with positive response to passive cutaneous anaphylaxis (assays 3 and 4; total n = 8 x 4 =

32)

Antigenic solution used Positive )
Donor antibody' for intravenous challenge? n response (%) Contrast® P-value
Ab-GM GM 8 75.0 Ab-GM + GM vs. Ab-CM + CM >0.05
Ab-CM CM 8 75.0 Ab-GML + GML vs. Ab-CML + CML <0.10
Ab-GML GML 8 87.5 Ab-GM + GM vs. Ab-GML + GML <0.20
Ab-CML CML 8 100.0 Ab-CM + CM vs. Ab-CML + CML <0.05

'Ab-GM = antibody against goat milk; Ab-CM = antibody against cow milk; Ab-GML = antibody against goat milk lactoserum; Ab-CML =
antibody against cow milk lactoserum.

*GM = goat milk; CM = cow milk; GML = goat milk lactoserum; CML = cow milk lactoserum.

SAb-GM + GM = antibody against GM used for passive sensitization and GM used for intravenous challenge; Ab-CM + CM = antibody
against CM used for passive sensitization and CM used for intravenous challenge; Ab-GML + GML = antibody against GML used for passive
sensitization and GML used for intravenous challenge; Ab-CML + CML = antibody against CML used for passive sensitization and CML used
for intravenous challenge.
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Figure 2. Mean (+SE) of the optical density (OD) values of specific IgG1 in animals sensitized by oral route to goat milk (GM, W), cow
milk (CM, O), goat milk lactoserum (GML, @), and cow milk lactoserum (CML, O).

to the CN complex was not observed. This is because
these proteins are not present in the lactosera, and an-
tibodies against them have not been formed. Moreover,
the images of the bands corresponding to 3-LG and
a-LA are more intense, because in the 40 pg of proteins
introduced into the samples, the quantity of serum pro-
teins was greater due to the absence of CN. A similar,
although somewhat weaker, pattern was recorded for
the IgG(Fc) immunoglobulins. The sera from d 0 for
each animal showed no bands.
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The cross reactivity among the GM and CM pro-
teins, as determined by Western blotting, is shown in
Figure 5. The only secondary antibody used was guinea
pig anti-IgG1 marked with peroxidase, because in the
specific detection test for IgG1 and IgG(Fc), the same
antigen pattern was obtained. The sera from the animals
that were sensitized to GM presented the same antigen
pattern in CM and GM electrophoretic separation. The
same was true for the sera of the animals sensitized to
CM between the 2 types of lactoserum.

1:4 1:8 1:16 1:32 1:64

" 1:128

U 1:256 0 1:512 1:1024  1:2048  1:4096
Titer

Figure 3. Mean (£SE) of the optical density (OD) values of specific IgG(Fc) in animals sensitized by oral route to goat milk (GM, W), cow
milk (CM, O), goat milk lactoserum (GML, @), and cow milk lactoserum (CML, O).

Journal of Dairy Science Vol. 92 No. 3, 2009



ALLERGENICITY OF GOAT MILK VERSUS COW MILK

DISCUSSION

This is the first comparative study of the allergenic-
ity of GM and CM, and of their respective lactosera
(in vivo assays), together with a serologic study us-
ing ELISA and the Western blotting (in vitro assays).
Particularly notable is the utilization of the lactosera,
because of the current controversy as to whether CN is
capable of producing antibodies when ingested orally.

The protein composition detected for the 2 types of
milk and their respective lactosera was similar to that
described in the literature (Haenlein, 2004). Sodium
dodecyl sulfate was used as the denaturing agent for
the electrophoretic separation of the polypeptides in
the antigen solutions. This was necessary because of the
complex nature of the milk, the constituents of which
are partly in suspension and partly in solution, which
makes their separation unsatisfactory under nondena-
turing conditions (Restani et al., 2002). The polypep-
tide profile obtained for the protein components of GM,
CM, GML, and CML was similar to that described in
the literature (Kim and Jiménez-Flores, 1994).

In Vivo Assays: Systemic Anaphylaxis and PCA

The guinea pig is an experimental model that has
been amply used in type I allergenicity assays. It was
first described by Parish et al. (1964) as election model
due to its high sensibility for studying CMPA, and it
has been widely used for allergy assays with milk for-
mulas (McLaughlan et al., 1981). Other animal models
(rats, mice) have been employed, but despite being less
expensive, they have also proved to be less sensitive
(Lara-Villoslada et al., 2005)

The results obtained from the systemic anaphylaxis
test show GM to be hypoallergenic with respect to CM,
as is each lactoserum with respect to the correspond-
ing milk, especially in the case of GML. Therefore, CN
seems to contribute to the systemic anaphylaxis reac-
tion detected in each case. The fact that the weakest
reaction corresponded to GML could mean that the
lower allergenicity of GM vs. CM is due to the fact that
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Figure 4. Western blot developed against the sera of animals used
for the systemic anaphylaxis assay, sensitized to goat milk (GM) and
cow milk (CM). Lane 1 = prestained molecular weight marker (Bio-
Rad, Hercules, CA); lane 2 = 3-casein from GM, isolated by Technical
Services (Granada University, Spain) and incubated with antibodies
against GM; lane 3 = GM proteins subjected to electrophoresis and in-
cubated with antibodies against GM; lane 4 = CM proteins subjected
to electrophoresis and incubated with antibodies against CM; lane 5
= goat milk lactoserum (GML) proteins subjected to electrophoresis
and incubated with antibodies against GML; and lane 6 = cow milk
lactoserum (CML) proteins subjected to electrophoresis and incubated
with antibodies against CML.

GML proteins are especially hypoallergenic. Bevilacqua
et al. (2001) studied guinea pigs immunized orally with
2 types of GM, differentiated by their ag;-CN content,
and CM. After provoking intestinal anaphylaxis in vitro,
the authors concluded that the response to certain milk
proteins is greater among animals sensitized with CM
than with GM. Lara-Villoslada et al. (2004) performed
atopy studies with mice, and concluded, likewise, that
CM is more allergenic than GM.

Table 4. Mean optical density (OD) values of specific IgG1 obtained by ELISA in the serum of animals
immunized per os against the different antigenic solutions (total n = 8 x 4 = 32)

Specific IgG1' Cut-off value n 0oD? Contrast RSD? P-value
IgG1 GM OD = 0.141 8 0.160 IgG1l GM vs. IgG1 CM 0.069 <0.10
IgG1l CM OD = 0.157 8 0.224 IgG1l GML vs. IgG1 CML 0.021 >0.05
IgG1 GML OD = 0.052 8 0.124 IgG1 GM vs. IgG1 GML 0.063 >0.05
IgG1 CML OD = 0.038 8 0.133 IgG1 CM vs. IgG1l CML 0.034 <0.001

"TgG1GM = antibody against goat milk; IgG1 CM = antibody against cow milk; IgG1 GML = antibody
against goat milk lactoserum; IgG1l CML = antibody against cow milk lactoserum.

*Sera dilution 1:64.
SRSD = residual standard deviation.
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Figure 5. Western blot developed against the sera of animals used
for the systemic anaphylaxis assay, sensitized to goat milk (GM) and
cow milk (CM). Lane 1 = prestained molecular weight marker (Bio-
Rad, Hercules, CA); lane 2 = GM proteins subjected to electrophoresis
and incubated with antibodies against GM; lane 3 = CM proteins
subjected to electrophoresis and incubated with antibodies against
GM; lane 4 = CM proteins subjected to electrophoresis and incubated
with antibodies against CM; and lane 5 = GM proteins subjected to
electrophoresis and incubated with antibodies against CM.

In the present study, the number of passively sensi-
tized animals (PCA) was identical for the 2 types of
milk, although the reactions to CM were more intense.
In a study of humans, Perlman (1977) reported that
a greater number of positive cutaneous tests were ob-
tained with CM than with GM proteins. The lactosera
produced a greater number of positive reactions than
did the 2 types of milk (earlier studies do not seem to
have addressed this question). This could be caused
by the greater presence of IgE in the sera transferred.

SANZ CEBALLOS ETAL.

Accordingly, infants who are allergic to CM have been
found to present greater levels of specific IgE in se-
rum with respect to the lactoserum proteins (Hoffman,
1975), whereas among allergic older children and adults,
specific IgE is a majority component with respect to
the CN fraction (Docena et al., 1996). For well-charac-
terized extracts, Martin Esteban et al. (1999) reported
that the positive predictive value of cutaneous tests
is below 50%. Therefore, a positive reaction does not
necessarily mean that the patient will develop clinical
symptoms of an allergy. Moreover, among children who
have developed tolerance, reactivity to the cutaneous
test persists (i.e., there are false positives; David et al.,
1999). Despite the low predictive value of a positive re-
action, a negative result rules out a food-based reaction
mediated by IgE (Bruijnzeel-Koomen et al., 1995).

In Vitro Assay: Systemic Antibodies

ELISA Test. It has been shown that IgE antibodies
play an important role in mediating type I hypersensi-
tivity responses in humans. In food allergy, it is believed
that food-specific IgE antibodies bind to high-affinity
Fce RI receptors on mast cells, basophils, macrophages,
and dendritic cells, as well as to low-affinity Fce RII
receptors on macrophages, monocytes, lymphocytes,
eosinophils, and platelets (Sampson and Ho, 1997).
When food allergens penetrate mucosal barriers and
contact IgE antibodies bound to mast cells or basophils,
histamine and other mediators that induce symptoms
of immediate hypersensitivity are released.

Various researchers have found in experiments with
guinea pigs that in hypersensitivity reactions mediated
by Ighk, reaginic IgG1 antibodies are also present, both
in PCA reactions (Ovary and Warner, 1972) and in
those of systemic anaphylaxis (Bevilacqua et al., 2001).
As TgG1 and IgG(Fc) isotypes are present in these kinds
of reactions, and because their systemic level is greater
than that of the IgE, which makes their detection in
serum more feasible, in this study the levels of these 2
isotypes were measured against antigen solutions, using

Table 5. Mean optical density (OD) values of specific IgG(Fc) obtained by ELISA in the serum of animals
immunized per os against the different antigenic solutions (total n = 8 x 4 = 32)

Specific IgG(Fc)' Cut-off value n oD? Contrast RSD*  P-value
IgG(Fe) GM OD =015 8 0160  IgG(Fc) GM vs. [gG(Fe) CM 0.063  <0.05
IG(Fc) CM OD =0.142 8 0228  IgG(Fc) GML vs. [gG(Fe) CML  0.033  >0.05
IgG(Fc) GML OD = 0.043 8 0105  IgG(Fc) GM vs. IgG(Fc) GML  0.051  <0.05
IgG(Fe) CML OD =0.048 8 0112  IgG(Fc) CM vs. [gG(Fe) CML  0.051  <0.001

TgG(Fc) GM = antibody against goat milk; IgG(Fc) CM = antibody against cow milk; IgG(Fc) GML = anti-
body against goat milk lactoserum; IgG(Fc) CML = antibody against cow milk lactoserum.

*Sera dilution 1:64.
SRSD = residual standard deviation.
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the ELISA technique, for the 2 types of milk and their
corresponding lactosera. Lara-Villoslada et al. (2004)
reported that antigen-specific IgE levels were too low
to be detected.

The present results for GM and CM are in agree-
ment with those obtained by Lara-Villoslada et al.
(2004), who reported greater values for specific IgG1
antibodies against CM than against GM. The values
for lactosera, however, cannot be compared, as no infor-
mation is available in the literature on this question. As
remarked above with respect to the results for systemic
anaphylaxis, the differences observed between milk and
lactoserum concerning antibody production again show
that CN contributes to the corresponding allergic reac-
tion. It may be concluded that the largest differences
tend to be found between the 2 types of milk, with the
values for the 2 lactosera being more closely grouped.
Bevilacqua et al. (2001) studied systemic sensitization
in guinea pigs against the proteins of CM and GM, and
found that the animals that consumed CM proteins
developed greater levels of specific antibodies of the
IgG1 subclass against 3-LG than did those given GM.

Western Blot Test. The target polypeptides recog-
nized by the serum were detected within a range of 75
to 13 kDa (Figure 4). The sera of the animals immu-
nized with CM recognized the presence of the CN from
the GM (Figure 5, lane 5). Note, too, that antibodies
were observed to be targeted at the CN, a result that
is corroborated by the findings of other authors, who in
studies of human sera have detected antibodies against
this protein (Munoz Martin et al., 2004). On the other
hand, Bevilacqua et al. (2001), in a study of animals
sensitized orally with milk using ELISA and different
milk fractions, concluded that the antibodies were tar-
geted at B-LG and a-LA.

The Western blot test showed that there is a marked
degree of cross-reactivity between the 2 types of milk
(Figure 5), and likewise between the 2 types of lactose-
rum; this result is in agreement with those reported by
other authors (Restani et al., 2002). No specific protein
in CM was identified as its main allergen. In a recent
review of the subject by Wal (2001), it was concluded
that no structural or functional characteristic present
in any one of the milk proteins could be considered as-
sociated with allergenicity, although some homologous
regions may account for the IgE type cross-reactivity.

With respect to why GM seems to be hypoallergenic
with respect to CM, it has been suggested that in CM
the ag;-CN could act as a carrier of other allergens,
such as (B-LG, a fraction that would bind to ag-CN
forming a less digestible complex. The GM, which has
a lower quantity of ag-CN, would produce a lower
quantity of this complex, thus facilitating the digestion
of 3-LG (Bevilacqua et al., 2001). In this respect, it is
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well known that the main factor triggering a nutritional
allergic reaction is an increase in the intestinal absorp-
tion of antigens, followed by an adverse local immune
reaction. Repetitive exposure to CM in cases of allergy
to its proteins is associated with an inflammatory re-
sponse of the lamina propria on the intestinal mem-
brane, together with an increase in macromolecular
permeability. In guinea pigs sensitized to milk proteins,
Heyman et al. (1990) demonstrated the existence of
a greater degree of intestinal permeability to marker
macromolecules.

CONCLUSIONS

Our results lead us to conclude that oral ingestion
of the 4 antigen solutions gave rise to systemic sensi-
tization in the animals, and that the sera from these
animals, when transferred to healthy specimens, are
capable of producing a PCA positive reaction to an
antigen challenge. The use of the 2 types of milk and
their respective lactosera, as immunizing solutions,
showed that milk (especially CM) produced a stronger
response, whereas the responses following consumption
of the lactosera were weaker and more closely grouped.
These results show that both CN and lactoserum pro-
teins may provoke an allergenic response. With respect
to the aim of identifying the polypeptides responsible
for allergic reactions, these reactions could be due to
the existence of specific epitopes present within the
different proteins. Therefore, it would be of interest
to continue investigating this subject to identify the
epitope(s) responsible for the allergenicity; the possibil-
ity could then be studied of producing a food that is
innocuous to humans with CMPA.
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