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INTRODUCTION

Hen’s egg white (EW) and cow’s milk (CM) are the most com-
mon causes of food allergy (FA) in infants and young children.1 

The estimated prevalence of egg and CM allergies ranges be-
tween 0.5 and 2.5%.2-5 Although the diagnosis of immediate-
type egg and CM allergies is often based on a detailed clinical 
history, physical examination, and the detection of specific IgE 
(sIgE) to food allergens,6,7 oral food challenges (OFCs) are still 
considered the gold standard test for diagnosis. However, such 
tests are time-consuming and associated with a risk of poten-
tially severe clinical symptoms, including anaphylaxis.3,8,9 Nev-
ertheless, there are many cases where the use of OFC is un-
avoidable, because the ingestion of the suspected food often 
produces an unclear reaction and clinical symptoms can be 
vague. In addition, clinicians occasionally encounter children 
who have positive sIgE against a food that has never been eat-
en. It would be more desirable to have access to a good alterna-
tive diagnostic method to OFC. 

To avoid unnecessary OFC for the diagnosis of food allergies, 
the use of a predictive diagnostic decision point (DDP) of sIgE 
levels has been proposed and is currently in wide use in clinical 
settings.10-12 The quantification of sIgE antibodies in serum was 
reported in some studies on an association with positive chal-
lenge tests and clinical symptoms, while others found no corre-
lation between the sIgE levels and clinical reactivity.11,13-15 More-
over, the DDP  value of sIgE varies according to country and 
race.16,17 For example, a recent study demonstrated that the sen-
sitivity and specificity of the predictive DDP for EW-sIgE were 
low in Korean children,17 while a Japanese study presented 
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much higher levels of sIgE for the diagnosis of egg or CM aller-
gy than the previous reports.16 Further studies to evaluate the 
utility of sIgE levels in the diagnosis of egg and CM allergies are 
needed, because there may be ethnic differences between Jap-
anese and Korean people. Moreover, the sample size of the pre-
vious Korean study was small, the age of the study population 
was limited to <2 years, and CM allergy was not evaluated.17

The purpose of the present study was to validate the previously 
established DDP for predicting the outcome of OFCs and to find 
optimal cutoff levels for sIgE antibodies to be utilized in the diag-
nosis of immediate-type egg and CM allergies in Korean children. 

MATERIALS AND METHODS

In the present study, children ≥12 months of age who visited 
Samsung Medical Center and Pusan National University Hos-
pital for evaluation of suspected IgE-mediated allergy to egg or 
CM from August 2012 to February 2013 were enrolled. Indica-
tions for performing OFCs were as follows: children who were 
suspected of having FA based on a history of cutaneous, respi-
ratory, or gastrointestinal symptoms in conjunction with the in-
gestion of hen’s eggs or CM; or those who had atopic dermatitis 
(AD), even though they had never eaten those foods. In order 
to avoid selection bias, this study was performed prospectively 
and OFC was performed on all of the enrolled children, except 
for those who refused the test. In addition, children who had a 
history of anaphylaxis or repeated episodes of clinical reactions 
after the ingestion of a single offending food within the past 
year were included without receiving OFC in the statistical 
analysis. The diagnosis of AD was based on the criteria of Hani-
fin and Rajka.18 The study protocol was approved by the Institu-
tional Review Board of Samsung Medical Center and Pusan 
National University Hospital, respectively. Written informed 
consent was obtained at enrollment. 

Sera from all patients were obtained at the time of the initial 
visit. sIgE antibodies against EW and CM were measured using 
ImmunoCAP (Thermo Fisher Scientific Inc., Waltham, MA, 
USA) and considered positive when concentrations over 0.35 
kU/L were detected. Open OFCs were performed under the su-
pervision of allergists, according to the Korean guidelines.19,20 

Briefly, children were challenged with boiled egg or fresh pas-
teurized CM at a total dose of 0.15-0.3 g protein per kg of body 
weight. The total challenging dose did not exceed 3 g of protein. 
Over a period of 90 minutes, the patients received EW or CM in 
increments of 1%, 4%, 10%, 20%, and 25% of the total amounts 
every 15 minutes. The tests were regarded as positive when the 
attending pediatric allergist confirmed 1 or more of the follow-
ing objective symptoms within 2 hours of the last challenge 
dose: urticaria, angioedema, cough, rhinorrhea, wheezing, stri-
dor, breathing difficulty, vomiting, and low blood pressure.19,21,22 

Statistical analysis was performed using SPSS for Windows 
(version 20.0, SPSS Inc., Chicago, IL, USA). For each food, the 

median level of sIgE (kU/L) with interquartile range (IQR) was 
calculated. The Mann-Whitney U test was used to compare the 
median levels of sIgE to food allergens between children with 
and without allergies. Levels of sIgE antibodies above 100 kU/L 
were assigned a value of 101 kU/L for analysis. Performance 
characteristics, such as sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) were an-
alyzed based on previously established DDPs as follows: EW-
sIgE levels of 2 kU/L in children <24 months of age; EW-sIgE 
levels of 7 kU/L in those ≥24 months of age; CM-sIgE levels of 5 
kU/L in those <24 months of age; and CM-sIgE levels of 15 kU/
L in those ≥24 months of age.10-12 DDPs for predicting the out-
comes of OFCs were also calculated. The cutoff levels of sIgE 
against EW and CM were determined by analyzing the receiver 
operating characteristic (ROC) curves. Because the use of sepa-
rate Mann-Whitney U tests leads to an inflated type 1 error, 
Bonferroni’s correction was applied to the subgroup analysis of 
patients according to their age by adjusting the P value. P val-
ues < 0.05 were considered significant. 

 

RESULTS 

In the present study, 273 children (161 boys and 112 girls) 
with suspected egg allergy and 225 children (137 boys and 88 
girls) with suspected CM allergy were analyzed (Fig. 1). There 
were 7 and 10 children with a convincing history of egg and CM 
allergy, respectively. The mean ages of the study subjects for 
the EW and CM challenges were 40.3 months (median 30, 
range 12-199) and 41.0 months (median 28, range 12-204), re-
spectively. Out of the 273 children with suspected egg allergy, 
99 (36.3%) were <24 months, 60 (21.9%) were from 24 to 35 
months, 39 (14.3%) from 36 to 47 months, and 75 (27.5%) were 
≥48 months of age. Among the 225 children with suspected 
CM allergy, 87 (38.7%) were <24 months, 47 (20.9%) were from 
24 to 35 months, 28 (12.4%) from 36 to 47 months, and 63 
(28.0%) were ≥48 months of age. Concomitant allergic diseases 
were found in all participants, with 81.3% having AD, 8.5% suf-
fering from asthma, and 11.2% exhibiting allergic rhinitis. As a 
result of OFC or having a convincing history, 52 out of 273 
(19.0%) and 52 out of 225 (23.1%) participants were confirmed 
to be allergic to egg and CM, respectively (Table 1). Twenty-six 
of the 52 children (50.0%) with egg allergy were <24 months of 
age, while 26 (50.0%) were ≥24 months of age. Twenty-five of 
the 52 children (48.1%) with CM allergy were <24 months of 
age, while 27 (51.9%) were ≥24 months of age.    

Among those with egg allergy, the most common reactions 
were cutaneous manifestations (88.5%), followed by respiratory 
symptoms (21.2%), gastrointestinal symptoms (9.6%), and car-
diovascular symptoms (0.2%). Overall, 23% of the reactions in-
volved 2 or more systems. The levels of EW-sIgE were signifi-
cantly higher in the allergy group than in the nonallergy group 
(median 16.7 vs 0.38 kU/L, P<0.0001, Fig. 2). The difference in 
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EW-sIgE levels between the egg allergy and nonallergy groups 
was also found in subgroup analyses of the children <24 
months (median 16.8 vs 0.53 kU/L, P<0.0001) and ≥24 
months of age (median 16.7 vs 0.31 kU/L, P<0.0001) (Fig. 2). 
When the previously established DDP of EW-sIgE concentra-
tions for egg allergy was applied in our study population,11 the 
values for sensitivity, specificity, PPV, and NPV were 88.5%, 
68.5%, 50.0%, and 94.3% in children <24 months of age and 
73.1%, 91.2%, 59.3%, and 95.1% in those ≥24 months of age, re-
spectively (Table 2). The relationship between sensitivity and 
specificity was further explored by analysis of the ROC curves, 
yielding acceptable areas under the curve of 0.92. The EW-sIgE 
concentration indicating a 90% risk of reaction was calculated 
to be 27.6 kU/L (Fig. 3). Poststratification into different age 
groups showed slightly different diagnostic values for the >90% 
risk of positive reaction for OFC at 28.1 kU/L for children <2 

years of age and 22.9 kU/L for those ≥2 years of age. The EW-
sIgE levels of 1.80 kU/L in children ≥24 months of age had an 
NPV of 99.2%, a PPV of 47.2%, a sensitivity of 96.2%, and a spec-
ificity of 81.1%. In children <24 months of age, EW-sIgE levels 
of 3.45 kU/L presented an NPV of 93.6% (Fig. 3). 

In the present study, children with CM allergy presented skin 
or mucosal symptoms in 96.2% of cases, with respiratory symp-
toms in 9.6%, gastrointestinal symptoms in 3.8%, and cardio-
vascular symptoms in 0.2%. Anaphylaxis was found in 9.6% of 
the patients. A significant difference was also found in the level 
of sIgE antibodies against CM between the allergy and non-al-
lergy groups (median 8.19 vs 0.19 kU/L, P<0.0001, Fig. 2). This 
was also observed in children <24 months (median 6.6 vs 0.26 
kU/L, P<0.0001) and ≥24 months of age (median 10.3 vs 0.16 
kU/L, P<0.0001) (Fig. 2). The previously established DDP for 
CM allergy11 showed the sensitivity of 60.0%, specificity of 
95.1%, PPV of 83.3%, and NPV of 85.5% in children <24 months 
of age among our study population, and the sensitivity of 40.7%, 
specificity of 99.9%, PPV of 91.7%, and NPV of 87.3% in children 
≥24 months of age (Table 2). The ROC curves of sensitivity and 
specificity showed acceptable areas under the curve of 0.93. 
The CM-sIgE concentration indicating a PPV of 92.8% was cal-
culated to be 31.4 kU/L (Fig. 4). Poststratification into different 
age groups showed different diagnostic values in >90% PPV for 
positive OFC at 31.4 kU/L in children <2 years old and 10.1 kU/
L for those ≥2 years of age. CM-sIgE levels of 0.94 kU/L in chil-
dren ≥24 months of age had an NPV of 96.9%, a PPV of 61.5%, a 
sensitivity of 88.9%, and a specificity of 86.5%. In children <24 
months of age, the CM-sIgE levels of 0.59 kU/L presented an 
NPV of 100% (Fig. 4). 

 

DISCUSSION 

Serum sIgE levels were used to predict the outcomes of OFCs 
in patients suspected of having egg or CM allergy.10,11 The cutoff 
values were previously reported to be 7 kU/L in children ≥2 
years of age and 2 kU/L in those <2 years of age for egg allergy, 
with the cutoff values of 15 kU/L in those ≥2 years of age and 5 
kU/L in those <2 years of age for CM allergy.10-12 In other words, 

Children who were eligible 
for the study of egg allergy 

(n=291)

Drop-out due to refusal 
(n=18)

Children with positive 
egg challenge 

(n=45)

Children with convincing 
history of egg allergy 

(n=7)

Children with negative 
egg challenge 

(n=221)

Children with convincing 
history of CM allergy 

(n=10)

Children with positive 
CM challenge 

(n=42)

Children who were eligible 
for the study of CM allergy 

(n=240)

Children with negative 
CM challenge 

(n=173)

Drop-out due to refusal 
(n=15)

Fig. 1. Flowchart of study population. 
A B

Table 1. Demographic data of children with egg and cow’s milk allergies

Egg allergy Cow’s milk allergy

Total number
  Convincing history (n)
  Positive oral challenge test (n)

52
7

45

52
10
42

Sex (boys vs girls, n) 35:17 30:22
Median Age (months) 24 24
Median specific IgE (kU/L) 16.7 8.19
Clinical symptoms (%)
   Cutaneous
      Urticaria
      Angioedema
      Eczema

88.5
85.7
17.2
1.2

96.2
95.8
21.0
1.9

   Respiratory
      Cough / rhinorrhea
      Wheezing / stridor
      Breathing difficulty

21.2
20.9
8.5
2.5

9.6
9.6
4.5
3.1

   Gastrointestinal
      Vomiting / diarrhea
      Abdominal pain

9.6
6.5
5.3

3.8
3.5
0.8

   Anaphylaxis 23.0 9.6
   Others 0.2 0.2
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approximately 95% of the patients are predicted to have clinical 
reactions when the sIgE concentrations exceed those diagnos-
tic levels. These DDPs have also been used in clinical settings in 
Korea. However, it was found that the PPVs were much lower 
when these DDPs for EW- and CM-sIgE antibodies were ap-
plied in our study population. This suggests that the DDP from 
the US population is not acceptable for the diagnosis of egg or 

cow’s milk allergy in Korean children. In the present study, the 
EW-sIgE concentration indicating >90% risk of reaction was 
found to be 28.1 kU/L in children <2 years of age and 22.9 kU/L 
in those ≥2 years of age. The CM-sIgE level of 31.4 kU/L pre-
sented a 100% risk of clinical symptoms in children <2 years of 
age, while 10.1 kU/L presented a 93.7% risk of clinical symp-
toms in those ≥2 years of age. Consequently, it is more practi-

Table 2. Performance characteristics in the present study population based on the widely used diagnostic decision points 

Allergen sIgE (kU/L) Allergy (+) Allergy (-) sensitivity specificity PPV NPV

Egg white
   (< 24 months old)

≥2
<2

23
3

23
50

88.50% 68.50% 50.00% 94.30%

Egg white
   (≥ 24 months old)

≥7
<7

19
7

13
135

73.10% 91.20% 59.30% 95.10%

Cow’s milk 
   (<24 months old)

≥5
<5

15
10

3
59

60.00% 95.10% 83.30% 85.50%

Cow’s milk 
   (≥ 24 months old)

≥15
<15

11
16

1
110

40.70% 99.90% 91.70% 87.30%

sIgE, specific immunoglobulin E; PPV, positive predictive values; NPV, negative predictive values.
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Fig. 2. Comparison of specific IgE levels between positive and negative oral food challenge (OFC) groups. (A) All children for hen’s egg challenge; (B) those <24 
months of age for hen’s egg challenge; (C) those ≥24 months of age for hens’ egg challenge; (D) all children for cow’s milk challenge; (E) those <24 months of age 
for cow’s milk challenge; (F) those ≥24 months of age for cow’s milk challenge. EW, egg white; CM, cow’s milk. Each box plot indicates an interquartile range (IQR) 
with median, upper, and lower whiskers; upper and lower boundaries (3rd quartile/1st quartile ±1.5 IQR). The blue and red boxes represent patients showing posi-
tive and negative OFC results. 
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cal to use higher DDPs of EW- and CM-sIgE antibodies in Kore-
an children for the diagnosis of egg and CM allergies in order to 
avoid unnecessary restriction of diet. 

Our results are consistent with those of earlier studies, in 
which the sIgE levels were associated with positive challenge 
tests and clinical reaction.6,10,14 Higher concentrations of food-
sIgE levels correlate with an increasing likelihood of clinical 
symptoms, for which a particular cutoff level associated with a 
high possibility of reaction is considered the DDP.13,23-25 Al-
though these diagnostic levels are helpful to physicians in de-
ciding whether an OFC is necessary, different DDPs were re-
ported in each of the previous studies. For example, a Danish 

study reported 1.5 kU/L as the 95% DDP for egg,26 and a Span-
ish study presented 2.5 kU/L as the 90% DDP for CM.12 A Ger-
man study demonstrated that the diagnostic values for 95% 
probability of allergy were 10 kU/L for egg and 46 kU/L for CM.6 
In a Japanese study, the 95% DDPs for EW and CM were report-
ed as 25.5 and 50.9 kU/L, respectively.16 Our results also showed 
that the predictive values of sIgE were different in Korean chil-
dren. This may be explained by the differences in the study 
population examined herein, such as age, race, concomitant 
atopic disease, and the study eligibility criteria. Our data sup-
port the assertion that the DDP needs to be determined in each 
region to make use of the food-sIgE concentration as a tool for 
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Fig. 4. Performance characteristics of optimal cutoff values of cow’s milk specific IgE established by ROC analysis. (A) All children; (B) those <24 months of age; (C) 
those ≥24 months of age.

CM-slgE 
(kU/L) Sensitivity Specificity PPV NPV Accuracy

0.94 0.885 0.827 0.605 0.959 0.840
31.4 0.250 0.994 0.928 0.815 0.822

1.00

0.75

0.50

0.25

0.00

Se
ns

iti
vi

ty

1 - specificity

AUC 0.93
 0.00 0.25 0.50 0.75 1.00 A

CM-slgE 
(kU/L) Sensitivity Specificity PPV NPV Accuracy

0.59 1.000 0.677 0.556 1.000 0.770
31.4 0.200 1.000 1.000 0.756 0.770

1.00

0.75

0.50

0.25

0.00

Se
ns

iti
vi

ty

1 - specificity

AUC 0.91
 0.00 0.25 0.50 0.75 1.00 B

CM-slgE 
(kU/L) Sensitivity Specificity PPV NPV Accuracy

0.94 0.889 0.865 0.615 0.969 0.869
10.1 0.556 0.991 0.938 0.902 0.906

1.00

0.75

0.50

0.25

0.00

Se
ns

iti
vi

ty

1 - specificity

AUC 0.91

 0.00 0.25 0.50 0.75 1.00 C

the diagnosis of FA instead of OFC.
Most children with egg or CM allergy come to tolerate these 

foods as they grow older.27 OFC is used to confirm not only the 
presence of FA, but also the development of tolerance. In order 
to decide the timing for reintroduction of egg or CM, the cutoff 
level of >95% NPV could provide a guide for clinicians to select 
patients who are likely to pass food challenges and to avoid un-
necessary office-based OFC, although OFC is still required for 
final diagnosis. In the present study, an EW-sIgE level of 1.80 
kU/L in children ≥24 months of age showed an NPV of 99.2% 

with a sensitivity of 96.2% and a specificity of 81.1%. In children 
≥24 months of age, the NPV, sensitivity and specificity of the 
CM-sIgE level of 0.94 kU/L was 96.9%, 88.9% and 86.5%, respec-
tively. This means that there is >95% probability that children 
≥24 months of age with EW-sIgE <1.8 kU/L and CM-sIgE < 
0.94 kU/L will pass the OFC test. Taken together, in the present 
study, we obtained the DDPs of sIgE concentrations with >90% 
PPV and DDPs with >95% NPV for egg and CM allergies. These 
results suggest that both DDPs could be used to determine the 
presence or absence of egg and CM allergies in Korean children 
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instead of OFC, while OFC is required to confirm the diagnosis 
in children with sIgE levels between the 2 DDPs. 

Our study has some limitations stemming from the method of 
the OFC and the age of the children. We performed open OFCs, 
not a double-blind placebo-controlled food challenge (DBP-
CFC). However, open OFCs are regarded as a practical alterna-
tive method to diagnose FA in clinical settings, because DBP-
CFC is time-consuming and labor-intensive.15 In addition, we 
could not obtain DDP  values for the diagnosis of EW or CM al-
lergy in infants <12 months of age, because most Korean par-
ents refuse to perform challenge tests on their babies due to the 
risk of anaphylaxis. Moreover, parents do not feel the necessity 
of OFC in this age group, because nutritional support from EW 
or CM proteins can easily be replaced by extensively hydro-
lyzed formula, breast milk from mothers who restrict the inges-
tion of suspected foods, and soy formula. Finally, the partici-
pants in this study do not represent the entire population of Ko-
rean children, although the size of the study population was not 
small. Nevertheless, the present study has strengths in its pro-
spective design and the inclusion of sufficient study popula-
tions. Selection bias was particularly minimized by performing 
OFC regardless of the levels of sIgE in most of the children who 
met the inclusion criteria among those who visited during the 
study period.   

In conclusion, the DDP of sIgE levels in Korean children with 
egg or CM allergy are different from those in the US population. 
This suggests that the diagnostic values of specific IgE levels in 
food allergy should be evaluated in each region. Our data also 
suggest that use of both DDPs for high PPV and high NPV are 
useful to determine whether OFC is required in children with 
suspected egg or CM allergy.  
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