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Abstract
Background: Cow’s milk (CM) allergy is the second most 
common food allergy developed during infancy in Japan. To 
identify predictors of persistent CM allergy, we investigated 
the tolerance acquisition rate based on an oral food chal-
lenge in children under 6 years of age, diagnosed with im-
mediate-type CM allergy. Methods: This retrospective co-
hort study included 131 children born in 2005 with a history 
of immediate allergic reaction to CM, of whom 39 were ex-
cluded because of ongoing oral immunotherapy (n = 18) or 
a lack of follow-up data (n = 21). The 92 remaining partici-
pants were followed for 6 years. Tolerance was defined as no 
adverse reaction to 200 mL of CM and regular intake of milk 
at home. Subjects were divided into 3 groups based on age 
at tolerance acquisition: group I (<3 years; n = 31), group II 
(3–6 years; n = 42), and group III (persistent allergic group;  
n = 19). Results: Tolerance acquisition rates by 3, 5, and 6 years 
of age were 32.6% (30/92), 64.1% (59/92), and 84.8% (70/92), 
respectively. Age at first hospital visit was significantly higher 

in groups II and III than in group I (p < 0.001). The incidence of 
anaphylaxis to other foods was also higher in group III than in 
group I (p = 0.04), as was CM-induced anaphylaxis (p = 0.03). 
Furthermore, milk and casein-specific immunoglobulin E (IgE) 
levels were significantly higher in group III than in group II af-
ter birth and remained high thereafter (p < 0.05). Conclusions: 
The history of anaphylaxis and high milk-specific IgE levels 
were associated with persistent CM allergy.

© 2018 S. Karger AG, Basel

Cow’s milk (CM) allergy is the most widespread food 
allergy among young children, with a 2–3% global preva-
lence [1–4], although the rates vary geographically. In Ja-
pan, CM allergy is the second most common food allergy 
in young children [5]. Although there are several reports 
concerning the natural history of CM allergy from the 
USA and European countries [1–4, 6–9], few studies have 
examined it in Asian countries, and only 2 studies have 
examined the natural history of food allergies in Japan 
[10, 11]. However, the tolerance acquisition rates based 
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on oral food challenge (OFC) and predictors of persistent 
food allergy in Japanese children up to 6 years of age have 
not been explored thus far. OFC is a routine diagnostic 
procedure for diagnosing food allergy and is widely per-
formed in Japan [12].

The aim of this study was to identify the predictors of 
persistent CM allergy and to investigate the tolerance ac-
quisition rate based on OFC in children under 6 years of 
age, diagnosed with immediate-type CM allergy. Our ret-
rospective cohort study evaluated clinical records from 
131 children born in 2005, who were allergic to CM and 
had been treated at the Department of Pediatrics, Sagami-
hara National Hospital (Kanagawa, Japan). They were 
followed until 6 years of age. All subjects had a history of 
immediate allergic reaction to CM, characterized by acute 
urticaria, angioedema, difficulty in breathing, wheezing, 
throat tightness, and/or vomiting. Subjects with high 
milk-specific immunoglobulin E (IgE) levels but a nega-
tive OFC result, those who did not consume CM based 
only on high milk-specific IgE levels, those undergoing 
CM oral immunotherapy, and those with an incomplete 
medical history for the observation period were excluded 
from the study.

Tolerance to CM was determined based on the OFC 
results. In the present study, participants were subjected 
to OFC if more than 1 year had lapsed since the last im-
mediate allergic response to CM, to confirm tolerance or 
when requested by patients or guardians, provided that 
serum analysis showed reduced CM-specific IgE levels. 
Subjects tolerant to CM were defined as those who in-
gested 200 mL of milk without symptoms several times 
after negative results of OFC. Patients who tolerated 25 
mL of milk or 48 g of yogurt during the OFC gradually 
increased their intake at home, and if they were able to 
ingest 200 mL of milk, they were considered tolerant. The 
following factors were analyzed for their association with 
age at tolerance acquisition: patient background (gesta-
tional age; birth weight; type of delivery; sex; method of 
nutrition during infancy; age at weaning; pet ownership; 
passive smoking; number of siblings; age at first visit to 
our hospital; complication rates of bronchial asthma, 
atopic dermatitis, allergic rhinitis, and allergic conjuncti-
vitis before 3 years of age), family history of allergic com-
plications (including bronchial asthma, atopic dermatitis, 
allergic rhinitis, and allergic conjunctivitis), and other 
food allergy factors (age at onset, age at food allergen 
elimination, and any other history of food-induced ana-
phylaxis).

In total, 131 children with a history of immediate-type 
allergic reaction following CM ingestion visited our de-

partment. Among them, 39 subjects were excluded based 
on ongoing oral immunotherapy (n = 18) or a lack of 
follow-up data (n = 21). The remaining 92 participants 
were followed for 6 years. Tolerance was defined as no al-
lergic reaction against 200 mL of CM and regular intake 
of milk at home. Subjects were divided into 3 groups 
based on age at tolerance acquisition: group I (<3 years;  
n = 31), group II (3–6 years; n = 42), and group III (per-
sistent allergic group; n = 19) (online suppl. Fig. 1; see 
www.karger.com/doi/10.1159/000486311 for all online 
suppl. material).

The correlation between subject age and tolerance to 
200 mL of CM is shown in Figure 1. Tolerance acquisition 
rates at 3, 5, and 6 years were 32.6% (30/92), 64.1% (59/92), 
and 84.8% (70/92), respectively. The age at the first visit 
to our hospital was significantly higher in groups II and 
III compared to group I (p < 0.001). The total number of 
CM-induced anaphylactic events was significantly higher 
in group III than in group I (p = 0.03). It was also signifi-
cantly higher than the number of food-induced anaphy-
lactic events (p = 0.04) (online suppl. Table 1). No sig-
nificant differences were noted among the 3 groups with 
regard to details other than the clinical information cited 
above (online suppl. Table 1). Milk- and casein-specific 
IgE levels in group III remained significantly higher than 
those in group I (p < 0.05). Specifically, IgE levels re-
mained low in group I throughout the observation peri-
od, and the highest levels were observed among group II 
subjects at 6–12 months of age, which remained elevated 
thereafter. In contrast, specific IgE levels gradually in-
creased during the study period in group III (online  
suppl. Fig. 2).

In the present study, based on the OFC results, ap-
proximately 80% of children with immediate-type CM 
allergy could acquire tolerance until 6 years of age. A his-
tory of anaphylaxis and high milk-specific IgE levels were 
associated with persistent CM allergy at 6 years of age. 
Several reports on the natural history of food allergy have 
been published from the USA and European countries 
[1–4, 6–9]. Although the reported rates of CM allergy 
resolution vary by region and study design [3], a pan-
European birth cohort study of 12,049 children in 9 
countries by Schoemaker et al. [1] found a CM allergy 
rate of 0.59%, as confirmed by OFC. Of those with IgE-
mediated CM allergy, 57% developed tolerance within 1 
year of diagnosis [1]. It is possible that the observed tol-
erance acquisition rate in our study was lower than those 
of these cohort studies because all the subjects of our 
study were from a single study site. Since our institution 
is a specialty hospital for allergy, patients with severe 
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conditions tend to visit the tertiary hospital only after 
becoming older because they visit the primary hospital 
during the initial stages. Therefore, the severity of CM 
allergy in our study might differ from that of the general 
population.

Meanwhile, it is possible that some of the subjects in 
this study ingested small amounts of milk before under-
going the OFC, which could affect the rate of tolerance 
[13]. In this study, we did not account for subjects con-
suming milk products before OFC. Moreover, subjects 
received nutritional guidance after an OFC with 25 mL 
milk and consumed higher amounts of milk, which makes 
it possible to improve the tolerance rate of milk allergy. 
Although some of the children allergic to CM had reac-
tions after ingestion of a certain amount of CM, some 
could consume very low doses of CM without undergoing 
any allergic reaction [13].

With respect to patient background and other food al-
lergy factors, Skripak et al. [7] specified that complica-
tions of bronchial asthma, atopic dermatitis, and high 
milk-specific IgE levels negatively affected tolerance ac-
quisition, whereas milk-specific IgE levels, milk skin 
prick test wheal size, and atopic dermatitis severity at di-
agnosis were the strongest predictors of CM allergy reso-
lution in a separate US study [6]. An earlier study by our 
department suggested that complications related to vari-

ous food allergies, a history of anaphylaxis, other allergic 
diseases (atopic dermatitis), and high antigen-specific IgE 
levels were most predictive of resolution [11]. Similarly, 
the present study indicated that a history of anaphylaxis 
triggered by any food (p = 0.03) or specifically CM (p = 
0.04) was significantly more frequent in group III than in 
groups I and II. 

Wood et al. [6] reported that the milk IgE level was an 
important predictor of the resolution of milk allergy. In 
our study, milk-specific IgE levels of groups II and III at 
6 months of age were significantly higher than that of 
group I. It was not possible to investigate differences in 
casein-specific IgE levels because of the small number of 
subjects who underwent blood sampling at 6 months; 
however, significant differences were observed from the 
age of 1 year, similar to the trends seen for milk-specific 
IgE levels. These findings suggest that increased milk-
specific IgE levels may also be a predictive factor for per-
sistent CM allergy.

Several limitations of our study should also be consid-
ered when reviewing the data. First, most notably, this 
was a retrospective study using medical records, and the 
timing of the OFC might not exactly be defined by age. 
Second, the participants did not undergo double-blind, 
placebo-controlled food challenges, which are gold stan-
dards for food allergy diagnosis. Third, patients with mild 
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Fig. 1. Age-dependent rate of tolerance ac-
quisition for 200 mL of cow’s milk (CM). 
White and shaded bars represent intolerant 
(persistent CM allergy) and tolerant pa-
tients, respectively.
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CM allergy did not visit our specialty hospital, because 
they visited the primary hospital. 

In conclusion, this analysis, based on the results of 
OFC, revealed that a history of anaphylaxis and high 
milk-specific IgE levels were risk factors involved in per-
sistent CM allergy.
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1

Supplementary figure 1. Flow diagram of the study methodology.

Patients with immediate-type CM allergy born in 2005 were enrolled in the study (n = 131).

Among them, 39 subjects were excluded. The remaining 92 subjects were divided into 3

groups based on age at tolerance acquisition as follows: group I (n = 31), group II (n = 42), and

group III (n = 19).

Supplementary figure 2. Association between milk- and casein-specific IgE levels and age.

Participants in groups I, II, and III are represented by circles, squares, and triangles,

respectively. Milk- and casein-specific IgE levels are shown below each graph. *p < 0.05, ** p <

0.01 vs. group I, † p < 0.05, †† p < 0.01 vs. group I, § p < 0.05 vs. group II by the Kruskal–Wallis

test; ## p < 0.01 vs. group II by the Mann–Whitney U-test.
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Methods

Oral food challenge

Oral food challenge (OFC) procedures were based on the recommended practices of the

Japanese Guideline for Food Allergy [7] and the European Academy of Allergy and

Clinical Immunology (EAACI) [24]. Briefly, pumpkin cakes containing 25 or 50 mL of

CM were cooked at 1000 W for 90 s in a microwave. Almost all subjects underwent an

OFC with 25 mL CM, which is a low dose. Meanwhile, patients who were likely to pass

the OFC at a base dose of 25 mL because of accidental ingestion of milk were subjected

to an OFC of 50 mL. After consumption, participants were monitored for objective

symptoms of hypersensitivity on the skin, or respiratory, digestive, circulatory, and

nervous symptoms. Patients with objective symptoms who did not require medical

treatment were considered negative.

Specific IgE for milk and casein

Serum milk- and casein-specific IgE antibody levels were measured with the

ImmunoCAP assay system (Thermo Fisher Scientific/Phadia, Uppsala, Sweden).

Specific IgE for milk and casein were examined at 6 months and every 1 year after 1

year of age.



2

Statistical analysis

Data were analyzed using GraphPad Prism 5 for Windows (GraphPad Software Inc., La

Jolla, CA, USA) and presented as the median and interquartile range (IQR). Fisher’s

exact or Mann–Whitney U tests were used for intergroup comparisons of discontinuous

variables, whereas Kruskal–Wallis tests were used for comparisons among all 3 groups.

Statistical significance was defined as p < 0.05.



Supplementary Table 1. Analyzed factors associated with tolerance acquisition

Group I

(n = 31)

Group II

(n = 42)

Group III

(n = 19)
p value

Gestational age (wk)

Median

IQR

39.9

38.5–40.7

39.7

39.0–40.3

39.3

38.3–40.2

ns*

Body weight at birth (g)

Median

IQR

3156.5

2888.0–3324.5

3206

3041.0–

3506.0

3008.0

2780.0–3097.0
ns*

Normal delivery, n (%) 27 (87) 38 (90) 14 (74) ns#

Male, n (%) 17 (55) 22 (52) 11 (42) ns#

Breastfeeding, n (%) 9 (29) 18 (43) 8 (42) ns#

Beginning of weaning (mo)

Median

IQR

5.0

5.0–6.75

6.0

6.0–6.8

6.0

6.0–6.5
ns*

Pets at home, n (%) 2 (6) 5 (12) 2 (10) ns#

Passive smoking, n (%) 11(35) 9 (21) 7 (36) ns#

Number of siblings (n)

Median

IQR

1.0

1.0–2.0

2.0

1.0–2.0

1.0

1.0-2.0

ns*

Age at first visit (mo)

Median

IQR

9.2

5.0–13.0

13.2

8.4–36.4

48.0

15.6–61.2
<0.001*

Onset of food elimination (mo)

Median

IQR

7.0

5.0–9.0

6.0

5.5–7.5

6.0

4.0–8.5

ns*

History of An (any foods; times)

Median

IQR

0.0

0.0–0.0

0.0

0.0–0.0

1.0

0.0–1.25

0.04**

History of An (CM; times) 0.03**



Median

IQR

0.0

0.0–0.0

0.0

0.0–1.0

1.0

0.0–1.25

Allergic factors

BA, n (%) 11 (35) 12 (29) 7 (36) ns#

AD, n (%) 21 (68) 31 (74) 16 (84) ns#

AR, n (%) 1 (3) 3 (7) 4 (21) ns#

AC, n (%) 1 (3) 1 (2) 2(10) ns#

p-values were calculated by the *Kruskal–Wallis test (**vs. group I) or #Fisher’s exact test.

mo: months, ns: not significant, g: grams, CM: cow’s milk, FA/AD: infant atopic

dermatitis-associated food allergy, An: anaphylaxis, BA: bronchial asthma, AD: atopic dermatitis,

AR: allergic rhinitis, AC: allergic conjunctivitis
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