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Purpose: Age-based causes and clinical characteristics of immediate-type food allergy (FA) have not been sufficiently studied. Therefore, we inves-
tigated age-dependent clinical profiles of FA in Korean children through an extensive multicenter investigation. Methods: Using a case report form
developed by the authors, a retrospective medical record review was performed of patients (0-18 years old) diagnosed with immediate-type FA be-
tween September 2014 and August 2015 in 14 tertiary hospitals in Korea. Results: A total of 1,353 children and adolescents, 93% younger than 7
years, were enrolled in the present study, and 1,661 cases of immediate-type FA were recorded in these patients. The 7 major causative foods were
cow's milk (28.1%), hen’s eggs (27.6%), wheat (7.9%), walnuts (7.3%), peanuts (5.3%), buckwheat (1.9%), and shrimps (1.9%). Categorizing the pa-
tients into 4 age groups revealed that the most common causative food was different for each age group: cow's milk (<2 years), walnuts (2-6 years),
walnuts (7-12 years), and buckwheat (13-18 years). The onset time of symptoms was less than 10 minutes in 49%, between 10 and 30 minutes in
17%, and between 30 minutes and 2 hours in 34% of cases. Food-induced anaphylaxis was reported in 506 (30.5%) out of 1,661 cases, and the 7
major causes of food-induced anaphylaxis was cow's milk (27.5%), hen's eggs (21.9%), wheat (11.3%), walnuts (10.5%), peanuts (5.9%), buckwheat
(4.2%), and pine nuts (3.0%). The proportion of anaphylaxis was highest in the patients allergic to buckwheat (67.7%), followed by those allergic to
pine nuts (57.7%), walnuts (43.8%), wheat (43.5%), and peanuts (34.1%). Conclusions: The 5 major causative foods of immediate-type FA in Kore-
an children were cow’s milk, hen’s eggs, wheat, walnuts, and peanuts. The distribution of causative foods was considerably distinctive according to
different age groups. Anaphylaxis was reported in 30.5% of immediate-type FA cases.
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severe life-threatening symptoms, such as anaphylaxis."“ FAaf- 7. 187.31219.5160; Fax: +82-31-219-5169; E-mail: jsjs87@ajou.ac.kr

fects up to 10% of children and 6% of adults, and in recent de-  Received: November 17, 2016; Revised: April 17, 2017; Accepted: April 24, 2017

cades the prevalence of FA has increased worldwide.*” The re- * There are no financial or other issues that might lead to conflict of interest.

Food allergy (FA) most often begins early in life and can cause
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actions of FA are often unpredictable and can have a significant
impact on the health-related quality of life in children and their
care givers.®

Causes of childhood FA show a distinct pattern according to
different age groups. However, the changes in the age-depen-
dent profiles of FA throughout childhood have not been ade-
quately studied yet, despite the growing investigations on aller-
gic diseases worldwide.® Moreover, the previous reports on
childhood FA in Korean children were restricted to small-scale
studies or questionnaire-based self-reported surveys. In the
present study, we aimed to identify the causes and clinical char-
acteristics of immediate-type FA in different age groups of Kore-
an children through an extensive multicenter investigation.

MATERIALS AND METHODS

Data were collected using a retrospective medical record re-
view of patients younger than 19 years of age, diagnosed with
immediate-type FA by experienced pediatric allergists in 14 ter-
tiary hospitals in South Korea between September 2014 and
August 2015. Cases with characteristic symptoms of immedi-
ate-type FA, such as cutaneous, respiratory, gastrointestinal,
and/or cardiovascular system manifesting within 2 hours after
exposure to single food items recognized by pediatric allergists
by a thorough medical history, were included in the present
study regardless of whether an allergy test was conducted or
not."” Unclear cases and cases with an onset time of symptoms
longer than 2 hours were excluded from the present study even
if sensitization was verified. This study was approved by the In-
stitutional Review Boards of all the participating hospitals.

A 7-page case report form was used for data collection: the
form requested the following information: 1) demographic data
on the age of the first occurrence of FA symptoms and patient
sex; 2) personal and family history of allergic diseases; 3) causes
of immediate-type FA and route of exposure; 4) detailed infor-
mation regarding allergic symptoms after exposure to causative
foods, with separate questions for cutaneous, respiratory, gas-
trointestinal, cardiovascular and neurological/general symp-
toms; 5) elapsed time between contact with the triggering food
and the onset of symptoms; and 6) the place where an allergic
reaction occurred.

The clinical manifestations of immediate-type FA were cate-
gorized into 5 groups: cutaneous (itching, urticaria, erythema,
swelling of lips/tongue/uvula, and angioedema), respiratory
(cough, rhinorrhea, wheezing, dyspnea, stridor, and cyanosis),
gastrointestinal (nausea, vomiting, diarrhea, and abdominal
pain), cardiovascular (chest pain, pallor, collapse, diaphoresis,
hypotension, and arrest), and neurological/general (dizziness,
anxiety, paresthesia, weakness, confusion, and loss of con-
sciousness). The diagnosis of anaphylaxis was made according
to the criteria published in 2006 by the National Institute of Al-
lergy and Infectious Disease and the Food Allergy and Anaphy-
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laxis Network, and individual symptoms of anaphylaxis were
not separately counted as cutaneous, respiratory, cardiovascu-
lar, gastrointestinal, nor neurologic & general."

The primary aim of the present study was to investigate the
distinctive patterns of causative food allergens and clinical pro-
files of immediate-type FA in different age groups; therefore,
cases were categorized into the following 4 age groups based
on developmental milestones: infants <2 years; preschoolers
2-6 years, school-aged children 7-12 years; and adolescents 13-
18 years.

SPSS for Windows, version 20.0 (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. Using a cross-sectional ap-
proach, the results of this study are limited to raw and stratified
descriptions of the variables.

RESULTS

Demographics

A total of 2,901 cases of FA were identified in 2,056 subjects
from 14 participating hospitals during the study period of 1
year. Excluding 1,190 cases with symptom onset time not exact-
ly specified and 50 cases with symptom onset time longer than
2 hours, a total of 1,661 cases of immediate-type FA were ana-
lyzed in this study (Supplementary Fig. 1). The number of sub-
jects included was 1,353 since some patients had immediate-
type allergic reactions to more than 2 food items; 350 subjects
experienced allergic reactions to 2 food items, 117 subjects to 3,
48 subjects to 4, 15 subjects to 5, and 1 subject to 8 food items.
The median age of the first occurrence of symptoms was 13

Table 1. Demographic and clinical characteristics of patients

N (%)
Total number of subjects 1,353
Total number of immediate-type FA cases 1,661
Gender, Male 842 (62.2)
Age at first symptom of FA (median age) 13 months
<2 years 1,073(71.1%)
2-6 years 331(21.9%)
7-12 years 76 (5.0%)
13-18 years 29(1.9%)
Family history of allergic diseases 692 (51.1)
History of concurrent allergic diseases
Atopic dermatitis 837(61.9)
Allergic rhinitis 262 (19.4)
Asthma 155(11.5)
Allergic conjunctivitis 65 (4.8)
Chronic urticaria 22(1.6)

Drug allergy 15(1.1)

*Percentages were calculated based on 1,509 cases of immediate-type FA,
since only in 1,509 out of 1,661 cases information regarding the age at first
symptom of FA was available.
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months, and 62.2% of patients were male. More than 90% of pa-
tients experienced the first symptoms of immediate-type FA at
an age younger than 7 years. A history of concurrent allergic
diseases was common. Of the 1,353 patients, 837 were of atopic
dermatitis (61.9%), 262 were of allergic rhinitis (19.4%), 155
were of asthma (11.5%), 65 were of allergic conjunctivitis
(4.8%), 22 were of chronic urticaria (1.6%), and 15 were of drug
allergy (1.1%). More than half of the patients reported a family
history of allergic diseases. Table 1 summarizes the demo-
graphic characteristics and allergy-related medical histories.

Causes of FA and routes of exposure

Cow’s milk (28.1%) was the most common cause of immedi-
ate-type FA in the present study, followed by hen’s eggs (27.6%),
wheat (7.9%), walnuts (7.3%), peanuts (5.3%), buckwheat
(1.9%), and shrimp (1.9%) in the decreasing order of frequen-
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cies. The rest of the top 20 causative foods are listed in Fig. 1A.
When the triggering foods were analyzed by food groups in-
stead of individual food items, tree nuts were ranked as the
third most common triggering food (11.9%), followed by cere-
als and fruits (Fig. 2B).

The major causative foods were distinct in different age
groups (Table 2). In infants, cow’s milk and hen’s eggs account-
ed for more than two-thirds of FA. In preschoolers, walnuts
(16.6%) were the most common cause of FA, followed by hen'’s
eggs (15.4%) and cow’s milk (11.2%). In school-aged children,
walnuts (13.2%) were the most common cause of FA, followed
by buckwheat (9.2%). In adolescents, buckwheat (17.2%) was
ranked the top cause of FA, followed by wheat.

There were slight variations in the distribution of causative
foods among the participating hospitals, but the composition
of top 5 food items in the major participating hospitals were not

Total N=1,661
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Total N=1,661
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Fig. 1. (A) Causes of immediate-type food allergy in Korean children (individual food items, 0-18 years). (B) Causes of immediate-type food allergy in Korean children
(food groups, 0-18 years). *Others: rice, tomato, shellfish, cuttlefish, melon, duck, pistachio, lobster, tuna, salmon, codfish, and processed foods.
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Table 2. Causes of immediate-type food allergy in Korean children depending on the age groups

< 2years 2-6years 7-12years 13-18 years

Sample size 1,073 331 76 29

Tst Cow's milk (37.1%) Walnut (16.6%) Walnut (13.2%) Buckwheat (17.2%)
2nd Hen's egg (34.3%) Hen's egg (15.4%) Buckwheat (9.2%) Wheat (10.3%)
3rd Wheat (8.3%) Cow's milk (11.2%) Peanut (6.6%) Shrimp (10.3%)
4th Walnut (4.0%) Peanut (9.7%) Wheat (6.6%)

5th Peanut (3.7%) Wheat (8.5%) Crab (6.6%)

6th Soybean (1.8%) Almond (5.1%) Apple (6.6%)

7th Pine nut (0.9%) Pine nut (3.6%) Hen's egg (5.3%)

8th Shrimp (0.9%) Buckwheat, Kiwi (3.0% each) Shrimp (5.3%)

<2 years and 2-6 years: causative foods with =10 cases were included in this table; 7-12 years and 13-18 years: causative foods with =3 cases were included in

this table.

Total N=1,611

H <10 min
m10-30 min
30 min-2 hr

Fig. 2. Onset time of immediate-type food allergy in Korean children.

markedly different. Top 10 causative food items in the leading 8
hospitals are listed in Supplementary Table 1.

Of the 1,649 cases, for which the information regarding the
route of exposure to causative food was available, 97.9% were
exposed via ingestion and 2.1% via cutaneous contact.

Onset time of FA and symptoms

Among 1,661 cases, 49% experienced symptoms within 10
minutes, 17% within 10 to 30 minutes, and 34% within 30 min-
utes to 2 hours (Fig. 2). Overall, two-thirds experienced symp-
toms within 30 minutes after exposure to the triggering food.

Among the 1,661 cases of immediate-type FA, anaphylaxis
was observed in 506 cases (30.5%). Other reactions included
predominantly cutaneous symptoms (67.5%), followed by re-
spiratory (4.0%), gastrointestinal (3.9%), cardiovascular (0.2%),
and neurological/general (0.1%) symptoms (Fig. 3A). Individu-
al symptoms of anaphylaxis were not separately counted as cu-
taneous, respiratory, cardiovascular, gastrointestinal, nor neu-
rologic & general. No deaths were reported in the present study.
When the symptoms were evaluated according to different age
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groups, the percentage of anaphylaxis was highest (52.6%) in
school-aged children and lowest in infants (26.8%). The cuta-
neous symptoms were more commonly reported in infants,
whereas cardiovascular symptoms were predominantly no-
ticed in adolescents (Fig. 3B).

Place of FA occurrence

The information where the immediate-type FA occurred was
collected in 961 out of 1,661 cases. Overall, the most common
place of FA occurrence was at home (56.5%). Other places in-
cluded hospitals (18.4%, mostly during oral food challenges),
take-away food restaurants (8.0%), restaurants (6.1%), childcare
centers (5.9%), and schools (1.8%). The percentage of children
experiencing allergic reactions at home was highest in infants
and lowest in adolescents. With increasing age of the children,
the importance of schools and restaurants as places for FA oc-
currence increased. The detailed percentages for the different
places of FA occurrence are given in Fig. 4. No significant differ-
ences were noticed between the demographic profiles of cases
with and without the information for places of FA occurrence
(Supplementary Table 2).

Anaphylaxis as manifestation of immediate-type FA

The major causes of food-induced anaphylaxis showed a sim-
ilar pattern with the overall immediate-type FA (Fig. 5). Among
the 506 cases of food-induced anaphylaxis in the present study,
cow’s milk (27.5%) was the most common cause, followed by
hen’s eggs (21.9%). The third to sixth common causes (wheat,
walnuts, peanuts, and buckwheat) of food-induced anaphylax-
is were the same as in the overall immediate-type FA cases,
whereas the seventh common cause of food-induced anaphy-
laxis was pine nuts instead of shrimp.

The overall proportion of cases of anaphylaxis was 30.5%;
however, the percentages varied remarkably according to dif-
ferent causative foods (Fig. 6). The proportion of anaphylaxis
was highest upon exposure to buckwheat (67.7%), followed by

Allergy Asthma Immunol Res. 2017 September;9(5):423-430. https://doi.org/10.4168/aair.2017.9.5.423



AAIR

80
70
60
50

(%)

40
30

20

80
70
60
50
40

(%)

30

20

m <2years

2-6 years
7-12 years
13-18 years

Immediate-Type Food Allergy in Korean Children

Total N=1,661
L 675 (more than 2 organs involved in some cases)
N 305
i 40 39
- 02 - b
X S > ol
g i S N L O
‘\*\‘5‘" ¥ (\Q,e %éj\ ¢ (s_vgé (@a}\, o\og\ Qét& e
S & Q¢ N & S
A & & ¥
mil -
Anaphylaxis Cutaneous Respiratory | Cardiovascular | Gastrointestinal | Neurologic &
General e
26.8 7.2 34 0.2 4.2 0.0
388 58.6 6.9 0.0 27 0.0
52.6 487 39 0.0 39 1.3
4.4 51.7 0.0 34 34 0.0

Fig. 3. (A) Symptoms of immediate-type food allergy in Korean children (0-18 years). (B) Symptoms of immediate-type FA in Korean children by age groups. *Individ-

ual symptoms of anaphylaxis were not separately counted as cutaneous, respiratory, cardiovascular, gastrointestinal, nor neurologic & general.
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Fig. 4. Place of occurrence of immediate-type food allergy in Korean children.
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exposure to pine nuts (57.7%), walnuts (43.8%), wheat (43.5%),
and peanuts (34.1%). Among the top 12 causative foods of FA,
the proportion of anaphylaxis was lowest for soybean (15.4%).

= Restaurants Out of 1,661 cases, 1,444 (86.9%) underwent either one of skin
= Childcare centers  rick test, serum specific immunoglobulin E (IgE) measure-
ment, and oral food challenges. The specific numbers of cases
= Home for each test are represented in Supplementary Fig. 2, and the
positive sensitization to the culprit food by at least one of the
above tests was recognized in 1,311 (78.9%) out of 1,611 cases
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Fig. 5. Major causes of food-induced anaphylaxis in Korean children (0-18 years).
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Total N=506

m Non-anaphylaxis
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*

29.0% 57.7%

15.4% 0%  292%  222%

Fig. 6. Proportion of anaphylaxis according to different causative foods (0-18 years). *Proportion of anaphylaxis higher than 40%.

DISCUSSION

To our knowledge, this is the first large-scale, multicenter
study to investigate the age-dependent causes and clinical fea-
tures of immediate-type FA in Korean children and adolescents.

In this study, the proportion of children experiencing the
symptoms of immediate-type FA for the first time was highest
(71.1%) in infants, and the proportions progressively decreased
with increasing age. As reported in several previous studies, FAs
are more prevalent among infants and young children and sig-
nificantly decline with age.'”"* The median age of 13 months at
the first onset of symptoms of immediate-type FA reported in
this study was relatively lower than the median age of first diag-
nosis in other studies."> As in most earlier pediatric studies, a
male predominance was also observed in our study."""® Sex-
related differences in immune response profiles regarding sen-
sitization and hypersensitivity in early childhood have been
discussed previously."

428  http://e-aairorg

The most common cause of immediate-type FA in the present
study was cow’s milk (28.1%), followed closely by hen’s eggs
(27.6%), reflecting a similar pattern as in several previous re-
ports from other countries.’*'** Other studies from Korea also
reported cow’s milk and hen’s eggs as the most common causes
of food hypersensitivity among children.””" Similar to the re-
sults of Japanese studies, the third common food allergen was
wheat in the present study, whereas it was peanuts in most of
the Western countries.’*'*'>?> Walnuts, the fourth common
food allergen closely following wheat in this study, were the
most common causative tree nuts, whereas hazelnuts were re-
garded as more common food allergens than walnuts in other
studies.*” Since different geographical regions have different
eating customs, the causative food items as the trigger for im-
mediate-type FA might vary. The progressive increase in the
use of walnuts as an ingredient in daily Korean dishes com-
pared to other countries might explain the higher ranking of
walnuts in the present study. Similar to other studies, the 8

Allergy Asthma Immunol Res. 2017 September;9(5):423-430. https://doi.org/10.4168/aair.2017.9.5.423
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most prevalent food allergens overall accounted for nearly 80%
of FAs."”

Our data revealed that the major food allergens, causing im-
mediate-type FAs in children and adolescents changed with
age. In infants, cow’s milk was the most common cause of FA in
the present study, as well as in numerous previous reports.'>***!
Interestingly, in the age group of infants, walnut and peanut al-
lergies were already common. In the age group of preschoolers,
walnuts were surprisingly the most common trigger of FA,
closely followed by hen’s eggs and cow’s milk. Other food aller-
gens, such as almond, buckwheat, and kiwi, appeared for the
first time in the top 8 list in this age group. In the age group of
school-aged children, walnuts were the most common cause,
while cow’s milk and hen’s eggs no more took up the higher
rankings. The most common food allergens in adolescents
were buckwheat, followed by wheat and shrimps. In contrast to
studies from other countries, walnuts instead of peanuts ac-
counted for a higher percentage of FA cases in all age groups
except adolescents in the present study.***

Regarding the time between exposure to the triggering food
and the onset of symptoms, 66% of the allergic reactions were
reported to occur within 30 minutes, which was time frame re-
ported by several other studies as well."” Cutaneous symptoms
like urticaria and angioedema were the most common clinical
manifestations of immediate-type FA in children of each age
group. Respiratory and gastrointestinal symptoms were the sec-
ond and third most common in children, whereas cardiovascu-
lar symptoms were mainly noticed in adolescents. Previous
studies with comparable results have been reported.®”**

The most common site of FA occurrence in the present study
was the child’s home, which was in accordance with other in-
vestigations regarding the place of occurrence of severe FA re-
actions in children.'*** Results from the European anaphylax-
is registry, including both adults and children, also reported
home to be the most common site of FA occurrence.”” By fur-
ther analyzing the places of FA occurrence based on the age
groups, our data showed that with increasing age of the chil-
dren the percentage of experiencing allergic reactions in an
out-of-home setting also increased. The likelihood of allergic
reactions occurring at school is considerably high, since many
children spend up to half of their waking hours in school and in
school consume foods containing common allergens. Among
over 4,000 children registered in the US Peanut and Tree Nut
Allergy Registry, 16% were reported to have had an allergic re-
action at school.”®

Anaphylaxis was observed in 30.5% of all immediate-type FA
cases reported in the present study. The proportion of anaphy-
laxis was highest in the school-aged children (52.6%), followed
by the adolescents (41.4%). Although a precise comparison
with previous studies regarding the proportion of anaphylaxis
among FA patients by specific age groups within children is not
possible, owing to the lack of previous studies, a higher risk for
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severe food allergic reactions among adolescents and young
adults has been reported in other studies.”* School-aged chil-
dren and adolescents comprise an age group that frequently
eats out and that has therefore little control of the ingredients in
the food they are consuming, making them more susceptible to
food-induced anaphylaxis compared to younger children who
are under stricter supervision by their care givers.

The major causes of anaphylaxis observed in the present
study were similar to those of Japanese studies, which docu-
mented cow’s milk, hen’s eggs, and wheat as the top 3 food al-
lergens that induce anaphylaxis in children.'**' On the other
hand, the most common trigger of food-induced anaphylaxis
in Europe and North America was peanuts.>**** This variation
in the major triggers of food-induced anaphylaxis is possibly
due to regional differences in the consumption of food, differ-
ent assignment of patients to age groups, and different timing
of data collection. A recent multicenter case study conducted in
Korea reported cow’s milk, hen’s eggs, walnuts, wheat, and
buckwheat as the 5 major triggers of food-induced anaphylaxis
in children and adolescents.™

The overall percentage of cases with anaphylaxis of the total
immediate-type FA cases was 30.5%; however, each of the ma-
jor causative food allergens showed a different proportion of
anaphylaxis. The proportion of anaphylaxis was highest for
buckwheat (67.7%) and lowest for soybean (15.4%). Buckwheat,
a member of the Polygonaceae group of herbaceous species,
has already been reported to cause severe allergic symptoms,
and a recent study in Korea reported the high proportion of
anaphylaxis among children allergic to buckwheat.**® Tree
nuts, such as pine nuts and walnuts, showed the second
(57.7%) and third (43.8%) highest proportion of anaphylaxis in
the present study, followed by other plant food allergens, such
as wheat and peanuts. Similar to our study, other studies also
report tree nuts and peanuts are generally associated with more
severe reactions.””*

Although the present study was very comprehensive, it is not
without limitations. One limitation was that some details for
FAs might have been missed due to the retrospective study de-
sign. Another limitation was that our results might not be di-
rectly transferable to other populations, due to environmental,
cultural, and genetic differences.

However, the strength of the present study is that it is the first
large-scale multicenter case study, which collected and re-
vealed the most recent data of immediate-type FA reactions in
a stratified report according to different age in Korean children
and adolescents.
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