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Sensitization patterns of cow’s milk and major 
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Background: Cow’s milk (CM) is one of the most common food allergens in children with atopic dermatitis (AD), and the component-
specific immunoglobulin E (component-IgE) measurement has recently become available.
Objective: This study aimed to investigate the sensitization patterns to CM and 3 major components and their clinical values in young 
Korean children with AD.
Methods: Cow’s milk-specific IgE (CM-IgE), α-lactalbumin-specific IgE (ALA-IgE), β-lactoglobulin-specific IgE (BLG-IgE), and casein-
specific IgE (Cas-IgE) levels from the sera of patients with AD were measured using the UniCAP™ system (Thermo Fisher Scientific, 
Sweden) and collected from January 2004 to December 2010. Patients ≥ 4 years of age were excluded from the analysis.
Results: A total of 950 patients diagnosed with AD were ultimately enrolled in the study. Among them, 471 (49.6%) patients were 
sensitized to CM (CM-IgE[+], > 0.35 kU/L). Sensitization to casein (n = 349, 74.1%) was most common, followed by ALA (n = 283, 60.1%), 
and BLG (n = 245, 52.5%). Meanwhile, 95 patients had at least 2 follow-up tests. Eighty (84.2%) of these patients tested positive to CM, 
and the casein sensitization rate was the highest (n = 65, 81.3%). In addition, 479 (50.4%) patients were not sensitized to CM (CM-IgE[−], 
≤ 0.35 kU/L) but 35 (7.3%) patients were sensitized to at least one component. Among them, a telephone survey was accessible in 21 
cases. A total of 8 (38.1%) patients still suffered from adverse reactions after consuming milk and/or dairy foods.
Conclusion: Casein was the most commonly and persistently sensitized component in CM-IgE(+) children with AD. Measuring CM 
component IgE antibodies, especially Cas-IgE, is helpful for evaluating problematic allergens in young children with AD.
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INTRODUCTION

Food allergies affect up to 6% of children in the first few years 
of life, and approximately 50% of patients with atopic dermatitis 
(AD) have at least one food allergy [1, 2]. Cow’s milk (CM) is one of 
the most common causes of food allergy, with 2-3% of children < 
3 years of age having allergic reactions to CM [3-5]. Although 70-
80% of these affected children outgrow the sensitivity by the age 
of 3, the other 20-30% do not [4, 5].

Several studies have aimed to identify the correlations between 
clinical CM allergy and component-specific immunoglobulin E 
(IgE) antibodies (component-IgE) in children with CM allergy. 
CM proteins are divided into 2 groups: casein and whey. Casein 
accounts for approximately 80% of the total protein content in CM, 
while whey proteins comprise the rest. Newly developed methods 
have demonstrated that casein consists of 4 protein fractions, αs1-
, αs2-, β-, and κ-casein, comprising 32%, 10%, 28%, and 10% of 
the total CM protein, respectively [6]. The whey fraction contains 
α-lactalbumin (ALA) and β-lactoglobulin (BLG), which comprise 5% 
and 10% of the total CM protein, respectively [7].

Studies have indicated that children with higher concentrations 
of specific IgE antibody to CM (CM-IgE) are predisposed to 
persistent CM allergy [8, 9]. Further studies have documented that 
children with persistent CM allergy have elevated levels of casein-
specific IgE antibodies (Cas-IgE) compared with children who have 
transient CM allergy [8, 10]. Hence, Cas-IgE is dominant in older 
children and adults with CM allergy [11, 12].

In addition, the identification of the epitopes of an allergenic 
molecule has provided a growing body of evidence that suggests 
that casein is a major allergenic component that should be 
measured in the course of managing CM allergy to evaluate 
whether an individual has clinically or serologically outgrown the 
allergy. Microarray technology has confirmed that IgE to distinct 
allergenic components of CM proteins can be used as a marker 
of persistent allergy [6, 13]. Indeed, αs1-casein was predominantly 
observed in persistent CM allergy [13, 14].

With these backgrounds, to evaluate the patterns and clinical 
significance of CM and major CM components in children with AD, 
we sought to measure the concentrations of IgE to CM and CM 
components in infants and young children.

MATERIALS AND METHODS

 Subjects
From January 2004 to December 2010, 950 patients < 4 years of 

age visited our outpatient clinic for AD, and to exclude CM allergy, 
their concentrations of IgE to CM, ALA, BLG, and casein were 
evaluated. Medical records were reviewed and a telephone survey 
was used to document each patient’s current symptoms upon 
milk intake. Patients with either a convincing or vague history of 
CM allergy were included. We considered urticaria, angioedema, 
and anaphylaxis as convincing histories, while patients who had a 
history of aggravated AD after the ingestion of dairy foods and/or 
CM and/or breast milk without having completed a confirmative 
food challenge test met the definition of vague history. Subjects 
were divided into 2 age groups (< 2 years of age, 2-4 years of age) 
and patients who underwent a follow-up test every 6-12 months 
after milk avoidance were defined as follow-up patients.

Analyses of specific IgE levels to CM, ALA, BLG, and 
casein

Venous blood samples of all patients were collected at their first 
visits. The obtained serum probes were stored at -20℃ and further 
analyses were performed within 5 days. Specific IgE levels to CM 
(CM-IgE), ALA (ALA-IgE), BLG (BLG-IgE), and casein (Cas-IgE) in 
the patients’ sera were measured and collected using a UniCAP™ 
system (Thermo Fisher Scientific, Uppsala, Sweden) according to 
manufacturer’s instructions. Levels > 0.35 kU/L were defined as 
“positive,” while patients with positive results were identified as 
“sensitized” to the allergen(s). The diagnostic decision points (DDP) 
of CM were then quoted from earlier studies [15, 16]. Patients < 2 
years of age with CM-IgE levels ≥ 5 kU/L and patients 2-4 years of 
age with CM-IgE levels ≥ 15 kU/L were identified as “sensitized to 
CM at over DDP.”

Statistics
Microsoft Excel 2010 was used to calculate the positive rate 

among the various groups. All statistical tests were 2-sided, and a 
level of significance < 5% was considered significant. Bonferroni 
correction was used to compare paired values among subjects. 
Corrective data were calculated by R version 2.14.1. Spearman’s 
coefficient with SPSS version 17.0 software (SPSS, Chicago, IL, USA) 
was used to analyze the correlations among the concentrations of 
CM-, ALA-, BLG-, and Cas-IgE.
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RESULTS

Subjects
A total of 950 patients were included in this study. All of these 

children were diagnosed with AD during their first 4 years of life. 
The diagnosis was confirmed by our investigators according to 
the criteria of Hanifin and Rajka [17]. A total of 858 (90.3%) patients 
were < 2 years of age, while 92 (9.7%) patients were 2-4 years of 
age. The median age was 2 years (range, 1 month to 3 years, 11 
months). The subjects were predominantly male (n = 607, 63.9%).

Sensitization rate of specific IgE to CM, ALA, BLG, and 
casein

A total of 471 (49.6%) patients were sensitized to CM. 
Regardless of CM-IgE concentration, the sensitization rate to CM 
was significantly higher in the older age group (412/858, 48.0% 
vs. 59/92, 64.1%; p < 0.005). The most commonly sensitized 
component in CM-IgE(+) patients was casein, followed by ALA 
and BLG in all patients and the younger age group, respectively 
(p < 0.001). Among all subjects, Cas-IgE was positive in 74.1% (n = 
349), ALA-IgE in 60.1% (n = 283), and BLG-IgE in 52.5% (n = 245). 
In the younger age group, Cas-IgE was positive in 74.0% (n = 305), 
ALA-IgE in 60.0% (n = 247), and BLG-IgE in 53.4% (n = 220). In the 
older age group, the positive rate of Cas-IgE was higher than that 

of BLG-IgE (44/59, 74.6% vs. 25/59, 42.4%; p < 0.005) and ALA-IgE 
(44/59, 74.6% vs. 36/59, 61.0%; p = 0.503) (Table 1).

Moreover, the sensitization rate to casein was highest regardless 
of the DDP. In the younger age group, 264 (64.1%) patients had 
a CM-IgE concentration lower than the DDP; of them, Cas-IgE 
positivity was higher than that for ALA-IgE (62.9% vs. 50.8%; p = 
0.415) and BLG-IgE (62.9% vs. 39.8%; p = 1.133). The prominent 
sensitization rate to Cas-IgE was even more significant in younger 
patients with CM-IgE concentrations higher than the DDP. A total 
of 93.9% (n = 139) of them were sensitized to casein, while the 
positive rate of ALA-IgE (n = 113) was 76.4% and that of BLG-
IgE was 77.7% (p < 0.001). In the older age group with CM-IgE 
concentrations lower than the DDP (n = 51), the sensitization rate 
to Cas-IgE was higher than that to ALA-IgE (70.6% vs. 54.9%; p = 
0.455) and BLG-IgE (70.6% vs. 33.3%; p < 0.005). In the older age 
group with a higher CM-IgE concentration than DDP (n = 8), the 
sensitization rates to all 3 components were 100% (Table 2).

Sensitization rate of specific IgE to CM, ALA, BLG, and 
casein in follow-up patients

A total of 95 patients had at least 2 follow-up tests after milk 
avoidance. Among them, 84% (n = 80) were persistently sensitized 
to CM in their final test. Cas-IgE was more commonly detected 
than ALA-IgE (81.3% vs. 58.8%; p = 0.010) and BLG-IgE (81.3% vs. 

Table 2. Sensitization rate of ALA-, BLG-, and Cas-IgE according to the diagnostic decision points of cow’s milk (CM) by age in infants and young 
children with atopic dermatitis

CM-IgE*
< 2 yr ≥ 2 and < 4 yr

> 0.35kU/L
and < 5 kU/L ≥ 5 kU/L > 0.35 kU/L

and < 15 kU/L ≥ 15 kU/L

ALA-IgE† > 0.35 kU/L 134/264 (50.8%) 113/148 (76.4%) 28/51 (54.9%) 8/8 (100%)

BLG-IgE‡ > 0.35 kU/L 105/264 (39.8%) 115/148 (77.7%) 17/51 (33.3%) 8/8 (100%)

Cas-IgE§ > 0.35 kU/L 116/264 (62.9%) 139/148 (93.9%) 36/51 (70.6%) 8/8 (100%)
*cow’s milk specific IgE, †alpha lactalbumin specific IgE, ‡beta lactoglobulin specific IgE, §casein specific IgE.

Table 1. Sensitization rate of CM-, ALA-, BLG-, and Cas-IgE in children with atopic dermatitis

Total < 2 yr ≥ 2 and < 4 yr p value*

CM-IgE† > 0.35 kU/L 471/950 (49.6%) 412/858 (48.0%) 59/92 (64.1%) <0.005

ALA-IgE‡ > 0.35 kU/L 283/471 (60.1%) 247/412 (60.0%) 36/59 (61.0%)   0.980

BLG-IgE§ > 0.35 kU/L 245/471 (52.5%) 220/412 (53.4%) 25/59 (42.4%)   0.150

Cas-IgE‖ > 0.35 kU/L 349/471 (74.1%) 305/412 (74.0%) 44/59 (74.6%)   1.000
*Comparison of two age groups (Bonferroni correction, Corrective data was calculated by R version 2.14.1), †cow’s milk specific IgE, ‡alpha lactalbumin 
specific IgE, §beta lactoglobulin specific IgE, ‖casein specific IgE.
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 50.0%; p < 0.001). In addition, concentrations of CM-IgE in follow-
up patients were further evaluated with DDP according to age. In 
both age groups with CM-IgE concentrations higher than the DDP, 
Cas-IgE positivity was 100% (26/26, 100% vs. 12/12, 100%) (Table 3).

Clinical symptoms in patients who were CM-IgE-
negative but CM component-IgE-positive

Among the 950 total subjects, 479 (50.4%) patients were not 
sensitized to CM. Of them, 35 (7.3%) were sensitized to ALA, 
BLG, or casein. A telephone survey was conducted and detailed 
recent clinical reactivity to CM was collected in 21 cases. Eight 
(38.1%) patients had adverse reactions upon dairy food intake. 
Five of them had a definite history of IgE-mediated reactions. One 
patient who was ALA-IgE(+) and CM-IgE(−) experienced a rash 
and swelling immediately after milk intake. Two patients who 
were Cas-IgE(+), one who was ALA-IgE(+), and another who was 
BLG-IgE(+) and CM-IgE(−) developed rashes upon ingesting large 
quantities of milk (200-800 mL). The other 3 patients experienced 
diarrhea 2-4 hours after milk ingestion. Challenge tests were not 

performed in these patients (Table 4).

Correlation coefficient comparing CM-IgE and CM 
component-IgE concentrations

To understand the correlation between the CM-IgE and 
component-IgE concentrations in children with AD, we analyzed 
the concentrations of CM-, ALA-, BLG-, and Cas-IgE in each 
subject. There was a strong positive correlation between the 
concentrations of CM-IgE and Cas-IgE (r = 0.806; p < 0.001). 
Further, statistically significant correlations between CM-IgE 
and ALA-IgE concentrations (r = 0.494; p < 0.001) and BLG-IgE 
concentration (r = 0.613; p < 0.001) were observed (Figs. 1, 2, and 3).

DISCUSSION

Food allergy is a risk factor of the development, persistence, and 
exacerbation of AD and has been shown to trigger AD in 30-40% 
of children with moderate to severe AD [18]. Therefore, upon the 

Table 3. Sensitization rate of ALA-, BLG-, and Cas-IgE  in follow-up patients according to the diagnostic decision points of cow’s milk (CM) by 
age in infants and young children with atopic dermatitis

CM-IgE*
Total < 2 yr ≥ 2 and < 4 yr

> 0.35 kU/L ≥ 5 kU/L ≥ 15 kU/L
ALA-IgE† > 0.35 kU/L   47/80 (58.8%) 21/26 (80.1%) 9/12 (75%)

BLG-IgE‡ > 0.35 kU/L 40/80 (50%) 16/26 (61.5%) 9/12 (75%)

Cas-IgE§ > 0.35 kU/L  65/80 (81.3%) 26/26 (100%) 12/12 (100%)
*cow’s milk specific IgE, †alpha lactalbumin specific IgE, ‡beta lactoglobulin specific IgE, § casein specific IgE.

Table 4. Recent clinical symptoms in patients who were CM-IgE(−) but CM component-IgE(+)

Patient No. Sex Age
(months) CM-IgE* ALA-IgE† BLG-IgE‡ Cas-IgE§ CM provoked 

symptoms
1 M 5 0.30 kU/L 0.40 kU/L 0.30 kU/L 0.30 kU/L Rash, Swelling

2 M 36 0.35 kU/L 0.35 kU/L 0.35 kU/L 0.36 kU/L Rash

3 F 14 0.30 kU/L 0.30 kU/L 3.05 kU/L 0.30 kU/L Rash

4 M 12 0.35 kU/L 1.15 kU/L 0.35 kU/L 0.35 kU/L Rash

5 M 8 0.30 kU/L 0.30 kU/L 0.30 kU/L 0.38 kU/L Rash

6 M 6 0.30 kU/L 0.38 kU/L 0.12 kU/L 0.18 kU/L Diarrhea

7 F 36 0.35 kU/L 0.35 kU/L 0.35 kU/L 1.35 kU/L Diarrhea

8 F 4 0.35 kU/L 0.81 kU/L 0.35 kU/L 0.35 kU/L Diarrhea

*cow’s milk specific IgE, †alpha lactalbumin specific IgE, ‡beta lactoglobulin specific IgE, §casein specific IgE.
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development eczema, young children often visit the pediatrician 
and receive diagnoses of AD and food allergy. The use of double-
blind, placebo-controlled food challenges has revealed that the 
major symptom-provoking foods include egg, milk, wheat, and 

soy. Therefore, many clinicians adopt the above food screening 
test when they assess patients with AD, especially those who 
develop it at the time they are weaned from breastfeeding [19, 
20]. CM is one of the most important food allergens in children; 
therefore, we evaluated the sensitization rate of CM and its 3 major 
components in relatively large numbers of patients < 4 years of 
age with AD. Although we could not perform the challenge test, 
we aimed to evaluate the sensitization rate to CM as well as each 
major component and elucidate their correlations to find the 
persistency markers for CM sensitization.

The UniCAP™ system (Thermo Fisher Scientific) is considered 
a clinically useful laboratory test because the concentrations of 
allergen-specific IgE are correlated with blinded food challenges 
to a few selected foods including CM. Several studies have shown 
a correlation between the concentration of allergen-specific IgE 
and the probability of clinical reactivity [15, 16]. Lower IgE levels 
are associated with earlier resolution of food allergy, and the rate 
of the decrease of serum IgE levels can be a predictor of when 
challenges are appropriate [21, 22]. However, without a history of 
a suspected allergic reaction, a “diagnostic” point alone cannot 
be used to diagnose a definite food allergy. Furthermore, patients 
who are not sensitized to (< 0.35 kU/L) certain foods still have 
a probability of clinical reactions because the antigens in the 
UniCAP™ system (Thermo Fisher Scientific) do not always include 

Fig. 1. Correlation between the concentration of CM-IgE and ALA-
IgE in infants and young children with atopic dermatitis. There was a 
statistically significant correlation between the levels of CM-IgE and ALA-
IgE (r = 0.494; p < 0.001). CM-IgE, cow’s milk-specific IgE (kU/L); ALA-IgE, 
α-lactalbumin-specific IgE (kU/L).

Fig. 2. Correlation between the concentration of CM-IgE and BLG-IgE 
in children with atopic dermatitis. There was a statistically significant 
correlation between the level of CM-IgE and ALA-IgE. (r = 0.613; p < 0.001).
CM-IgE, cow’s milk-specific IgE (kU/L); BLG-IgE, β-lactoglobulin-specific 
IgE (kU/L).

Fig. 3. Correlation between the concentration of CM-IgE and Cas-IgE 
in children with atopic dermatitis. There was a statistically significant 
correlation between the level of CM-IgE and Cas-IgE (r = 0.806; p < 0.001).
CM-IgE, cow’s milk-specific IgE (kU/L); Cas-IgE, casein-specific IgE (kU/L).

100.000

80.000

60.000

40.000

20.000

0.000

0.00 20.00

r = 0.494
p < 0.001

40.00 60.00

CM-lgE (kU/L)

AL
A-

lg
E (

kU
/L

)

80.00 100.00

100.000

80.000

60.000

40.000

20.000

0.000

0.00 20.00

r = 0.613
p < 0.001

40.00 60.00

CM-lgE (kU/L)

BL
G-

lg
E (

kU
/L

)

80.00 100.00

100.000

80.000

60.000

40.000

20.000

0.000
0.00 20.00

r = 0.806
p < 0.001

40.00 60.00

CM-lgE (kU/L)

Ca
s-l

gE
 (k

U/
L)

80.00 100.00



apallergy.org

Lee JM, et al. 
Asia Pacific
allergy

http://dx.doi.org/10.5415/apallergy.2013.3.3.179184

whole problematic food proteins [21, 23].
Cross-reactivity between unpredictable foods remains a 

possible problem in patients with suspected food allergies [23]. 
Nevertheless, in vitro measurement is preferred in patients with 
skin diseases such as AD or urticaria. In addition, numerous studies 
have suggested that the component is the best discriminator 
between persistent and transient CM allergy [6, 8, 11]. Severe 
reactions to CM can be predicted by the high levels of CM-IgE 
and Cas-IgE in combination with asthma [11, 24]. Moreover, casein 
was often found to be the cause of reactions in patients with CM 
allergy who ate so-called non-dairy products that actually used 
casein as an extender (e.g., sausage, soups, and stews) [11, 25]. 
However, those previously quoted reports were mostly performed 
in Western countries. One feature of food allergies is that the 
prevalence and etiology differ from country to country under the 
influence of region, food culture, and age [26]. Therefore, this study 
aimed to analyze the distributions of specific IgE levels to whole 
CM and CM components in infants and young children in Korea. 
The median age of the patients in the current study was 2 years, 
and many of them had no prior exposure to milk.

This study has limitations in that the patients’ clinical symptoms 
were gathered without the use of confirmative challenge tests. 
Since patients are not clinically confirmed allergic to milk but 
only sensitized to CM, the severity of clinical reactivity, possibility 
of regression, and the possibility of tolerance according to the 
levels of CM-IgE or component-IgE could have not been assessed. 
However, this study’s findings indicated that approximately half 
of these young patients with AD were sensitized to CM and that, 
regardless of age or CM-IgE concentration, sensitization to casein 
is most common among the 3 available components. Sensitization 
to CM is more significant at older ages, but careful analysis is 
needed because older patients in this study tended to have rather 
confident CM allergy histories compared to the infants, who still 
needed to undergo a food allergen screening test.

Understanding the major problematic allergens in food allergy 
is still an important issue, especially for infants and young children 
with AD whose parents need awareness before they wean their 
children from breastfeeding. After a patient is diagnosed with a 
food allergy, the general treatment principles at this age include 
strict avoidance of the food and considering a maternal elimination 
diet in breastfed infants [27, 28]. In practice, when we assess infant 
AD for the first time, we face the dilemmas of what to do and 
how to do it for the diagnosis. Infants are rarely directly exposed 
to a particular food, so adverse reaction histories to that food 

are vague. History alone is not enough to select which allergen-
specific IgE tests need to be performed. Furthermore, infants 
are too young for skin prick tests to assess allergen sensitization. 
Moreover, the use of a radioallergosorbent test alone does not 
provide sufficient results in some patients, particularly those in this 
age group whose concentrations of specific IgE to certain foods is 
often very low [28]. Therefore, to make a food allergy diagnosis in 
infants, clinicians must first understand the possible allergens in 
order of priority. This study demonstrated the value of measuring 
CM-IgE in young children with AD.

Moreover, the results of this study suggest that casein is an 
important component that should never be omitted from food 
allergy evaluations in infants. Here we analyzed the data of both 
infants (< 2 years of age) and young children 2-4 years of age with 
AD and correlated the findings with the DDP, which has a 95% 
positive predictive value of clinical reactivity. Casein was revealed 
as the most commonly sensitized allergen in patients who 
were CM-IgE(+). In addition, follow-up of patients revealed that 
sensitization to casein was significant in patients with persistent 
CM-IgE(+). This result implies that measuring CM component-IgE, 
especially Cas-IgE with CM-IgE, is critical for assessing CM allergy. 
Moreover, to predict outgrowth of or tolerance to CM, additional 
evaluations of CM component-IgE are definitely needed.

Meanwhile, the possibility of adverse reactions to CM in patients 
who are CM-IgE(−) supports the notion that CM component-
IgE measurements should be included to clearly identify CM 
allergies. In this study, 7.3% of patients who were CM-IgE(−) were 
sensitized to CM component-IgE, while 38.1% had adverse (broad 
and suspected IgE-mediated) reactions to dairy foods. Positive 
correlations between the level of CM-IgE and CM component-
IgE were also demonstrated in this study. Cas-IgE was positively 
correlated with CM-IgE, and this correlation was even stronger 
than that for ALA-IgE or BLG-IgE and CM-IgE.

In conclusion, we suggest that clinicians screen for CM 
component-IgE, especially Cas-IgE, with CM-IgE to identify the 
causative food and then perform follow-up studies to more 
precisely predict the clinical progress of patients at risk of CM 
allergy.
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