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INTRODUCTION 

FA is an emerging public health concern that affects children 
and adults worldwide. A number of studies have indicated an 
increased prevalence of FA over the last decade.1-5 A survey 
conducted by the Centers for Disease Control and Prevention 
in 2007 estimated that FA affects 5% of children under the age 
of 5 years and 4% of children aged 5 to 17 years and adults in 
the US.5 

The present standard for treating FA involves strict restriction 
from causative foods and the use of antihistamines and epi-
nephrine auto-injectors to treat reactions upon accidental ex-
posure to allergenic foods. Although clinical studies on the effi-
cacy of allergen-specific immunotherapy for patients with FA 
have recently been conducted, the treatment modality has yet 
to be included in clinical practice for FA treatment.6 A low rate 
of conducting confirmative tests to determine causative aller-
gens and a lack of education may contribute to increasing fre-
quencies of FA reactions in the same patient. The only confir-
mative test to determine causative allergens of FA is a double-
blind, placebo-controlled, food challenge test; however, it is 

time consuming and has potential risks of developing allergic 
reactions.7,8 Therefore, studies on additive clinical information 
that is easily accessible may provide important clues for clini-
cians to determine causative food allergens. 

Considering rapid changes in the environment and eating 
habits in Korea, investigating common causes and clinical 
manifestations of FA in adults is of growing importance. In ad-
dition, to aid physicians in determining potential causative 
food allergens without the need to conduct complicated and 
costly tests, we aimed to investigate common food allergens of 
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FA among Korean adults according to age, sex, and clinical 
manifestations of FA. 

MATERIALS AND METHODS 

Study design
We retrospectively reviewed the medical records of 95 Korean 

adults patients (≥19 years old) who were diagnosed with FA 
between September 2014 and October 2015 at the Allergy Clin-
ic of a university hospital in Korea. Subjects with FA were de-
fined as individuals who have been diagnosed by physicians 
with FA based on clinical manifestations that developed within 
2 hours after ingestion of specific foods and immunologic test 
results. 

Considering the diversity of food allergens, we simplified and 
grouped the food allergens. Fruits, grains, nuts, seeds, beans, 
and vegetables were classified as plants. Patients sensitized to 
non-plant foods were grouped by seafood, which was further 
classified into crustaceans (shrimp, crab, and lobster), shellfish, 
cephalopods, and fish; meat; milk; eggs; and others. We cate-
gorized the subjects by age into younger (19 to 30 years old), 
middle-aged (31 to 50 years old), and older (≥51 years old) age 
groups.

In vivo and in vitro tests
Skin prick tests (SPT) were routinely performed with com-

mercial extracts (Allergopharma, Reinbek, Germany). Aller-
gens tested included pollens (grass, mugwort, ragweed, birch, 
oak, and alder), molds (alternaria, aspergillus, cladosporium), 
house dust mites (Dermatophagoides pteronissynus, D. fari-
nae), animal dander (cat and dog), and foods (codfish, cacao, 
egg, cow’s milk, tuna, mussel, potato, celery, soy bean, wheat 
flour, beef, pork, banana, salmon, garlic, mango, shrimp, apple, 
strawberry, tomato, chicken, buckwheat, rice, lobster, hazelnut, 
peanut, and walnut). A positive SPT reaction was defined when 
the ratio of the mean wheal diameter of the allergen to hista-
mine was higher than 1, or it was lower than 1 but erythema 
was higher than 21 mm. Specific IgE (sIgE) levels were mea-
sured (ImmunoCAP, Phadia, Uppsala, Sweden), and those 
greater than 0.35 kU/l were regarded as positive. 

Statistical analysis
Proportions were compared by the chi square test or Fisher’s 

exact test. The Kruskal-Wallis test was used for comparing on-
set ages among different FA causes. To compare frequencies of 
causative foods in accordance with sex and age, the proportion 
test using R software, version 3.0.2 (R Foundation for Statistical 
Computing, http://www.R-project.org/) was performed. Other 
statistical analyses were performed using IBM SPSS software, 
version 22.0 (IBM Co., Armonk, NY, USA). A P value of <0.05 
was considered statistically significant.

Ethics statement
This study was conducted under the approval of the Ajou Uni-

versity Hospital Research Ethics Committee (AJIRB-MED-
SUR-15-281).

RESULTS

Demographics of the study subjects
Between October 2014 and September 2015, 181 FA events 

were recorded in 95 Korean adults. The mean age of the sub-
jects was 38.5±14.1 years (range 19-72 years), and the mean 
age at which the first FA symptom occurred was 34.7±15.8 
years (range 8-70 years). Male patients comprised 46 of all 
study subjects (48.4%). Eighty-four (88.4%) of the study subjects 
had a previous personal history of FA. Sixty (63.2%) subjects 
had previous history of allergic disease. Twenty-one (22.1%) 
patients had a family history of allergic disease. Overall data are 
shown in Table 1.

Causative food allergens
Crustaceans, including shrimp, crab and lobster, were found 

to be the major causes of FA (30, 16.6%) in the present study. 
Fruits were the second most frequent (26, 14.4%) food allergen, 
of which peach and apple were identified as causative food al-
lergens (4.4% and 3.9%, respectively) (Fig. 1). Two events 
caused by chrysalis were grouped as others. Detection rate of 
sIgE using Immuno CAP and SPT according to causative food 
allergen is presented in Supplementary Table 1. In both meth-
ods of Immuno CAP and SPT, detection rates of sIgE were high-
est in seafood and grains. The total number of 8 events showed 
both positive to Immuno CAP and SPT of causative food aller-

Table 1. Clinical characteristics of the study subjects

Characteristics Patients (n=95)

Age (year) 38.5±14.1 (19-72)
Sex, n (%)
   Male 46 (48.4)
   Female 49 (51.6)
Onset age (year) 34.7±15.8 (8-70)
Family history of Allergic diseases, n (%) 21 (22.1)
Known food allergy, n (%) 84 (88.4)
Comorbidities, n (%) 60 (63.2)
   Asthma 10 (10.5)
   Allergic rhinitis 42 (44.2)
   Allergic conjunctivitis 17 (17.9)
   Atopic dermatitis 7 (7.4)
   Drug allergy 19 (20.0)
   Chronic urticaria 9 (9.5)
Log total IgE (IU/L) 2.32±0.64

Values are presented as mean±standard deviation (range) or n (%).
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gen (buckwheat, 3 events; crab, 3 events; codfish, 1 event; pea-
nut, 1 event). There were 27 (33.3%) patients with FA to plants 
who also showed positive results on SPT and/or serum sIgE to 
pollen. 

Fig. 2 shows a comparison of major causative food allergens 
between males and females. The most frequent causative food 
was seafood in both males and females (33.8% and 35.5%, re-
spectively). The second most frequent causative foods in males 
were fruits (23.0%), which were the only causative food that 
showed a significant difference in frequency between males 
and females (P=0.011). In females, meats (14.0%) were the sec-
ond frequent causes of FA. 

Comparisons of causative food allergens according to age 
groups are shown in Table 2. FA events were more prevalent in 
younger subjects than in older subjects; there were 63 events 

(34.8%) in the 19- to 30-year age group, 79 (43.7%) in the 31- to 
50-year age group, and 39 (21.6%) in the ≥51 year age group. 
Seafood was the main food allergen for all age groups. Fruits 
and nuts-beans-seeds caused FA more frequently in the young-
er age group than in the middle-aged and older age groups. 
Particularly, the frequencies of vegetables-induced FA were sig-
nificantly different among the age groups (P<0.001). No one in 
the younger age group experienced FA to vegetables, whereas 4 
(5.1%) in the middle-aged group and 8 (20.5%) in the older 
group showed FA to vegetables. 

Interestingly, onset ages of FA differed according to food type. 
Among 181 FA events, data on onset age for 107 events were 
available. Eighty-six events (80.4%) involved adult onset (≥19 
years old). Onset ages of FA for each food allergen group were 
as follows: 38.5±17.0 years for plants-associated FA, 31.8±15.2 

Fig. 2. Comparison of major causative foods between male and female adults. *P value <0.05. NBS, nuts-beans-seeds.
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years for seafood-induced FA, and 33.4±14.1 years for FA to 
meats (P=0.169). Within the plant group, onset ages for FA to 
fruits, grains, nuts-beans-seeds, and vegetables also varied 
(23.4±13.7, 28.9±15.1, 37.3±13.5, and 55.3±10.6, respective-
ly, P<0.001). 

 
Clinical manifestations of food allergy

Among 181 FA events, the major clinical manifestation in-
volved cutaneous reactions (151, 83.4%). The second most fre-
quent manifestation accompanied with FA was anaphylaxis 
(47, 26.0%), followed by respiratory symptoms (43 23.8%) and 
oral allergy syndrome (OAS) (23, 12.7%). Clinical manifesta-

tions of FA in adults varied according to causative allergen (Ta-
ble 3). In the cases of anaphylaxis, the main causative food al-
lergens were crustacean (13, 27.7%), grains (7, 14.9%), and fish 
(6, 12.8%). 

Four (44.4%) out of 9 FA events presented as anaphylaxis in 
subjects older than 60 years old. Eleven events (68.8%) of ana-
phylaxis caused by plants showed positive results on sIgE to 
causative allergen or related pollen (apple, 1 event; wheat, 4 
events; buckwheat, 2 event; walnut, 1 event; peanut, 1 event; 
other vegetables 2 events). All 4 cases induced by wheat showed 
positive serum specific IgE to wheat. Eight events (61.5%) of 
crustacean-induced anaphylaxis showed serum specific IgE 

Table 2. Comparison of causative foods among three groups stratified by age

Characteristics
19-30 years 31-50 years ≥51 years

Male 
(n=34)

Female 
(n=29)

Total 
(n=63)

Male 
(n=27)

Female 
(n=52)

Total 
(n=79)

Male 
(n=13)

Female 
(n=26)

Total 
(n=39)

Plants, n (%) 17 (50.0) 11 (37.9) 28 (44.4) 11 (40.7) 25 (48.1) 35 (44.3) 8 (61.5) 9 (34.6) 17 (43.6)
   Fruits 8 (23.5) 5 (17.2) 13 (20.6) 8 (29.6) 3 (5.8) 11 (13.9) 1 (7.7) 1 (3.8) 2 (5.1)
   Grains 5 (14.7) 4 (13.8) 9 (14.3) 1 (3.7) 8 (15.4) 9 (11.4) 3 (23.1) 1 (3.8) 4 (10.3)
   Nuts-Beans-Seeds 4 (11.8) 2 (6.9) 6 (9.5) 2 (7.4) 10 (19.2) 12 (15.2) 1 (7.7) 2 (7.7) 3 (7.7)
   Vegetables 0 0 0 0 4 (7.7) 4 (5.1) 3 (23.1) 5 (19.2) 8 (20.5)*
Seafood, n (%) 12 (35.3) 10 (34.5) 22 (34.9) 10 (37.0) 20 (38.5) 30 (38.0) 3 (23.1) 8 (30.8) 11 (28.2)
Meat, n (%) 3 (8.8) 4 (13.8) 7 (11.1) 4 (14.8) 4 (7.7) 8 (10.1) 2 (15.4) 7 (26.9) 9 (23.1)
Milk, n (%) 1 (2.9) 3 (10.3) 4 (6.3) 0 1 (1.9) 1 (1.3) 0 0 0 
Egg, n (%) 1 (2.9) 0 1 (1.6) 1 (3.7) 0 1 (1.3) 0 1 (3.8) 1 (2.6)
Others, n (%) 0 (0) 1 (3.4) 1 (1.6) 1 (3.7) 2 (3.8) 3 (3.8) 0 (0) 1 (3.8) 1 (2.6)

Values are presented as number of cases (%).
*P<0.001, P value was calculated in the comparison of FA frequencies according to age group.

Table 3. Clinical manifestations according to causes of food allergy in adults

Causative Food Anaphylaxis 
(n=47)

Cutaneous 
(n=151)

OAS 
(n=23)

Respiratory 
(n=43)

CVS 
(n=6)

GI 
(n=12)

Nervous 
(n=6)

Plants 16 (34.0) 59 (39.1) 22 (95.6) 15 (34.9) 2 (33.3) 3 (25.0) 0
   Fruits 1 (2.1) 13 (8.6) 15 (65.2) 1 (2.3) 0 1 (8.3) 0
   Grains 7 (14.9) 19 (12.6) 1 (4.3) 3 (7.0) 2 (33.3) 1 (8.3) 0
   NBS 4 (8.5) 16 (10.6) 1 (4.3) 3 (7.0) 0 1 (8.3) 0
   Vegetables 4 (8.5) 11 (7.3) 5 (21.7) 8 (18.6) 0 0 0
Seafood 24 (51.1) 56 (37.1) 1 (4.3) 21 (48.8) 4 (66.7) 9 (75.0) 7 (100)
   Crustacean 13 (27.7) 28 (18.5) 0 9 (20.9) 0 2 (16.7) 1 (16.7)
   Shellfish 4 (8.5) 12 (7.9) 1 (4.3) 4 (9.3) 1 (16.7) 1 (8.3) 1 (16.7)
   Cephalopod 1 (2.1) 5 (3.3) 0 1 (2.3) 1 (16.7) 1 (8.3) 1 (16.7)
   Fish 6 (12.8) 11 (7.3) 0 7 (16.3) 2 (33.3) 5 (41.7) 4 (66.7)
Meat 3 (6.4) 24 (15.9) 0 5 (11.6) 0 0 0
Milk 2 (4.3) 4 (2.6) 0 1 (2.3) 0 0 0
Egg 1 (2.1) 3 (2.0) 0 1 (2.3) 0 0 0
Others 1 (2.1) 5 (3.3) 0 0 0 0 0

Values are presented as number of cases (%).
CVS, cardiovascular symptoms; GI, gastrointestinal symptoms; NBS, Nuts-Beans-Seeds; OAS, oral allergy syndrome.
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positivity to shrimp, crab, or lobster. In 23 events of OAS, almost 
all events were caused by plants (22, 95.6%). Eighteen events 
(81.8%) of OAS related to plants showed positive serum specific 
IgE to birch or alder pollen. Regarding the association between 
underlying allergic diseases and clinical manifestations of FA, 3 
(30%) out of 10 asthmatics and 31 (36.5%) out of 85 subjects 
without asthma had anaphylaxis. 

Cofactors related to the occurrence of food allergy
We found 19 (10.5%) events to be accompanied by cofactors 

with the following frequencies: exercise in 10 events, alcohol in 
5 events, medicine in 2 events, and taking a shower in 2 events. 
In 10 events with exercise as cofactors, 5 and 3 events were 
caused by wheat and seafood, respectively. Four (80%) of 5 pa-
tients with wheat dependent exercise-induced anaphylaxis had 
positive results on serum specific IgE to ω5-gliadin. Common 
medications involved as cofactors of FA were nonsteroidal anti-
inflammatory drugs and antibiotics.

DISCUSSION

This is the first study to investigate common causative food al-
lergens according to age, sex, and clinical manifestations of FA 
in Korean adults. In the present study, seafood was found to be 
the most frequent cause of FA in adults, regardless of sex and 
age, consistent with previous study results.9-11 Additionally, 
more than half of the seafood-induced FA events presented as 
anaphylaxis. In agreement with our results, a recent study re-
ported that seafood was the most common cause of food ana-
phylaxis in children between the ages of 7 and 18.12 Therefore, 
more intensive attention should be paid to adults with FA 
whose causative food allergens likely involve FA to seafood. The 
second most frequent causative food allergens were fruits in 
men and meats in women. Comparison of food allergens ac-
cording to age groups demonstrated that the second most fre-
quent food allergens were fruits and nuts-beans-seeds in the 
younger age group and vegetables and meats in the older age 
group. These findings may provide important additive informa-
tion for clinicians seeking to determine causative food allergens 
in Korean adults.

Ethnic and regional differences may contribute to the dispari-
ty in common food allergens, because principal food and di-
etary habits, as well as environmental factors, such as common 
aeroallergens, also vary among countries. A study of 171 adult-
onset FA cases from a single center in the US reported the 5 
most common food allergens as shellfish, tree nut, non-shell 
fish, soy, and peanut.9 A population-based Canadian study re-
ported that the most prevalent causative allergen of adult FA 
was seafood, followed by fruits, vegetables, and tree nut, in that 
order.10,11 Wheat was not reported as a common food allergen 
in these 2 studies. Meanwhile, 11.6% of all FA events involved 
grains-induced FA (15 wheat and 7 buckwheat) in the present 

study. In review of studies on FA in an Asian population, we 
noted similarities in causative food allergens for Japan with our 
results: common allergens included crustaceans, wheat, and 
fruits in that order.13 Chrysalis has been noted to be the most 
common allergen in a previous study which investigated the 
sensitization pattern of food allergens in Korean adults,14 
whereas there were only 2 food allergy cases in our study popu-
lation. Further studies on clinical manifestation along with the 
sensitization pattern to chrysalis should be performed.

A gender difference in FA has been reported only in the child 
population. Male gender was a risk factor in 2 kinds of FA phe-
notypes; multiple FA but predominantly peanut (odd ratio:  
2.00) and multiple FA but predominantly egg (odd ratio: 2.27).15 
In the present study, the male predominance of FA caused by 
fruits has been observed; however, further studies that include 
a larger number of patients are needed to elucidate the associa-
tion between gender and FA.

The major manifestations of FA in Korean adults were cutane-
ous symptoms, such as urticaria, itching, rashes, and angioede-
ma, in accordance with previous studies.9,16 Previous studies re-
ported anaphylaxis rates ranging from 0.14%16 to 49%9 for the 
overall FA cases; 26% of all FA cases involved anaphylaxis in the 
present study. Differences in the study populations resulting 
from different methods of enrollment and inclusion criteria 
may have contributed to this disparity in the study results: the 
proportion of anaphylaxis was low in a self-reported question-
naire-based survey of the general population,16 and another 
study excluded OAS from major clinical types of FA resulting in 
a higher proportion of anaphylaxis.9 

Among different study populations, different types of foods 
are reported as primary allergens in FA presenting as anaphy-
laxis. In a study in the United Kingdom, unidentified nut (23%) 
and peanut (22%) were leading causes of adult anaphylaxis.17 
Nevertheless, another Asian studies reported crustacean (68%) 
as the primary causative food allergen in patients with moder-
ate to severe FA.16,18,19 Crustacean and grains, including wheat 
and buckwheat, were more prevalent causative food allergens 
of anaphylaxis in Korea. Taken together, in contrast to Western 
countries, crustacean and wheat should be considered as not 
only common food allergens, but also allergens primarily asso-
ciated with anaphylaxis in Asian adults. 

Cofactors that can cause FA or increase the severity of FA have 
been reported to be present in 13% of all FA events.20 Exercise 
was the most common cofactor for FA and severe manifesta-
tions. Therefore, careful history taking to evaluate cofactors, in-
cluding exercise, alcohol drinking, and taking medications, es-
pecially for patients presenting as anaphylaxis, is important for 
the prevention for unanticipated recurrence of anaphylaxis.

This study has several limitations as a retrospective observa-
tional study conducted at a single center. Onset age, latent peri-
ods, and types of trigger foods were dependent on the patients’ 
recollection. Although 88.4% of the cases had a history of FA, no 
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double-blind, placebo-controlled food challenge test was ad-
ministered in the present study. Nevertheless, since we focused 
on cases of immediate food hypersensitivity in adults, allergen 
SPT and serum specific IgE to suspicious food allergens were 
helpful in confirming the causative foods. 

In conclusion, information on demographic factors and clini-
cal manifestations may be useful to physicians in assessing 
causes of FA in order to help patients avoid other FA events. 
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