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Food allergy

Food allergy is an important public health problem affecting 5% of 
infants and children in Korea. Food allergy is defined as an immune 
response triggered by food proteins. Food allergy is highly associated 
with atopic dermatitis and is one of the most common triggers of 
potentially fatal anaphylaxis in the community. Sensitization to food 
allergens can occur in the gastrointestinal tract (class 1 food allergy) 
or as a consequence of cross reactivity to structurally homologous 
inhalant allergens (class 2 food allergy). Allergenicity of food is largely 
determined by structural aspects, including cross-reactivity and 
reduced or enhanced allergenicity with cooking that convey allergenic 
characteristics to food. Management of food allergy currently focuses 
on dietary avoidance of the offending foods, prompt recognition and 
treatment of allergic reactions, and nutritional support. This review 
includes definitions and examines the prevalence and management of 
food allergies and the characteristics of food allergens. 
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Introduction

Food allergy (FA) is an important public health problem that 
affects children and adults worldwide. However, awareness of FA 
among health care professionals in Korea has been lacking. FA carries 
the risk of severe allergic reactions and even death, but there are no 
curative treatments and no effective prevention methods for FA yet. 
FA can only be managed by avoidance of the allergen or by treatment 
of symptoms as they arise. The National Institute of Allergy and 
Infectious Diseases (NIAID) in the United States (US) has recently 
published FA guidelines, including a consensus definition for FA, 
a discussion of comorbid conditions often associated with FA, and 
information on the epidemiology, natural history, diagnosis, and 
management of FA, including recommendations for treatment of 
severe symptoms and anaphylaxis1). The European Academy of 

Allergy and Clinical Immunology has created a task force to develop 
guidelines for the diagnosis and management of FA, and Japan has 
published a Japanese guideline for FA2).

Food-induced anaphylaxis and accidental exposure to food 
allergens in day care centers are primary reasons for hospital emer-
gency department visits by children in Korea3,4). In addition, 
nutritional problems caused by dietary avoidance of allergens have 
become an important public health issue5). Therefore, it is necessary 
to develop guideline for FA in Korea.

Definitions

The following definitions comply with the guidelines of the 
NIAID in the US1).

FA is an adverse health effect arising from a specific immune 
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response that occurs reproducibly on exposure to a given food.
Food intolerance is a non-immunologic adverse reaction to toxic 

contaminants or pharmacologic properties of the food; it may be 
due to characteristics of the host, including metabolic disorders (i.e., 
lactase deficiency) or idiosyncratic responses. 

Food is defined as any substance—whether processed, semi-
processed, or raw—that is intended for human consumption, 
and includes drinks, chewing gum, food additives, and dietary 
supplements.

Food allergens are defined as those specific components of food 
or ingredients within food (typically proteins, but sometimes 
also chemical haptens) that are recognized by allergen-specific 
immune cells and elicit specific immunologic reactions, resulting in 
characteristic symptoms.

Cross-reactivity is the reaction between an antibody and an antigen 
that differs from the immunogen. Cross-reactivity may occur when 
an antibody reacts not only with the original allergen, but also with 
a similar allergen. In FA, cross-reactivity occurs when a food allergen 
shares structural or sequence similarity with a different food allergen 
or an aeroallergen, which may then trigger an adverse reaction similar 
to that triggered by the original food allergen.

Allergic sensitization is the presence of allergen-specific immu-
noglobulin E (sIgE) to allergen. Because individuals can develop 
allergic sensitization to food allergens without having clinical symp-
toms on exposure to those foods, a sIgE mediated FA requires both 

the presence of sensitization and the development of specific signs 
and symptoms on exposure to the food. Sensitization alone is not 
sufficient to define FA. 

Food allergic disorders can be broadly divided into those that 
are mediated by IgE antibodies and those that are not (Table 1). 
Disorders with acute onset of symptoms after food ingestion are 
usually mediated by IgE. FA may coexist with asthma, atopic 
dermatitis, eosinophilic esophagitis, and exercise-induced anaphylaxis 
(Table 2). Atopic dermatitis is highly associated with FA. Children 
with moderate to severe persistent atopic dermatitis have a higher 
prevalence of IgE-mediated FA, estimated at about 35%6,7).

Prevalence and natural history

In Korea, the prevalence of FA is 5.3% in infants, and the mean 
lifetime prevalence of FA is 4.7% for children aged 6 to 12 and 
5.1% for those aged 12 to 158,9). These rates are similar to those of 
westernized countries10,11). The reported prevalence of FA differs from 
the true prevalence. The true prevalence of FA is difficult to establish 
for several reasons. One of the reasons is that studies of FA incidence 
and prevalence are difficult to compare due to inconsistencies in study 
design and variations in the definition of FA. Furthermore, there are 
more people who believe they have FA that those who actually do, 
so that prevalence of self-reported FA is overestimated. A recently 
published meta-analysis regarding prevalence of FA included data 

Table 1. Classification of Food Allergic Reaction by Mechanism

IgE-mediated type Mixed type Non-IgE-mediated type

Gastrointestinal 
(GI)

Immediate GI hypersensitivity
Oral allergy syndrome

Allergic eosinophilc gastro-enterocolitis Dietary protein enterocolitis
Dietary protein proctitis
Dietary protein enteropathy
Celiac disease

Cutaneous Urticaria
Angioedema

Atopic dermatitis Dermatitis herpetiformis

Respiratory Allergic rhinitis Asthma Food-induced pulmonary hemosiderosis (Heiner syndrome)

Systemic Anaphylaxis

IgE, immunoglobulin E.

Table 2. Conditions that Coexist with Food Allergy (FA)

Condition Summary

Asthma FA is associated with severe asthma. 

Atopic dermatitis AD and FA are highly associated. 60%, 28%, 8%, and 4% of children with AD and FA were allergic to 1, 2, 3, and 4 foods, 
respectively. 

Exercise-induced anaphylaxis Exercise-induced anaphylaxis in adults is triggered by foods in about one third of patients and has a natural history marked 
by frequent recurrence of the episodes.

Allergic rhinitis IgE-mediated FA does not commonly manifest as allergic rhinitis. 

This table is made based on NIAID guideline summary1).
AD, atopic dermatitis; IgE, immunoglobulin E.
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from 51 publications and provided separate analyses of the prevalence 
of FA for 5 foods: milk, egg, peanut, fish, and crustacean shellfish12). 
The investigators reported an overall prevalence of self-reported FA 
of 12% for children and 13% for adults, while overall prevalence of 
self-reported symptoms plus sensitization by double blind placebo-
controlled food challenge for any of these 5 foods was 3% for adults 
and children.

Over 90% of FA results from exposure to egg, milk, peanut, 
tree nut, fish, shellfish, soy, and wheat13). The prevalence of FA is 
influenced by age, culture, and dietary habits. Age is one of the most 
important factors determining the type of FA. The most common 
offending foods are egg, milk, soy, and peanut in children, and 
wheat, and shellfish, tree nuts, and peanuts in adults. The order 
of importance of specific allergens varies by country, reflecting 
the interaction of culture and dietary habits. Peanut, buckwheat, 
mustard, and sesame are good examples of this. Despite similar levels 
of peanut consumption, there is a difference in the prevalence of 
peanut allergy between the US and China, and it is generally agreed 
that this discrepancy stems from the effects of different cooking 
methods on the allergenicity of peanuts; i.e., roasting using higher 
temperatures apparently increases the allergenic properties of peanut 
proteins14). Buckwheat is an important food causing anaphylaxis in 
Korea and Japan, but this is very rare in other countries15). Sesame 
seed allergy is more commonly observed in Israel than elsewhere, 
and mustard allergy is mainly observed in France16,17). The prevalence 
of shellfish allergy is 0.5% in Canada, but 4% in Singapore and the 
Philippines18). 

Patients with FA developed during infancy tend to become 
tolerant and able to eat causative foods with ageing, so children with 
FA should have periodic evaluation for remission. Remission rates 
vary according the offending foods, although the reason for this is 
still unknown. High remission rates are observed for eggs and cow’s 
milk, while low remission rates are reported for peanut and tree nut. 
In a retrospective study from Korea including 106 children with 
atopic dermatitis and egg allergy diagnosed before 2 years of age, 
60% became tolerant to egg by age 5, and the age at the diagnosis of 
the egg allergy was the significant prognostic factor for tolerance19). 
A study from Spain reported that 66% of children with early FA 
became tolerant by age 520). In a retrospective study from the US, 
the rate of egg allergy remission was 26% by age 6, and risk factors 
for persistence of egg allergy included a high initial level of egg sIgE, 
the presence of other atopic disease, and the presence of an allergy to 
other foods21). A study at a US university referral hospital reported 
that 80% of all infants who developed milk allergy in the first year 
of life became tolerant by their fifth birthday13), while a more recent 
US study has reported a much lower rate (5% at age 4 and 21% at age 

8) of FA remission22). Bock and Atkins23) reported that most patients 
with peanut allergy did not develop tolerance. Until recently, peanut 
allergy was considered life-long, but a small percentage of children 
tolerated peanut several years after their initial diagnosis24,25). 

Food allergens

1. General characteristics 
Traditional or class 1 food allergens, such as egg, are heat-, enzyme-, 

and low pH-resistant water-soluble glycoproteins ranging in size from 
10 to 70 kD. Class 1 food allergens induce allergic sensitization via 
the gastrointestinal tract and are responsible for systemic reactions 
(traditional or class 1 FA)13). Class 2 food allergens, such as apple and 
celery, are heat-labile, susceptible to digestion, and highly homologous 
with proteins in pollens. Class 2 FA (oral allergy syndrome, OAS) is 
typically the result of sensitization to labile proteins, such as pollens, 
encountered through the respiratory route. IgE antibodies to pollens 
recognize homologous epitopes on food proteins of plant origin26).

2. Cross-reactivity 
Cross-reactivity is largely determined by structure: 2 proteins are 

cross-reactive if they share structural features. Phylogenetically related 
mammals express similar milk proteins with significant amino acid 
sequence homology, resulting in clinical cross-reactivity among 
cow, sheep, and goat milk27,28). Clinical cross-reactivity between 
peanut and other legumes is extremely rare, despite the high degree 
of cross-sensitization based on IgE binding and results of skin prick 
tests29). OAS is a form of contact allergy to raw fruits and vegetables 
(Table 3). OAS affects approximately 50% of pollen allergic adults 
and represents the most common adult FA. It results from the 
cross-reactivity between the allergenic proteins in pollens and plant 
foods26,30).

3. Cooking
Thermal processes can reduce or increase the allergenicity of 

Table 3. Patterns of Pollen–Fruit and Vegetable Cross-Reactivity

Pollen Food cross-reactivity

Birch 
(tree)

Fruits: apple, peaches, plums, nectarine, cherry, pears
Nuts: almond, hazelnut
Vegetables: carrot, celery, raw potato

Ragweed Fruits: melons (watermelon, cantaloupe, and honeydew), banana 
Vegetables: tomato, cucumber

Mugwort 
(weed)

Vegetables: carrot, celery
Spices: caraway seeds, parsley, coriander, anise seeds, fennel 

seeds

Grasses Fruits: melons, kiwi, peaches 
Vegetables: tomato
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regulations announced by the Korean Food & Drug Administration 
(effective June 17, 2006) require food manufacturers to indicate if a 
product contains any of 12 food allergens: milk, eggs, peanuts, soy, 
wheat, buckwheat, shrimp, crab, mackerel, pork, tomato, and peach. 
However, this regulation is not sufficient to prevent FA accident 
because it excludes tree nut and fish, which are also important 
allergens that can cause anaphylaxis. Therefore, food labeling 
regulations need to be revised. Another danger faced by food-allergic 
patients is occult contamination with trace amounts of food from 
shared of equipment. All equipment and utensils used to prepare 
allergenic food should be cleaned with hot soapy water before being 
used to prepare allergen-free food. 

The US NIAID guidelines recommend nutritional counseling 
and regular growth monitoring for all children with FA. Children 
with FA may be at risk for inadequate nutritional intake or poor 
growth without apparent nutritional problems35-37). Flammarion et 
al.37) assessed food intake and nutritional status of children (mean 
age, 4.7±2.5 years) with FA following an elimination diet and 
reported that children with food allergies were smaller for their age 
than controls, even when they received similar nutrients. Young 
children who are sensitive to multiple major food allergens are at risk 
for protein and calorie deficiency and may require a hypoallergenic 
formula to meet their needs. Hypoallergenic formulas available in 
Korea are based on extensively hydrolyzed casein derived from cow’s 
milk (i.e., Babywell HA, Pregestimil, Neutramigen, Alimentum) or 
on a mixture of single amino acids (Neocate). Soy protein formula 
is not an appropriate substitute for patients with cow milk allergy 
because soy allergy is highly prevalent in patients with cow milk 
allergy38,39). Sheep and goat milk-based formulas are also discouraged 
because of cross-reactivity with cow milk28).

Children may be at risk for accidental exposure to food allergens 
and FA reactions, including anaphylaxis, in schools and daycares, 
where they spend many of their days. In Korea, 99.6% of all schools 
provide school lunches, and 8 million students, representing 
approximately 20% of the Korean population, are offered school 
lunches during school days40). Presently, most students with FA must 
rely solely on self-care, because no emergent measures for FA provided 
by the schools are in place. Other developed countries, including 
the US and Japan, have introduced school-wide or government-
supported plans for management FA in schools41,42). Government-
supported management and treatment action plans for FA at schools 
should also be established in Korea. 

For families of patients in the US with FA who need practical 
information and a comprehensive curriculum regarding FA mana-
gement, www.foodallergy.org provides advice on dietary avoidance, 
along with survival strategies for schools, restaurants, and camps, 

certain food proteins. Thermal denaturation of globular proteins 
disrupts the tertiary structure, leading to random-coiled aggregation 
and insolubility. In one study, heating for 15 minutes at 95°C reduced 
IgE binding with ovalbumin and ovomucoid, and egg white proteins 
boiled for 5 or 60 minutes showed greatly decreased allergenicity, 
especially after prolonged boiling for 60 minutes31,32). Lemon-Mule et 
al.33) reported that 64 of 117 subjects tolerated egg baked in muffins 
(176°C for 30 minutes) and waffles (260°C for 30 minutes), but only 
23 tolerated regular scrambled egg or French toast. However, other 
studies have shown that the IgE binding capacity of soy 2S-globulin 
is strengthened by heating, and, as noted above, roasting using higher 
temperatures apparently increases the allergenic properties of peanut 
proteins14). Chemical processing can also change allergenicity. The 
allergenicity of the major peanut allergens Ara h 1, Ara h 2, and Ara 
h 3 was decreased by vinegar treatment, suggesting that the extent of 
allergenicity varies with pH34).

Management

Currently, the only way to manage FA is avoidance of the allergen 
and prompt treatment of symptoms when they arise. Accidental 
exposure to food allergens is inevitable and patient and family 
education regarding cross-contamination, label reading, and prompt 
recognition and treatment of food allergic reactions is a cornerstone 
of FA management. Because avoidance of specific allergens can limit 
the availability of nutritious food choices, nutritional counseling and 
regular growth monitoring are recommended for all children with 
FA, especially during infancy. 

Elimination of causative foods should be minimized to prevent 
nutritional disorders and improve the quality of dietary life. Even 
if a food is positive for sIgE antibodies and skin prick test, it should 
not be eliminated if an oral challenge test is negative. Tolerance 
to foods, especially egg and milk, should be checked periodically, 
because children tend to outgrow the allergies. Strict avoidance of 
offending allergen-containing food products has been the standard 
of care for children with FA. However, as noted, Lemon-Mule et 
al.33) have recently demonstrated that ingestion of extensively heated 
egg products was well-tolerated and safe for some patients with egg 
allergy, and they have suggested that strict dietary avoidance of heated 
egg might not be necessary for all patients with egg allergy.

Because even trace amounts of food allergens may trigger severe 
reactions in highly sensitive food-allergic individuals, strict avoidance 
is very important in these individuals. It is essential to educate patients 
and families regarding cross-contamination and label reading, 
because many patients and their caregivers do not recognize the risk 
of exposure to trace amounts of food allergen. In Korea, food labeling 
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manufacturers’ updates, and special support programs for teenagers 
and FA experts43). In Korea, www.foodallergy.or.kr supplies food 
allergic families and supervisors with similar information.

In summary, FA is an emerging worldwide health problem 
requiring increased attention from primary care clinicians in Korea. 
Although FA has a relatively low mortality and an almost continual 
absence of physical symptoms, patients with FA face the possibility of 
potentially severe, and even fatal, reactions and must maintain dietary 
vigilance. It is essential to offer information and support to children 
with FA and their families. General practitioners should tailor this 
information to the specific needs of each FA patient and parents and 
pediatricians should be aware of psychosocial problems in children 
with allergic diseases.
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