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A murine model of cow’s milk protein-induced
allergic reaction: use for safety assessment of hidden
milk allergens

Summary
Background: Masked allergens in processed food products can lead to severe allergic re-
actions following unintentional ingestion. We sought to develop a murine model for
the detection of hidden cow’s milk proteins (CMP). This study aimed to induce cow’s
milk allergy in mice, to characterize the anaphylaxis induced by CMP in this model,
and to validate its reliability using three margarines manufactured with (A) or with-
out (B, C) milk, sharing the same production line. Materials and Methods: Three-
week-old BALB/c mice were sensitized intragastrically with CMP plus cholera toxin
and boosted 6 times at weekly intervals. CMP-sensitization status was monitored by
skin tests, and measurement of CMP-specific IgE and IgG1 levels. On day 44, the
minimal threshold of clinical reactivity to CMP in terms of anaphylaxis was deter-
mined by performing a dose response of intraperitoneal CMP challenge. Under the
same conditions, anaphylaxis was evaluated in CMP-sensitized mice after challenge
with protein extracts of margarines A, B or C. Results: Sensitization to CMP was
demonstrated by positive skin tests and increased CMP-specific IgE and IgG1. The
minimal clinical reactivity threshold corresponding to 0.1 mg CMP elicited detectable
anaphylaxis evidenced by clinical symptoms, a decrease in breathing frequency, and in-
creased plasma histamine upon challenge. Similarly, challenges with margarine A con-
taining CMP demonstrated anaphylaxis, whereas those with B or C did not elicit any
detectable allergic reaction. Conclusion: This study shows that our murine model of
CMP-induced anaphylaxis is useful for investigating the allergenic activity and the
assessment of margarines with respect to milk.
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Background

Food allergy is an important public health problem in in-
dustrialized countries. To date, strict dietary avoidance is
the only way to manage food allergy, which implies care-
ful labelling of manufactured products. Nevertheless,
masked allergens in food can lead to severe accidents such
as fatal food-induced allergic reactions following uninten-
tional ingestion [1]. The total absence of any or all aller-
gen in foods is often difficult to achieve because of manu-
facturing practices. Any remaining allergens are due pri-
marily to different products sharing the same production
line.
The relationship of any given food to allergy can be con-
sidered as two main components. 1) Allergenicity is de-
fined as the likelihood of a given protein to induce de no-
vo sensitization in a non-allergic individual [2]. The de-
termination of allergenicity requires models of allergic
sensitization primarily conducted in animals. Several
models developed in mice [3-8] and rats [5, 9, 10] have
been helpful in investigations of allergic sensitization and
humoral immune responses. 2) Allergenic activity reflects
the propensity of a substance to induce allergic reactions
in sensitized individuals [2]. This activity is usually eval-
uated in allergic patients by oral challenge tests. The
clinical objective is to determine whether the component
in question induces allergic response in allergic individu-
als and to estimate the magnitude and the risk related to
this reaction. Several rodent [11-13] and non-rodent
models such as swine [14] or canine [15] have been de-
veloped to mimic food allergies similar to those seen in
humans. A major advantage of these models is that a
protein induces not only an immune response but, also
clinical symptoms as well after allergenic challenge in
sensitized animals. These models are useful for the inves-
tigation of allergenic activities of allergens and the im-
munopathological mechanisms involved, as well as for
the exploration of potential immunotherapeutic ap-
proaches. Despite these interesting and valuable models,
none have been used for the study of the allergenic activ-
ity of finished food products before their marketing. In
vitro assays are commonly used to detect proteins in food
products [16-21]. These tests provide information for
safety assessment, but do not determine the allergenic ac-
tivity of finished products. It is clear that clinical studies
are the gold standard tests, but in practice, they cannot
be implemented on a routine basis for detection of aller-
gens in foods. Genetically Modified Foods by the Food
and Agricultural Organization of the United Nations

(FAO)/World Health Organization (WHO) [22, 23] has
identified a need for the development of well-defined
food allergy animal models that can serve as predictive
tools for the determination of the allergenic activity of
finished food products.
Cow’s milk allergy is one of the most common food al-
lergies in infants. Most patients outgrow this by the age
of 5 years, but cow’s milk allergy can persist in some
adults [24]. Contamination of food products with milk
proteins have been reported to be unsafe in children al-
lergic to cow’s milk [1, 25]. The wide use of cow’s milk
proteins (CMP) in various food products complicates the
application of dietary avoidance. This is most notably the
case for fats used as cooking oils or spreads such as mar-
garines. These products are defined as foodstuffs other
than butter whatever their origin or their composition,
that present the same aspect as that of butter and are in-
tended for the same use. Margarines are composed of
two major fractions: fat (83 %) and an aqueous fraction
(17 %) which includes water and/or milk, emulsifiers,
conservatives, aromas and coloring agents. Some mar-
garines therefore contain cow’s milk allergens when milk
is included in their manufacturing, while others prepared
without milk can be contaminated due to manufacturing
practices.
This study aimed (i) to induce cow’s milk allergy in mice
and characterize the anaphylactic reaction induced by
CMP in this model, and (ii) to validate the suitability
and the reliability of this model for the testing of mar-
garines manufactured with or without milk, yet sharing
the same production line.

Materials and Methods

Three-week-old female BALB/c mice were purchased
from Charles River Laboratory (Lyon, France). Animals
were maintained on milk-free chow (Harlan Teklad,
Gannat, France) under specific pathogen-free conditions
on a 12 h light/dark cycle in a room maintained at a
mean temperature of 21 ± 2°C with a relative humidity of
50 ± 20%. Drinking water and standard laboratory ani-
mal food pellets were provided ad libitum. Animals were
handled in accordance with French State Council guide-
lines for the use and care of laboratory animals (decree
N° 87-848, October the 19, 1987 and decree 2001-464,
May the 29, 2001).
Commercially available powdered cow’s milk (355 mg
CMP/g, Régilait, Saint-Martin-Belle-Roche, France)
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was used. Three margarines referred to as A, B and C
were provided by a manufacturer without any indication
on their composition. Detection antibodies for ELISAs,
i.e. HRP-labeled goat anti-mouse IgE and IgG1, were
purchased from Serotec Ldt (Kidlington, Oxford, UK)
and Southern Biotech (Southern Biotechnology Associ-
ates Inc., Birmingham, AL, USA), respectively. Com-
pound 48/80, red blood cell lysis buffer and concanavalin
A were obtained from Sigma (Saint Louis, MO, USA).
BALB/c mice were sensitized intragastrically (i.g.) with
cow’s milk administered together with cholera toxin
(CT) and boosted 6 times at weekly intervals. To deter-
mine the optimal sensitizing dose, 3 groups of mice re-
ceived 0.1, 1 or 10 mg of CMP in PBS containing 4 µg
CT per mouse (200 µL per mouse) through oral admin-
istration. Control mice were sensitized i.g. with 4 µg CT
alone. Naive mice never exposed to CMP or CT were
used as second controls. Immediately prior to each boost-
ing, individual blood samples from each group of mice
were obtained from the retro-orbital venous plexus under
isoflurane anaesthesia, centrifuged and the sera were
stored at - 20°C until use. Two skin tests were per-
formed: an ear swelling test and an intradermal skin test
(see below). Forty four days after the initial boosting,
mice were challenged intraperitoneally with 15 mg CMP
in 150 µL of PBS per mouse, and anaphylaxis was as-
sessed by monitoring clinical symptoms, rectal tempera-
ture, breathing frequency, and by measuring plasma hist-
amine levels.
Ear swelling test was performed as previously described
(Proust et al., 2008). Briefly, CMP (10 µL, 5 mg/mL)
was intradermally injected into the dorsal aspect of a
mouse ear and ear thickness was measured with a digi-
matic micrometer (Mitutoyo, Japan). Ear swelling re-
sponse was determined as the incremental increase in
thickness above baseline control values. Compound
48/80 (5 mg/mL) and PBS were used as positive and
negative controls, respectively.
Intradermal skin tests were carried out as previously de-
scribed (Proust et al., 2008). Briefly, before testing, the
abdominal skin was shaved. Evan’s blue dye (100 µL,
0.25 %) was intravenously injected and five minutes later,
CMP (10 µL, 2.5 mg/mL) was injected intradermally
under isoflurane anaesthesia. Compound 48/80 (30
µg/mL) and PBS were used as positive and negative con-
trols, respectively. A blue wheal with a diameter > 0.3 cm
appearing within 5 minutes after the injection of allergen
was considered as positive.
CMP-specific antibodies were assayed by ELISA. Plates

(MaxiSorp, Nunc Immunoplate, Roskilde, Denmark)
were coated overnight with CMP (0.5 µg/mL for specific
IgE and 1 µg/mL for specific IgG1) diluted in carbonate
buffer (50 mM, pH 9.6). Plates were incubated with di-
luted serum samples (1:10 for IgE; 1:5000 for IgG1) at
37°C for 2 h. CMP-specific IgE were detected by HRP-
labeled goat anti-mouse IgE (1:5,000). CMP-specific
IgG1 were detected by HRP-labeled goat anti-mouse
IgG1 (1:1,000). Plates were developed with tetramethyl
benzidine substrate (Pierce, Rockford, IL, USA) and
read at 450 nm with an automated microplate reader
(Biorad, Hercules, CA, USA). The specificity of HRP-
labeled goat anti-mouse IgE was verified in preliminary
experiments. IgE detection was not modified after re-
moving IgG from mouse pooled sera with protein-G
(Sigma) (data not shown).
Anaphylactic symptoms were assessed by 2 independent
investigators within 0-45 minutes after the intraperi-
toneal (i.p.) challenge; this study was conducted in a
blind manner. Disease severity was evaluated by using a
scoring system as previously described (Proust et al.,
2008) with slight modifications and scored as follows: 0,
no symptoms; 1, reduced activity; 2, scratching and rub-
bing around the nose, the ears and eyes, partial immobili-
ty; 3, prostration, pilar erection, total immobility; 4, ede-
ma around the mouth and the eyes, puffiness around the
eyes; 5, no activity after prodding, convulsion, and death.
Rectal temperature was measured before and 30 minutes
after the i.p. challenge using a thermal probe (Anritsu
meter CO., LTD, Tokyo, Japan).
Breathing rate (breaths per minute, bpm) was assessed in
conscious unrestrained mice following evaluation of ana-
phylactic symptoms after the i.p. challenge using a baro-
metric plethysmography method (EMKA Technologies,
Paris, France).
Blood was collected 60 minutes after the i.p. challenge
and plasma histamine concentrations were measured with
an ELISA kit (Immunotech, Marseille, France) accord-
ing to the manufacturer’s instructions.
Spleens were harvested from mice allergic to CMP after
challenge under sterile conditions. After lysis of red
blood cells with buffer (Sigma) and several washes,
splenocytes were resuspended in complete culture medi-
um (RPMI-1640 plus 10 % fetal calf serum, 1 % peni-
cillin/streptomycin and 1 % L-Glutamine). Cells were
incubated in 24-well plates (4 x 106 cells/mL) in the
presence or absence of CMP (5 µg/mL) or Concanavalin
A (2 µg/mL, positive control) for 72 h at 37°C (5 %
CO2). Supernatants were then removed and stored at -
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80°C until use. Levels of IL-4, IL-5 and IFN-γ were as-
sayed using CytoSetsTM kits (BioSource International
Europe, Nivelles, Belgium) according to the manufactur-
er’s instructions. The limits of detection for IL-4, IL-5
and IFN-γ were < 5 pg/mL, 3 pg/mL and 1 pg/mL, re-
spectively.
To determine the clinical reactivity threshold in CMP-
sensitized and -challenged mice, i.e. the minimal dose of
CMP leading to anaphylactic symptoms, mice sensitized
with the optimal sensitizing dose of CMP as previously
determined, as well as CT mice, were blind challenged
intraperitoneally at day 44 either with 0, 0.01, 0.1, 1, 5 or
15 mg CMP per mouse.
Protein extracts of each of the margarines (A, B and C)
were freshly prepared by treating 10 g melted margarine
with di-isopropyl ether. Samples were mixed for 30 min
at room temperature on a circular rotator (30 rpm) and
then centrifuged 5 min at 2500 rpm. The aqueous phase
was collected and organic solvent was evaporated by
N2(g). A negative internal control, i.e. PBS alone, was
prepared similarly and simultaneously with the different
samples of protein extracts. Mice sensitized to CMP, as
well as CT mice were blind challenged by i.p. injection
with 150 µL of protein extracts of either margarines A, B
or C or with 150 µL PBS alone in order to determine for
presence of CMP in margarines.
Margarine extracts were prepared as described in the pre-
vious paragraph. CMP content of these extracts was
measured by sandwich ELISA using polyclonal antibod-
ies directed against all CMP (Neogen, Ayr, Scotland).
Results are expressed as mean ± SEM. Statistical analyses
were determined using Student ’s t test and one-way
ANOVA. A p value < 0.05 was considered as statistically
significant.

Results

To characterize the relationship between the dose of
CMP administered and sensitization status, we per-
formed skin tests (ear swelling and intradermal skin
tests) and monitored sera CMP-specific IgE. On day 42,
significant increases in ear thickness in response to intra-
dermal injection of CMP were observed with all sensitiz-
ing doses of CMP (Figure 1A). No increase in ear thick-
ness was obtained in control mice (naive and CT alone).
Similarly, positive skin responses with intradermal skin
test were observed in all CMP-sensitized mice as com-
pared to control mice (data not shown). Animals sensi-

B. Proust, C. Astier, J. M. Renaudin, et al.

Figure 1 - CMP-sensitization following oral exposure to CMP
plus CT (A) Ear swelling response after CMP intradermal injec-
tion at day 42 post-sensitization. Forty minutes after intradermal
injection of PBS, compound 48/80 or CMP (10 µL, 5 mg/mL),
increase of ear thickness (mm) was measured in CMP-sensitized
mice and control (naive and CT alone). Results are expressed as
mean ± SEM of 6 mice per group. ***p < 0.001: CMP or com-
pound 48/80 versus PBS treatment for each group. NS: non signi-
ficant. Sera CMP-specific IgE (B) and IgG1 (C). Pooled sera from
each group of mice (n=6 mice/group) as indicated were obtained
weekly just before each boosting. CMP-IgE and IgG1 levels were
assessed by ELISA. Results are expressed as mean ± SEM of 6 mi-
ce per group. *p < 0.05, **p < 0.01, ***p < 0.001: CMP-sensitized
versus naive or CT mice. #p < 0.05, ##p < 0.01, ###p < 0.001 versus
0.1 mg CMP + CT. +p<0.05, +++p < 0.001 versus 10 mg CMP +
CT. NS: non significant
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tized with 0.1, 1 and 10 mg CMP plus CT produced sig-
nificant increase in CMP-specific IgE and IgG1 levels
from 35 and 28 days, respectively, after the initial boost-
ing in contrast to control mice (Figures 1B, 1C). On day
42, both 1 and 10 mg doses of CMP plus CT induced an
increase in levels of CMP-specific IgE that were signifi-
cant, but lower than that observed for 0.1 mg CMP plus
CT (Figure 1B). CMP-specific IgG1 levels were signifi-
cantly increased on day 42 at the dose of 1 mg CMP plus
CT, but lower than that observed for 0.1 and 10 mg
CMP plus CT (Figure 1C).
We next evaluated the anaphylactic reaction in CMP-
sensitized mice at day 44 upon an i.p. challenge of 15 mg
CMP per mouse. CMP-sensitized mice expressed severe
anaphylactic symptoms reaching a clinical score of 4 to 5
irrespective of the sensitizing dose (Figure 2A). Howev-
er, the dose of 10 mg CMP elicited a more consistent
anaphylactic response in all CMP-sensitized mice as
compared to those sensitized to lower doses of CMP. In
contrast, control mice obtained a clinical score of 0 (Fig-
ure 2A). Measurement of changes in body temperature
and breathing frequency were consistent with clinical
score and provided an assessment of anaphylactic re-
sponses that was significantly more pronounced in mice
sensitized with 10 mg CMP plus CT (Figures 2B and
C). We therefore selected 10 mg CMP plus CT as the
optimal sensitizing dose for BALB/c mice. This dose was
used in the remainder of the study.
We next determined the production of Th1 and Th2 cy-
tokines by spleen cells stimulated in vitro with CMP and
collected from BALB/c mice (sensitized with 10 mg
CMP plus CT) allergic to CMP. Seventy-two hours
post-culture, Th2 cytokine production was significantly
increased in CMP-stimulated cultures, 8 ± 0.6 pg/mL
(p<0.01) and 140 ± 35.8 pg/mL (p<0.001) for IL-4 and
IL-5, respectively, when compared to unstimulated cells
(undetectable). In contrast, IFN-γ levels in CMP-stimu-
lated and unstimulated spleen cells (35 ± 3.4 pg/mL and
31 ± 2.9 pg/mL, respectively) were essentially the same
(non significant). IL-4, IL-5 and IFN-γ levels for con-
canavalin A were 28 ± 1.1 pg/mL, 547 ± 15.4 pg/mL and
695 ± 1.6 pg/mL, respectively.
At day 44, CMP-sensitized BALB/c were challenged in-
traperitoneally either with 0, 0.01, 0.1, 1, 5 or 15 mg
CMP, respectively in order to determine the clinical reac-
tivity threshold. CMP-sensitization status was also con-
firmed. Dose response curve of Figure 3A shows that a
significant increase in anaphylactic clinical score was ob-
served with 0.1 mg CMP challenge and reached a

plateau with higher doses. Figure 3 also revealed that a
dose of 1 mg CMP induced a maximal decrease in body
temperature (Figure 3B) and in breathing frequency
(Figure 3C). Although relatively less pronounced, both
parameters remained significantly modified at higher

In vivo CMP detection tool for exploration of allergenic activity of margarines

Figure 2 - Anaphylactic response depending on the amount of
CMP used for oral sensitization CMP-sensitized (n = 6/group),
naive (n = 6/group) and CT (n = 6/group) mice were challenged
intraperitoneally with 15 mg CMP at day 44 post-sensitization.
(A) anaphylactic symptoms, (B) change in body temperature and
(C) change in breathing frequency were evaluated after i.p. challen-
ge. Data are given as mean ± SEM. *p<0.05, **p < 0.01, ***p <
0.001: CMP-sensitized versus naive or CT mice after CMP chal-
lenge. #p < 0.05, ##p < 0.01 versus 10 mg CMP + CT. NS: non si-
gnificant
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challenge doses (5 and 15 mg CMP). Histamine release
was significantly increased with a challenge dose of 1 mg
but further increased with 5 mg CMP (Figure 3D).
Therefore, the minimal dose of 0.1 mg CMP elicited
clinically detectable allergic reaction. However, a dose of
1 mg was necessary to obtain objective measures of ana-
phylactic reaction.
BALB/c mice sensitized with 10 mg CMP plus CT lead-
ing to positive skin tests and significant increase of
CMP-specific IgE in serum were blind challenged in-
traperitoneally at day 44 either with protein extracts from
margarines (A, B, or C) or PBS. CT mice treated either
with PBS or protein extracts of margarines did not de-
velop anaphylactic reactions in terms of clinical symp-
toms, decrease in body temperature and in breathing fre-
quency (Figures 4A, B and C). Among the 3 tested mar-
garines in CMP-sensitized mice, the extract from mar-

garine A led to anaphylaxis with a clinical score in a
range of 3 to 4 associated with a statistically significant
1) drop in body temperature, 2) decrease in breathing
frequency and 3) release of plasma histamine (Figure 4).
Margarines B or C failed to induce any detectable ana-
phylactic reactions. These results indicated that only
margarine A contained CMP in quantity sufficient to
provoke an allergic reaction. We next estimated the con-
centration of proteins in the extracts of margarines A, B
and C. Immunobiochemical analysis revealed that CMP
concentrations of extracts of margarines A, C and B were
10.5 µg/µL, 0.0035 µg/µL and undetectable, respectively.
Consequently, we estimated the quantity of CMP ad-
ministered intraperitoneally per mouse in a final volume
of 150 µL to be 1.6 mg and 525 ng per mouse for mar-
garines A and C, respectively.
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Figure 3 - Threshold of clinical reactivity to CMP in CMP-sensitized mice. Sensitized mice with 10 mg CMP plus CT (n = 6/group) and
CT mice (n = 4/group) were challenged intraperitoneally either with 0, 0.01, 0.1, 1, 5 and 15 mg CMP per mouse at day 44 post-sensitiza-
tion. The clinical reactivity threshold for CMP was determined by monitoring (A) anaphylactic symptoms, (B) change in body temperatu-
re, (C) change in breathing frequency and measuring (D) plasma histamine concentrations, after i.p. challenge. Data are expressed as mean
± SEM. *p < 0.05, **p < 0.01, ***p < 0.001: CMP-sensitized versus CT mice after CMP challenge. #p < 0.05, ##p < 0.01, ###p < 0.001 ver-
sus 1 mg CMP. NS: non significant
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Discussion

This is the first report of the application of animal model
towards detection of the allergenic activity of hidden
milk allergens extracted from food using a murine model
of cow’s milk-induced allergy. However, this is not the
first description of CMP-induced anaphylaxis. Previous
interesting and valuable models of CMP-induced allergy
have been reported [12, 27], but none of them have de-
termined the clinical reactivity threshold doses to CMP
in order to define the lowest observed adverse effect level
(LOAEL) and the no-observed adverse level (NOAEL).
Similarly to the experimental approach reported in these
studies, mice were sensitized using several oral exposures
of milk plus CT. Increased CMP-specific IgE and IgG1

levels and positive skin tests to CMP demonstrated sen-
sitization to CMP in BALB/c mice. In the context of
providing a sensitive model for the detection of CMP,
the i.p. route was used for allergenic challenge to elicit
anaphylaxis [26, 28]. This route offers the advantage of
minimizing variations of allergen bioavailability. Indeed,
we demonstrated recently that this route was much more
sensitive than the i.g. route in terms of anaphylactic re-
sponse [28]. The determination of the threshold clinical
reactivity to CMP is based on the assessment of anaphy-
lactic reaction by monitoring the clinical symptoms and
quantifiable parameters (body temperature, breathing
frequency, histamine). In our model, the LOAEL was
found to be 0.1 mg CMP. This dose was demonstrated to
be favourable towards eliciting a detectable allergic reac-

In vivo CMP detection tool for exploration of allergenic activity of margarines

Figure 4 - In vivo assessment of allergenic activity of margarines. On day 44 post-sensitization, mice sensitized with 10 mg CMP plus CT
and CT mice were challenged intraperitoneally either with protein extracts of margarines (A, B, C) (Sens n = 6, CT n = 4 per margarine)
or with PBS (Sens n = 6, CT n = 4 per margarine) used as the negative internal control. (A) anaphylactic symptoms, (B) change in body
temperature, (C) change in breathing frequency and (D) plasma histamine concentrations were evaluated after i.p. challenge. Data are gi-
ven as mean ± SEM. *p<0.05, **p<0.01, ***p < 0.001: protein extract versus PBS challenge within each group. #p < 0.05, ###p < 0.001:
CMP-sensitized versus CT mice after challenge with protein extract. NS: non significant
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tion including anaphylactic symptoms scored in a range
of 3 to 4 associated with a significant decrease in breath-
ing frequency and increased release of plasma histamine
compared to 0.01 mg CMP. This latter dose that failed
to lead to anaphylactic reaction corresponds to the
threshold CMP dose below which no adverse effects oc-
cur and thus is defined as the NOAEL in our model
[29]. As shown in our study, the 1 mg CMP dose was
necessary to obtain objective measures of anaphylactic re-
action including body temperature, breathing frequency
and plasma histamine release. In case of 0.1 mg CMP
dose, no global significant change in body temperature
was observed suggesting that the temperature is related
to the variability of response in mice. Indeed for this
dose, a marked decrease in body temperature was only
recorded in some individuals (n = 2 mice/6) indicating
that a drop in body temperature is nevertheless a sign of
disease severity [30-32]. According to our results, clinical
tests were required to evaluate the allergenic activity of
milk allergens in terms of anaphylaxis, because they
clearly evidenced a severe sign of anaphylactic shock.
Moreover, the combination of these clinical tests with a
biologic assay such as the measurement of plasma hista-
mine release is important in order to confirm the in-
volvement of mast cells in CMP-specific anaphylaxis.
In practice, the reliability of our model as CMP detec-
tion tool was tested by assessing the allergenic activity of
3 different margarines A, B and C sharing the same pro-
duction line, manufactured with or without milk. Indeed,
only CMP-sensitized mice challenged with margarine A
exhibited an anaphylactic reaction similar to that ob-
served with CMP challenge, indicating the presence of
CMP at levels sufficient to provoke anaphylaxis. On the
other hand, no anaphylactic reaction was developed with
margarines B and C, suggesting that either the finished
margarines did not contain CMP, the concentration of
CMP was below the limit of detection, or that the mar-
garines contained proteins without allergenic activity. We
then evaluated the levels of CMP in the margarine ex-
tracts that led to the appearance of anaphylactic symp-
toms in order to compare these clinical data to the
murine LOAEL or NOAEL. This allowed us to evaluate
the feasibility of this model as a tool for determining the
allergenic risk of the analyzed margarines. The lack of al-
lergenic activities of margarines B or C was supported by
the immunobiochemical evaluation of the CMP amounts
in the extracts of margarines. Indeed, in contrast to mar-
garine A (1.6 mg CMP per mouse), under the same con-
ditions, margarine C did not lead to anaphylaxis probably

due to the fact that 525 ng CMP per mouse is largely be-
low the LOAEL and the NOAEL, nor did margarine B
due to the absence of any detectable protein. The
LOAEL described in human varies between 0.6 and 180
mg CMP, whereas no NOAEL for milk has been report-
ed [33]. Interesting and valuable existing in vitro assays
are more sensitive for protein detection, but their major
inconvenience is lack of information on the allergenic ac-
tivity of food products in contrast to in vivo detection
tools [16-21]. The application of our model to mar-
garines confirms the fact that this murine model of
CMP-induced anaphylaxis may be used as a tool to as-
sess the safety of a finished food product for people with
cow’s milk allergy. Mice did not exhibit allergic reactions
with 525 ng CMP in margarine C, which is 1150 times
below the human LOAEL. The harmlessness of the mar-
garine C is confirmed with a margin of safety (MOS) >
100, which is established from the mouse NOAEL [29].
Since a MOS > 100 is considered to be without risk for
human subjects [29]. Thus, this margarine could be con-
sidered as being of no risk to CMP-allergic patients.
CMP detected in margarine C are most likely contami-
nants resulting from the use of CMP on the same pro-
duction line. On the other hand, the margarine A would
be prohibited to patients allergic to CMP because of the
wide overlap between the murine and human LOAEL
values. The knowledge of a NOAEL for milk obtained
from animal studies could provide the food industry with
a much needed MOS to establish good manufacturing
practices and allergenic risk control programs. This mod-
el could be used as a supplement to the biochemical tests
in order to investigate a potential allergenic activity when
a biochemical risk with respect to milk has been detected
in a food product intended for allergic consumers before
its marketing.

Conclusions

We report here the development and characterization of
a BALB/c model of CMP-induced anaphylaxis that rep-
resents a potential in vivo CMP detection tool for the
safety assessment of finished food products such as mar-
garines. Additional studies are required to determine the
capacity of our model to evaluate the CMP allergenic ac-
tivity of other finished food products, i.e. to analyze
whether the food product contains specific CMP aller-
gens at levels that could potentially induce an allergic re-
action in sensitized individuals.
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