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Abstract
Purpose of Review We sought to describe the available evi-
dence supporting the utilization of the molecular allergen anal-
ysis (MAA) for diagnosis and management of cow milk pro-
tein allergy (CMPA).
Recent Findings Cow milk proteins are among the most
common food allergens in IgE- and non-IgE-mediated food
allergic disorders in children. Most individuals with CMPA
are sensitized to both caseins and whey proteins. Caseins
are more resistant to high temperatures compared to whey
proteins.
Summary MAA is not superior to the conventional diag-
nostic tests based on the whole allergen extracts for
diagnosis of CMPA. However, MAA can be useful in
diagnosing tolerance to extensively heated milk proteins
in baked foods. Children with CMPA and high levels of
casein IgE are less likely to tolerate baked milk com-
pared to children with low levels of casein IgE. Specific
IgE-binding patterns to casein and betalactoglobulin

peptides may predict the natural course of CMPA and
differentiate subjects who are more likely to develop
CMPA at a younger age versus those with a more per-
sistent CMPA. Specific IgE-binding patterns to casein
and beta-lactoglobulin peptides may also predict re-
sponse to milk OITand identify patientsmost likely to
benefit fromOIT.

Keywords Bakedmilkdiet .Casein .Cowmilkallergy .Milk
allergy .Molecular allergen analysis . Molecular diagnosis .

Whey proteins

Abbreviations
CM Cow milk
CMP Cow milk proteins
CMPA Cow milk protein allergy
EoE Eosinophilic esophagitis
IgE Immunoglobulin E
OIT Oral immunotherapy

Introduction

Molecular allergen analysis (MAA) utilizes individual
natural or recombinant allergenic components that are
contained in the whole complex allergen source [1•]. By
focusing on the individual major or minor allergens and
controlling for allergen concentration, MAA promises a
more precise (single allergen versus mix of allergens)
and individualized (clinically relevant for the patient)
measurement of allergen-specific IgE antibodies. As such,
MAA represents a new generation of diagnostic tools that
contribute to the precision medicine.
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MAA has been shown repeatedly to offer superior ac-
curacy for the diagnosis of food allergy caused by plant-
derived foods, in which pollen cross-reactivity is promi-
nent [2•, 3•] [4]. Pollen-food cross-reactivity contributes
to poor performance of diagnostic tests based on the
whole allergen sources because these tests do not discrim-
inate between asymptomatic immunologic cross-reactivity
with pollen and true, food-specific, clinically relevant al-
lergy [5, 6]. The pollen cross-reactive food proteins are
usually of low molecular mass, very susceptible to ther-
mal processing, and rapidly digested by enzymes in the
gastrointestinal tract. Therefore their potential for induc-
ing systemic allergic reactions is very low. They are fre-
quently referred to as class 2 food allergens that typically
induce mild symptoms (e.g., pruritus, mild swelling) upon
contact with oropharyngeal mucosal membranes
(Table 1). They are generally incapable of causing prima-
ry allergic sensitization in the GI tract, and oral symptoms

usually follow development of significant IgE sensitiza-
tion to the cross-reactive pollen. In contrast, proteins in
cow’s milk, hen’s egg white, and seed storage proteins in
nuts and seeds are referred to as class 1 food allergens
that survive in the harsh gastrointestinal environment,
cause sensitization, and induce systemic reactions upon
ingestion [1•, 7, 8].

Characteristics of CMP and Sensitization Patterns

Cow’s milk (CM) is produced by the mammary glands of
cows (Bos domesticus). Cow’s milk proteins (CMP) are
commonly the first foreign proteins introduced into the
diet of infants who are not exclusively breast-fed because
they are a source for the infant formulas, including hypo-
allergenic formulas based on hydrolyzed casein or whey
and amino acids. CM and dairy products (e.g., cheese,

Table 1 General characteristics
of common food allergens Food allergen class Characteristics and allergenic potential

Class 1 •Animal or plant food (nuts, seeds) origin

•Water-soluble glycoproteins

•Molecular mass 10–70 kDa

•Resistant to high temperatures, gastric acid, and proteases

•Ubiquitous in diet

•Primary GI sensitization

Food Major allergen Nomenclaturea

Cow’s milk Caseins, alpha s1, alpha s2, beta, kappa

Whey proteins, e.g.,

Alpha-lactalbumin

Beta-lactoglobulin

Bos d 9, 10, 11,12

Bos d 4

Bos d 5

Hen’s egg white Ovomucoid

Ovalbumin

Gal d 1

Gal d 2

Wheat Omega-5 gliadin Tri a 19

Peanut Vicilin

Conglutin

Glycinin

Ara h 1

Ara h 2

Ara h3

Hazelnut 11 S globulin

2S albumin

Cor a 9

Cor a 14

Class 2 •Plant-derived (nuts, fruits, vegetables)

•Highly homologous with pollen

•Highly heat labile, cooking reduces allergenicity

•Primary sensitization to airborne pollen in the respiratory tract

Peanut PR-10 protein Ara h 8, cross-reacts with Bet v 1

Hazelnut PR-10 protein Cor a 1, cross-reacts with Bet v 1

Apple PR-10 protein Mal d 1, cross-reacts with Bet v 1

Carrot PR-10 protein Dau c 1, cross-reacts with Bet v 1

Celery Profilin Api g 45, cross-reacts with Bet v 2

PR-10 pathogenesis-related protein-10 family, Bet v allergens from birch tree pollen
aWHO/IUIS Allergen Nomenclature Subcommittee, www.allergen.org.
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yogurt, butter) are the major nutritional source of protein,
calories, and calcium for infants and young children under
the age of 2 years [2•]. CMP are among the most common
food allergens in all forms of food allergy and IgE- and
non-IgE-mediated, eosinophilic esophagitis in all age
groups. The frequency of CMP allergy (CMPA) has been
estimated to range from 0.5 to 7.5% in the westernized
countries [2•, 9] [10] [3•, 10, 11].

CMP are classified as class 1 food allergens, due to their
resistance to digestion and heating [12–15]. They do induce
sensitization via gastrointestinal tract. CMP are highly clinical-
ly cross-reactive (>90%) with milks from goat and sheep due
to a high sequence homology (>80%) [16, 17]. In contrast, the
laboratory and clinical cross-reactivity is very low (<5%) with
milks from donkey, mare, buffalo, or camel [18] [19].

Sensitization to Individual Molecules and Its Clinical
Relevance

The patterns of sensitization to the individual CMP vary
significantly by study/country and age of the patients
[20–22]. In general, the majority of subjects are
polysensitized to several casein and whey proteins [23].
Caseins, beta-lactoglobulin, and alpha-lactalbumin are the
major allergens, with over 50% of CM-allergic subjects
having evidence of IgE antibodies directed at these pro-
teins. IgE sensitization to caseins, beta-lactoglobulin, and
alpha-lactalbumin is closely related, whereas IgE sensiti-
zation to bovine serum albumin (BSA) is independent of
other CM proteins, and may reflect cross-reactivity with
beef proteins (see Table 2) [24] [18, 25].

A large study of sensitization among Brazilian population
has been performed last year, including 470 children aged 0–
18 years old, homogeneously allocated according to the diag-
nosis of atopic diseases (food allergies, atopic dermatitis, asth-
ma and/or allergic rhinitis, and wheezing infants) or paired
controls. All children had serum-specific IgE evaluated by
ImmunoCAP system (Thermo Fisher Scientific, Portage,
MI, USA) for different food and inhalant allergens; almost
half of the population were sensitized to cow’s milk (233/
470) (RC, unpublished data). Regarding specific cow’s milk
proteins, approximately 72, 79, 72, and 45% of 233 subjects
were sensitized to alpha-lactalbumin, beta-lactoglobulin, ca-
sein, and serum bovine albumin, respectively.

Among 103 patients with confirmed diagnosis of
cow’s milk allergy, IgE sensitization to alpha-lactalbu-
min, beta-lactoglobulin, casein, and serum bovine albu-
min was detected in 88.7, 93.7, 86.2, and 84.2%, not
different from CM-sensitized but tolerant children
(n = 131; 78.7, 78, 82%, respectively), except for serum
bovine albumin that was lower in tolerant children, 41.8
(P < 0.05).

The Phenotypes of IgE-CMPA

We have reported that the majority of children with mild
IgE-mediated CMPA can tolerate extensively heated
CMP, e.g., in the form of baked products such as muffin
[26–28]. Children with mild CMPA can safely include
baked milk products in the diet and enjoy greater dietary
variety and improved nutritional choices. Inclusion of di-
etary baked milk seems to accelerate acquisition of devel-
opment of tolerance to non-heated milk, compared to
strict avoidance of all forms of milk [28]. In contrast,
children who react to baked milk have more severe
(higher risk for anaphylaxis) and more persistent CMPA.
Children with more persistent CMPA predominantly gen-
erate IgE antibodies directed against sequential CMP epi-
topes, especially casein. Children who tolerate baked milk
and have a more mild and transient CMPA predominantly
generate IgE antibodies directed against conformational
CMP epitopes. Conformational protein epitopes are
destroyed by high temperature, whereas sequential epi-
topes are not altered by high temperature [29]. In a study
that investigated the patterns of IgE and IgG4 antibody
binding to sequential epitopes of CMP with the use of a
peptide microarray, among 41 children, those with current
CMPA had increased epitope diversity compared with
those who outgrew CMPA [30]. Children who tolerated
baked milk products had IgE-binding patterns similar to
those who had outgrown their allergy, but IgG4-binding
patterns that were more similar to those of the allergic
group who reacted to baked milk. Binding to higher num-
bers of IgE peptides was associated with more severe
allergic reactions during oral milk challenge. There was
no association between peptides binding IgG4 and clinical
features of milk allergy. In a competitive peptide micro-
array assay, allergic patients demonstrated a combination
of high- and low-affinity IgE binding to specific epitopes,
whereas baked-tolerant subjects and those who had out-
grown their CMPA demonstrated primarily low-affinity
binding. In this study, greater IgE epitope diversity and
higher affinity, as determined by using the peptide micro-
array, were associated with clinical phenotypes and sever-
ity of CMPA [30].

Persistence of Cow Milk Allergy

The majority of children with CMPA have a very favorable
prognosis, with resolution by school age [31]. However, those
with lifetime peak serum cow milk-specific IgE greater than
50 kUA/L are likely to have persistent CMPA until adoles-
cence or adulthood [32, 33]. Children with CMPA and atopic
dermatitis (median age 3 years) underwent double-blind,
placebo-controlled food challenges annually to evaluate for
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resolution of CMPA [34]. Casein-specific and beta-
lactoglobulin-specific IgE, IgG, IgG1, and IgG4 antibody
concentrations were analyzed in all patients at regular

intervals. In the patients who became clinically tolerant to
CM, the IgE-specific antibody concentrations and IgE/IgG-
specific ratios for both milk proteins were lower initially and

Table 2 Allergens in cow’s milk

Protein name Allergen 

name

Molecular 

mass 

(kDa)

AA # Sensitization 

rates among 

subjects 

with CMPA

Tertiary structure Cross-reactivity

Laboratory/clinical

Curd (coagulum)-Casein family-major allergens
Caseins Bos d 8 20-30 Caseins don’t have a rigid 

tertiary structure but 

develop a random coil 

conformation stabilized by 

hydrophobic interactions

>85% />90% 

with sheep and goat 

milk caseins

Alpha s1-casein Bos d 9 23.6 199 98 
a

Alpha s2-casein Bos d 10 25.2 207 94 
a

Beta-casein Bos d 11 24 209 91 
a

Kappa-casein Bos d 12 19 169 91 
a

Whey (lactoserum)
Alpha-

lactalbumin

Major allergen

Bos d 4 14.2 123; 4 

disulphide 

bridges,70% 

homolgy 

with human 

alpha-

lactalbumin

51

Beta-

lactoglobulin

Protein family:

Lipocalins

Major allergen

Bos d 5 18.3; 

exists as a 

dimer

162; 2 

disulphide 

bridges, one 

free 

cysteine; 

exist as 

isoforms A 

and B;  binds 

and carries 

hydrophobic 

molecules

61

Bovine serum 

albumin; 

Family: Serum 

albumins

Minor allergen

Bos d 6 67 583 43 80%/15-20% wih raw 

beef

Immunoglobulins 

(mostly IgG)

Family: 

Immunoglobulins

Minor allergen

Bos d 7 160 36

Lactoferrin

Family: 

Trasferrins

Minor allergen

800 703; forms 
two 
homologous 
globular dom
ains named 
N-and C-
lobes
Lactoferrin 

exists in 

various 

polymeric 

forms: 

monomers 

to tetramers

35

Source: IUIS Allergen Database, July 2015. The nomenclature derives from the Latin name of the species, e.g., Bovis domesticus, Bos d, whereas the
number indicates the sequence in which the individual proteins has been identified as an allergen
a Percentage of those sensitized to casein Bos d 8

46 Page 4 of 9 Curr Allergy Asthma Rep (2017) 17: 46



decreased significantly with time, in comparison with those in
the group who remained allergic to CM. The concentrations of
IgG1- and IgG4-specific antibody to casein and the IgE/IgG1
and IgE/IgG4 ratios for both casein and beta-lactoglobulin
were significantly lower in the patients who became tolerant
to CM. No differences in the IgG-specific concentrations were
observed in either group at any of the time points, consistent
with poor correlation between food-specific IgG and clinical
manifestations of food allergy [2•, 35]. Monitoring casein-
specific and beta-lactoglobulin-specific IgE concentrations
and IgE/IgG ratios may help predict which patients will de-
velop tolerance to cow milk [34]. In another Finnish study,
serum samples at the time of diagnosis (mean age, 7 months),
1 year later, and at follow-up (mean age, 8.6 years) were
obtained from 11 patients with persistent IgE-mediated
CMPA at age 8 to 9 years and 12 patients who became tolerant
to CM by age 3 years [36]. The binding of IgE, IgG4, and IgA
antibodies to sequential epitopes derived from five major
CMP was measured with a peptide microarray-based immu-
noassay. IgE epitope-binding patterns were stable over time in
patients with persistent CMA, whereas binding decreased in
patients who became tolerant to CM early. Among patients
who became tolerant to CM early, the signal of IgG4 binding
increased and that of IgE decreased over time. IgE and IgG4
binding to a panel of alpha(s1)-, alpha(s2)-, beta-, and kappa-
casein regions predicted outcome with significant accuracy.
Development of tolerance to CM is associated with decreased
epitope binding by IgE and a concurrent increase in corre-
sponding epitope binding by IgG4.

Cow Milk Allergens in Eosinophilic Esophagitis

Cowmilk is the single most common food allergen in children
and adults with eosinophilic esophagitis (EoE) [37]. A subset
of patient with CM-responsive EoE has evidence of IgE sen-
sitization to CMP, although it is generally accepted that IgE
antibodies do not play a role on pathophysiology of EoE. In a
recent study, adults (n = 46) and children (n = 51) with EoE
underwent skin prick testing and serum measurement (whole
and diluted) of IgE antibodies specific for aeroallergens, food
extracts, and individual CM component allergens by
ImmunoCAP and Immuno Solid-Phase Allergen Chip [38].
At all ages, there was a higher prevalence of sensitization to
food extracts by ImmunoCAP than by skin prick testing.
ImmunoCAP assays for specific milk allergens gave positive
IgE antibody results in 31 of 34 sera. The correlations between
specific IgE antibody to alpha-lactalbumin (Bos d 4) or beta-
lactoglobulin (Bos d 5) and milk extract were strong (R = 0.89
and 0.76, respectively;P < 0.001). The IgE responses in cow’s
milk-sensitized patients with EoE are frequently directed
against whey proteins Bos d 4 and Bos d 5.

The Effect of Extensive Heating on CMP Stability
and Allergenicity

CMP contain both conformational and sequential IgE-binding
epitopes. Children with persistent CMPA have been shown to
predominantly generate IgE antibodies directed against se-
quential casein epitopes [39, 40]. Extensive heating, e.g., bak-
ing, affects the allergenicity of CM protein, with caseins being
more resistant to heating compared to whey proteins that are
susceptible to heating [29]. Heating of beta-lactoglobulin re-
sults in formation of the intermolecular disulfide bonds and
binding to other food proteins that result in a reduced allerge-
nicity of beta-lactoglobulin [41]. The majority (70–80%) of
the CM-allergic children tolerate CM as an ingredient in the
baked products [26, 42] [43]. Reactivity to baked milk is a
marker of a more severe and more persistent CM allergy [26,
28] [44]. Inclusion of the baked products containing CM into
the diet of children with CM allergy appears to accelerate
development of tolerance to unheated CM and this approach
has become an accepted clinical practice [3•, 28, 45]. High
levels of specific IgE antibodies directed against casein are
predictive of clinical reactivity to baked milk [42, 46].

Identifying Patients At Risk for Severe Adverse
Reactions to Milk Oral Immunotherapy

Currently there are no proven therapies to cure food allergy
[2•, 47]. Oral immunotherapy (OIT) is currently the most ac-
tively investigated immunomodulatory treatment for milk al-
lergy. The response to OIT varies among individual patients
with a subset experiencing frequent systemic adverse reac-
tions and failure to desensitize. Peptide microarrays have been
utilized to study antibody responses to specific epitopes on
caseins and whey proteins in children undergoing OIT with
milk. Among 32 Finnish children (6–17 years of age) with
CMPA, 26 children successfully completed OIT and six chil-
dren discontinued OIT due to adverse reactions [48]. IgE
binding to CM peptides (αs1-, αs2-, β-, and κ-caseins, and
β-lactoglobulin) decreased and IgG4 binding increased fol-
lowing the OIT in children who achieved desensitization.
Compared with OIT successes, OIT failures (who
discontinued OIT due to adverse reactions) developed in-
creased quantities and affinity of epitope-specific IgE antibod-
ies and a broader diversity of IgE and IgG4 binding, but less
overlap in IgE and IgG4 binding to CM peptides.

Twenty-five Spanish CM-allergic children (median age
5.1 years) underwent CM-OIT and were classified as low,
moderate, and high risks according to the number of allergic
reactions (safety), time required to achieve desensitization (ef-
ficacy), and need of premedication. IgE and IgG4 peptide
microarray immunoassay was performed using a library of
overlapping peptides of CMP (αs1-, αs2-, β-, and κ-caseins,

Curr Allergy Asthma Rep (2017) 17: 46 Page 5 of 9 46



andβ-lactoglobulin) at baseline, after oral desensitization, and
6, 12, and 24 months of follow-up [49]. CM OIT induced a
rapid increase in IgG4 binding and a gradual decrease in IgE
binding to sequential peptide epitopes. High-risk patients rec-
ognized a statistically significantly higher number of peptides
in caseins (IgE binding) at all the times studied. Similar but
less pronounced changes were observed for IgG4-binding
peptides. Clustering analysis grouped together the high-risk
patients; 13 regions of caseins significantly differed between
groups of patients regarding binding of IgE antibodies.
Bioinformatics analysis selected two sets of 16 IgE-binding
peptides at baseline that predicted safety of CM-OIT
(R(2) = 0.858) and efficacy (R(2) = 0.732), respectively.

These results suggest that the detailed analysis of IgE and
IgG4 binding to specific informative CM peptides might pre-
dict whether CM OIT will be tolerated successfully and im-
prove the safety of CM OIT.

Potential Role of MAA in the Diagnosis
of CMPA—What Is the Evidence?

At this time, there is no convincing evidence that MAA is
superior to the whole-extract-based tests for the diagnosis of
unheated milk, although studies have identified casein as the
most predictive major milk allergen in children with CMPA
[20, 50] [51].

However, the differential susceptibility of CMP fractions,
with casein being more resistant than whey proteins, to exten-
sive heating is the basis for utilizing MAA for the purpose of
the diagnosis of allergy to extensively heated (baked) CMP
[29] [29].

In the largest study to date, baseline immunologic data
from 225 patients evaluated for tolerance to baked milk with
an oral food challenge (OFC) were analyzed [46]. At baseline,
serum samples were collected from subjects to measure CM-,
casein-, and β-lactoglobulin-specific IgE as well as casein-
and β-lactoglobulin-specific IgG4 antibody concentrations

with the ImmunoCAP system (Thermo Fisher Scientific,
Portage, MI). The levels of specific IgE to CM, casein, and
β-lactoglobulin were significantly higher in baked milk-
reactive patients compared to baked milk-tolerant subjects
(P < 0.05). Casein- and β-lactoglobulin-specific IgG4 levels
did not differ significantly between subjects reactive and tol-
erant to baked milk. Casein-specific IgE had a significantly
greater accuracy for predicting baked milk reactivity, com-
pared to specific IgE to CM (P = 0.01) and to β-
lactoglobulin (P = 0.02), shown in Fig. 1. All patients with
undetectable levels of specific IgE to casein (n = 25, 11.1%)
tolerated baked milk. Various cutoff levels of specific IgE to
CM, casein, and β-lactoglobulin have been analyzed. Specific
IgE levels representing the 95% specificity of the tests were
chosen as the positive decision points and levels representing
the 95% sensitivity as the negative decision points. These
values were chosen because they are independent of the dis-
ease prevalence. The positive decision point for reactivity to
baked milk was 20.2 kUA/L for casein-specific IgE
(UniCAP). In practice, this means that patients having
casein-specific IgE antibodies greater than 20.2 kUA/L are
unlikely to pass a baked milk challenge and baked milk prod-
ucts should be avoided. In contrast, a concentration lower than
0.94 kUA/L (negative decision point) indicates a very low risk
of reacting to baked milk, even though the patient might react
to regular milk. When giving equal weight to sensitivity and
specificity, the optimal cutoff point was casein IgE of
4.95 kUA/L. The authors concluded that based on the large
cohort of children with CMA, quantitative measurements of
casein-specific IgE antibodies (by UniCAP) are useful in the
management of CMA. Combined with clinical history and the
expertise of the physician, the use of cutoff decision points for
casein IgE could identify the optimal candidates for baked
milk OFCs and improve management of children with
suspected CMA.

In another study, 35 children underwent open challenges to
baked milk and 29 (83%) passed [43]. Compared with those
who passed, children who failed were younger (median age,

Fig. 1 Combined cohort of milk-
allergic patients [42]. Detection of
casein-specific IgE for the
diagnosis of CMPA. Predicted
probabilities of the baked milk
challenge outcome and serum-
specific IgE concentrations to
cow’s milk, casein, and β-
lactoglobulin. Full ROC curves
for the three predictors tested
(cow’s milk-, casein-, and β-
lactoglobulin-specific IgE) in the
combined cohort of milk allergic
patients (n = 225)
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8.9 and 3.7 years, respectively;P = 0.02). Children with a milk
skin prick test (SPT) wheal less than 12 mm were more than
90% likely to pass a baked milk challenge, and no child with
milk SPTwheal less than 7 mm failed a baked milk challenge.
A casein SPTwheal ≤9 mm, a milk serum IgE (sIgE) level of
1.0 kUA/L, and a casein sIgE level of 0.9 kUA/L had a 90%
positive predictive value for passing baked milk challenge.

Among 132 children who were initially classified as baked
milk-reactive or baked milk-tolerant or having “outgrown
milk allergy” based on the results of oral food challenges,
significant differences across the clinical groups were ob-
served for median casein- and milk-specific IgE levels,
casein-specific IgG4 levels, and casein IgE/IgG4 ratios; milk-
specific to non-specific basophil activation ratio, median ba-
sophil reactivity, and spontaneous basophil activation
(CD203c expression after stimulation with RPMI); and milk
SPTwheal diameters [42]. Casein- and milk-specific IgE lev-
el, milk-specific basophil reactivity, and milk SPT wheal di-
ameter were all significantly greater among baked milk-
reactive children compared to baked-tolerant children. When
receiver operating curves were generated, casein IgE had the
largest area under the curve indicating a greater diagnostic
accuracy for tolerance to baked milk compared to CM-IgE,
CM-skin prick test wheal diameter, and milk-specific basophil
reactivity.

Collectively, these data support the utility of measuring IgE
to casein to determine tolerance to baked milk. It should be,
however, noted that the diagnostic accuracy of MAA for
baked milk allergy is inferior compared with MAA for peanut
or tree nuts [1•, 4]. This is explained by a less distinct differ-
ence between the allergenicity of casein versus whey proteins
compared to the difference between the allergenicity of birch
pollen cross-reactive proteins (Ara h 8) versus storage seed
proteins, e.g., Ara h 2 [1•].

Conclusions

CMP remain one of the most common food allergens in in-
fancy and childhood in IgE- and non-IgE-mediated food aller-
gic disorders. Most individuals with CMPA are sensitized to
both caseins and whey proteins. MAA is not superior to con-
ventional diagnostic tests based on the whole allergen extracts
for diagnosis of CMPA. However, MAA can be useful in
diagnosing tolerance to extensively heated milk proteins in
baked foods, reflective of the higher susceptibility of whey
proteins compared to caseins to high temperature. Children
with CMPA and high levels of casein IgE are less likely to
tolerate baked milk compared to children with low levels of
casein IgE. Specific IgE-binding patterns to casein and beta-
lactoglobulin peptides may predict the natural course of
CMPA and differentiate subjects who are more likely to de-
velop CMPA at a younger age versus those with a more

persistent CMPA. Specific IgE-binding patterns to casein
and beta-lactoglobulin peptides may also predict response to
milk OITand identify patients most likely to benefit fromOIT.
More studies are needed to fully understand the application
and limitations of MAA for CMPA diagnosis and
management.
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