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Abstract

Egg allergy is one of the most frequent food allergies in children below the age of
three. Common symptoms of egg allergy involve frequently the skin as well as the
gut and in more severe cases result in anaphylaxis. Non-IgE-mediated symptoms
such as in eosinophilic diseases of the gut or egg-induced enterocolitis might also be
observed. Sensitization to egg white proteins can be found in young children in
absence of clinical symptoms. The diagnosis of egg allergy is based on the history,
IgE tests as well as standardized food challenges. Ovomucoid is the major allergen
of egg, and recent advances in technology have improved the diagnosis and follow-
up of patients with egg allergy by using single allergens or allergens with modified
allergenic properties. Today, the management of egg allergy is strict avoidance.
However, oral tolerance induction protocols, in particular with egg proteins with
reduced allergenic properties, are promising tools for inducing an increased level of

tolerance in specific patients.

Prevalence

IgE-mediated food allergy is common among children and
egg white, together with milk and peanuts, is one of the
foods most frequently incriminated below the age of 3 years.
The estimated prevalence of egg allergy has been reported to
vary, depending on method or definition. Self-reported preva-
lence values of egg allergy of up to 7% have been demon-
strated, while challenge-confirmed egg allergy has shown
lower estimates, up to 1.7% (1). An estimated point preva-
lence of 1.6%, confirmed by challenge, was reported from
Norway and Denmark (2, 3), and a similar prevalence of
1.3% was reported from the United States (4). Egg allergy
also accounts for a high prevalence in childhood in France
and Japan (5, 6). Egg allergy is the most common food
allergy in children with atopic dermatitis. Egg allergy was
found to be present in about two-thirds of children with posi-
tive food challenges made for allergy work-up of atopic
dermatitis (7).

Symptoms (clinical presentation)

Initial allergic reactions to egg are usually observed during
the first year of life. The most common symptoms are

Allergy 65 {2010} 283-289 © 2009 John Wiley & Sons A/S

IgE-mediated erythema, urticaria and eczematous rash
occurring in 90% of the children (8). Furthermore, gastro-
intestinal symptoms, abdominal pain and vomiting (mostly
in conjunction with other immediate-type symptoms) occur
in 40-50% of cases following egg ingestion. In addition,
egg is one of the most common food allergens in allergic
eosinophilic esophagitis (AEE) and allergic eosinophilic gas-
troenteritis (AEG) that might be IgE-mediated, cell-medi-
ated or both (9). AEE is seen most frequently during
infancy through adolescence, whereas AEG can occur at
any age, including young infants. Food protein-induced
proctocolitis and food-induced enterocolitis, also reported
to be egg-induced, are other gastrointestinal disorders and
appear to involve a non-IgE, cell-mediated mechanism (10,
1.

Anaphylactic reactions to egg are not commonly reported,
even in children. However, the reaction severity has been
associated with asthma, suggesting that asthma care should
be a critical target for supervision of children with food
allergy (12). In rare cases, egg has caused fatal reactions
because of anaphylaxis (13).

Ingestion of cooked or baked egg can be tolerated by some
children who react to raw egg, whereas other children react
both to raw as well as heated egg (14-18).
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Egg white components

Egg white is the major source of allergens in egg. Egg white
contains 23 different glycoproteins, most of which have been
purified. Ovomucoid (Gal d 1), ovalbumin (Gal d 2), ovo-
transferrin/conalbumin (Gal d 3) and lysozyme (Gal d 4)
have been identified as the major allergens (Table 1) (19).
Although ovomucoid comprises only 10% of the total egg
white protein, it has been shown to be the dominant allergen
(19, 20). Ovomucoid has several unique characteristics, such
as stability against heat and digestion by proteinases. It also
appears to be allergenic in minute quantities.

Sensitization

Initial sensitization to food is generally accepted to take place
via the gut mucosa or cutaneous exposure (21). Sensitization
to food in infants is often transient and low levels of IgE
antibodies to egg can occur without any symptoms (22),
highlighting the fact that allergen-specific IgE is a marker of
allergic sensitization and not of allergic disease. Reactions
occurring on first known ingestion or skin contact with egg
are not uncommon (23). In a prospective study of 107 young
children who not previously ingested egg but were sensitized
to egg white, oral food challenges to egg were performed at a
median age, 15 months (range; 12-24 months). The egg chal-
lenge resulted in an immediate or early reaction (within 6 h)
in 56/107 (52.3%) children (24). The presence of IgE anti-
bodies to egg has been demonstrated in infants with atopic
dermatitis before the introduction of egg into the diet (24,
25). Sensitization may thus theoretically occur either by
transplacental transfer of egg allergen (26) or through breast
milk (27). In addition, experience with occupational asthma
to inhaled egg proteins that may be followed by breakdown
in previously established oral tolerance to ingested egg, sug-
gests a possible inhalation route for primary sensitization to
egg allergens (28, 29).

The pattern of allergic sensitization in a large cohort of
infants with atopic eczema, participating in an international
study multicenter was recently published and showed a
predominance of sensitization to egg in each country, with a
global rate of sensitization to egg white of 42% (30). The
pattern of sensitization to egg white in the individual coun-
tries was paralleled by the pattern of sensitization to peanut.

Table 1 Major egg white allergens

Benhamou et al.

Sensitization to egg white is considered to be a risk factor for
development of peanut allergy; 20% of children with AD and
egg white sensitization will ultimately develop peanut allergy.
In an ongoing clinical trial, headed by Dr G. Lack in
London, investigating prevention of peanut allergy [LEAP
study; Learning Early About Peanut allergy], infants between
the ages of 4 and 10 months and with AD and detectable
serum egg white IgE antibody levels are randomly assigned
to peanut avoidance until 3 years of age or to early introduc-
tion of a peanut-containing snack three times per week
(equivalent to about 6 g of peanut protein per week). The
primary endpoint of the study is the proportion of children
who develop peanut allergy by age S years in each study
group. The study will reach completion in 2013.

A strong association between sensitization to egg during
infancy and sensitization to inhalant allergens later in child-
hood has been observed by several groups (31-35). Sensitiza-
tion to egg in infancy, and particularly in combination with
atopic dermatitis, should thus be considered a risk marker
for predicting future inhalant allergy. The mechanism of this
association has not been elucidated.

Common vaccines, such as influenza vaccine, that are
cultured in fertilized chicken eggs may contain small amounts
of egg allergen, and immunization with these vaccines might
cause adverse effects in children with egg allergy (36). Egg
allergy is therefore still considered a contraindication to
immunization against influenza, particularly in individuals
with a history of egg anaphylaxis. However, it has been
clearly demonstrated that minute amounts of egg proteins
possibly present in the MMR vaccine do not provoke allergic
reactions in egg-allergic individuals, implying that this
vaccine i$ not contraindicated in egg-allergic individuals (37).

Diagnosis
Challenge

An accurate history is the key element in the diagnostic
process of egg allergy. The double-blind placebo-controlled
food challenge (DBPCFC) test remains the golden standard
for the confirmation of food allergy although, in clinical
practice and especially in infants, open challenges are useful.
Challenge methods often vary from study to study and
challenge availability varies from country to country.
Standardized guidelines would facilitate comparison of the

IgE binding activity

Constitute*  Mw Carbohydrate Digestive Allergenic Test code
Allergen Common name (%) (kDa) pl (%) Heat-treated enzyme-treated  activity  {in-vitro tests)
Gald 1 Ovomucoid 11 28 4.1 ~25 Stable Stable +4+ f233
Gald 2 Ovalbumin 54 45 45 ~3 Unstable Unstable ++ 232
Gald 3  Ovotransferrin/conalbumin 12 76.6 6.0 26 Unstable Unstable + 323
Gald 4 Lysozyme 3.4 143 107 0 Unstable Unstable ++ k208

*Percent of egg white proteins.
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outcome and results between studies. A Position Paper for
this purpose has been presented by the European Academy
of Allergology and Clinical Immunology (38). Challenge tests
always imply a potential risk to the allergic child and should
thus only be performed by trained allergists in clinics with
adequate facilities. Besides, challenge tests are time-consum-
ing and not considered practical in the primary care setting.
The diagnosis is therefore often assessed by quantitative IgE
tests but always needs to be correlated to a convincing his-
tory (39). It should be emphasized that if a child tolerates
egg in the diet on a regular basis without any immediate
reaction, then this child is not egg allergic, even if high levels
of egg white-specific IgE antibody are detected in serum. In
clinical practice, food challenges are used both for initial
diagnosis as well as monitoring of food allergy resolution.
This is already the trend in milk and egg allergy but needs
further support for everyday practice.

Skin prick tests

Skin prick tests (SPT) are frequently used in screening for
egg-specific IgE and should be performed by trained person-
nel. The diagnostic accuracy of SPTs is dependent on the
quality of the extract, which should be standardized. In chil-
dren with atopic dermatitis and egg allergy, SPT shows a
good sensitivity and NPV, but poor specificity and PPV (40).
As a consequence, a negative test essentially excludes an
IgE-mediated egg allergy, whereas a positive test does not
predict clinical reactivity accurately. Few studies correlated
the results of the prick skin test with the outcome of an oral
egg challenge. In a study by Sporik et al. (41), positive skin
reactions to egg 27 mm (mean wheal diameter) were associ-
ated with an adverse reaction on a formal open challenge,
indicating that a wheal diameter equal to or greater was
100% specific in defining the outcome of challenge. For
3 mm diameter, the specificity was reduced to 70% for egg,
and positive challenges were observed in children with a
negative skin reaction.

In vitro 1gE tests

IgE antibodies to egg white proteins can be measured in
serum by standardized assay systems, used in clinical routines.
As for SPT, the quality and performance criteria for the assay
need to be considered. The test is principally dependent on
the egg allergen preparation, composition, quality and stabil-
ity. Commercially purified egg white single proteins often con-
tain significant quantities of contaminating protein, which
may lead to erroneous interpretation of test results (19).

In vitro 1gE antibody tests provide standardized, quantita-
tive measurements of egg-allergen-specific IgE, and a relation
between the concentration of egg-specific IgE antibodies and
the probability of reaction during an ingestion food challenge
can be determined. Threshold values of egg-specific IgE
(cutoff values) to predict the outcome in challenge have been
defined in several studies, showing various predictive values.
Crespo et al. (42) challenged children with egg allergy after
2.5 years of egg elimination, and the outcome of the

Allergy 65 (2010) 283-289 © 2009 John Wiley & Sons A/S
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challenges were correlated with the egg-specific IgE antibody
levels. A likelihood ratio of 6.3, if the concentration of egg-
specific IgE was 1.2 kUA/l, made the investigators draw the
conclusion that challenges could be delayed in children with
egg-specific IgE concentrations greater than 1.2 kUA/l. The
studies by Sampson (43) suggested the diagnostic decision
point for egg white IgE to be 7 kU4/l, with 95% of the chil-
dren having a clinical reaction. A similar value, 7.4 kUA/],
was recently reported by Ando et al. (44). Although different
values have been demonstrated in other studies, the predictive
cutoff values are constantly lower in small children and
increasing by age (8, 45-48). For children under 2 years of
age, egg white IgE level > 2 kU /1 has 95% PPV (49).

The range of cutoff levels observed might depend not only
on differences in age, but also on the type of symptoms,
other clinical characteristics of the cohorts such as prevalence
and/or various challenge procedures and the type of food
given during the challenge. Future studies utilizing patients
with well-characterized clinical phenotypes and with stan-
dardized challenge protocols, including foods preparation,
should give better comparable results and useful predictive
information (50).

In children with low levels of egg-specific IgE, those with
the smaller SPT responses to egg were shown to be more
likely to pass a challenge test to egg than children with larger
wheal responses. In children with egg white IgE levels
< 2.5 kUa/l, the skin test wheal diameter of egg white com-
mercial extract equal or smaller than 3 mm was associated
with a 50% pass rate during the supervised oral egg
challenge. Thus, on these occasions, a combination of the
two tests might provide additional information to the clini-
cian in determining the timing of egg challenge (51).

The studies mentioned earlier set cutoff levels for the diag-
nosis of egg allergy and did not evaluate the egg-specific IgE
levels in relation to the severity of the challenge reaction.
This was recently investigated by retrospectively reviewing
clinical data on symptoms at a standardized oral food chal-
lenge to egg and egg-specific IgE levels. Analyses showed
statistical differences in egg-specific IgE levels for patients
with severe, moderate or absent reactions at challenge, high-
est for patients with severe reactions and decreasing with the
severity of reaction.

This indicates that the level of egg-specific IgE might be a
help to assess the potential risk of a reaction to egg (48).

Ovomucoid in the diagnosis of egg allergy

Ovomucoid is heavily glycosylated and contains three well-
separated domains, which have been investigated with regard
to allergenicity (52). Each domain bears unique epitopes that
are recognized by IgE antibodies from egg-allergic patients.
Analysis of sera from egg-allergic patients showed that IgE
antibodies reacted with all three domains but significantly
more to the second ovomucoid domain (20). However,
further investigations could demonstrate a higher IgE-binding
to the pepsin digests of ovomucoid in egg-allergic patients
who did not outgrow their allergy, compared to patients who
developed tolerance (53). Previous studies have suggested that
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the allergenicity could be explained by the fact that ovomu-
coid demonstrates a higher stability against protease diges-
tion and heat compared with other egg white components
(14, 19). Significant differences in IgE antibodies to ovomu-
coid were found in patients, depending on the reactivity to
raw and cooked eggs, where low levels of IgE antibodies to
ovomucoid were associated with tolerance to cooked eggs
(14). Furthermore, quantification of ovomucoid antibodies
could be useful in guiding the physician in the decision
whether to perform a challenge or not. Recently published
data suggest that a concentration of IgE antibodies to
ovomucoid higher than approximately 11 kUx/l (positive
decision point) indicates a high risk of reacting to heated (as
well as raw) egg. At the same time, a concentration lower
than approximate 1 kUa/l (negative decision point) means
that there is a low risk of reaction to heated egg, even if the
patient might well react to raw egg (44).

New diagnostic tools for egg allergy

Recent advances in technology, improved purified allergens
and specific epitopes open up new opportunities and better
defined diagnosis of food allergy. Component-resolved
diagnostics using microarray technology has recently been
evaluated in the diagnosis of egg allergy. The clinical perfor-
mance of an allergen microarray, containing a panel of clin-
ically relevant egg components, has been evaluated for IgE
detection in children with challenge-proven egg allergy. The
results showed performance characteristics comparable to
current diagnostic tests, both in vitro IgE-test and SPT (54).
The advantages of the microarray assay allow for character-
ization of several allergen components simultaneously.
Furthermore, the small volume obtained by capillary blood
sampling makes the microarray assay suggestive for testing
in small children.

Point-of-care (POC) tests for small children, requiring
small volumes of capillary whole blood and with results

Benhamou et al.

within 30 min, could be particularly suitable in primary care
settings. A new POC test with a panel of ten allergens,
including egg white, has recently been evaluated and pub-
lished, with an overall sensitivity and specificity of 92% and
97%, respectively (55). Measurements of 1gG, and the ratios
of IgE/IgG,4 have also been shown to be useful in following
the development of tolerance and outgrowing of egg allergy
in the research studies (56, 57). However, at this time,
measurement of IgG, has not been validated sufficiently to
be used in clinical practice.

Management/therapy

Today, the standard therapy for egg allergy is strict avoid-
ance, access to self-injectable epinephrine and adequate phar-
macotherapy in the event of an accidental ingestion. Basic
food, such as egg, is widely used in many processed foods
and difficult to avoid. This difficulty in egg avoidance and
the risk of dietary failures have been shown to affect the
quality of life for egg-allergic children as well as their families
(58).

Oral desensitization to different foods has earlier been
reported with a limited number of patients and various
results of tolerance achievement (59, 60). In recent years,
more promising articles have been published on achieving
clinical tolerance to egg by oral immunotherapy (OIT), or
sometimes called specific oral tolerance induction (SOTI).

Food allergy seems to result in a failure to establish or
maintain oral tolerance (61). In order to achieve tolerance,
the offending food is administered orally in small doses,
which are increased slightly up to an amount equivalent to
the usual daily oral intake. Thereafter, the food is given daily
in a maintenance dose (62, 63). New preparations of heated
and ovomucoid-reduced egg white, which is hypoallergenic
enough to eat for approximately 95% of egg-allergic subjects,
are currently under investigation and might be effective and
safe for patients under OIT (Fig. 1). The individual pattern

Figure 1 (A) Freeze-dried egg white, (B) Cookie including heated & ovomucoid-reduced egg white, (C) Cookie including heated egg white,

(D) Cookie without egg white.
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of clinical reactions seems to vary between patients and type
of allergen. In some patients who obtained tolerance by OIT,
the allergic symptoms were found to re-occur after a period
of avoidance, indicating a short-term and not lifelong toler-
ance to egg (62, 64). As a consequence, regular egg ingestion
might be necessary to maintain the established tolerance for
those patients.

Children with successful oral immunotherapy to egg were
shown to have lower baseline levels of IgE antibodies to egg
compared to nonresponding children. In addition, the levels
of egg-specific IgE decreased over time in children with suc-
cessful OIT. However, this study also showed that egg-
specific 1gE decreased in children who developed natural
tolerance during elimination diet (63).

Furthermore, other studies have demonstrated an increase
over time in IgG and IgG, antibodies to egg during oral
immunotherapy (61, 65, 66).

Immunologic changes associated with ingestion of exten-
sively heated egg in children with egg allergy were recently
published by Lemon-Mulé et al. (56). Children reacting to
heated egg had significantly larger egg white-induced SPT,
greater levels of IgE antibodies to egg white, ovalbumin and
ovomucoid and higher OVA-IgE/IgG, and OVM-IgE/IgGy
ratios, compared with children tolerant to heated and
unheated egg. Continued ingestion of heat-treated egg for
tolerant children showed a decrease in OVA-IgE/IgG,4 and
OVM-IgE/IgG, ratios from baseline at 3, 6 and 12 months,
respectively. These results suggest that ingestion of heated
egg by tolerant children might hasten the development of
tolerance to unheated egg. The authors found that only extre-
mely increased levels of IgE antibodies to ovomucoid
(> 50 kU /) were highly predictive of heated egg reactivity.
This might be explained by the so-called matrix effect (67,
68), because of the fact that the heated egg used in the study
was baked with wheat matrix. Kato et al. (69) previously
showed a decreased solubility of ovomucoid when egg was
mixed with wheat flour and wheat gluten and heated,
suggesting that ovomucoid forms complexes with gluten
leading to aggregation and insolubilization.

Resolution/persistence

The prognosis of egg allergy in young children is generally
good and shown to resolve in 50% by age 3 years and in
66% by age 5 years (49). However, results from a recent
study suggest a longer duration of allergy, predicted resolu-
tion in 4% by age 4 years, 12% by age 6 years, 37% by age
10 years and 68% by age 16 years. Moreover, children with
egg-specific IgE greater than 50 kUs/l were unlikely to
develop egg tolerance (70).

Monitoring egg-specific IgE levels has been found to be
useful in predicting when patients will develop clinical toler-
ance. A relationship between the degree of decrease in egg-
specific IgE concentration over time and the probability of
developing tolerance has been demonstrated, showing that a
greater decrease in egg-specific IgE levels over a shorter
period was indicative of a greater likelihood of tolerance
development (71). Application of this model might help the
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clinician in the timing of challenge and in offering informa-
tion to the patient and the family regarding the prognosis of
the allergic disease.

Significantly higher levels of specific IgE antibodies to
ovomucoid were demonstrated in children with persistent
egg allergy. Children with high levels of IgE antibodies
binding to pepsin-treated ovomucoid were thus less likely to
outgrow their egg allergy compared to children who devel-
oped tolerance (53). In addition, sera from children with
persistent egg allergy recognized more linear epitopes on
ovomucoid. Four sequential IgE-binding sites on ovomucoid
have been identified, differentiating children with persistent
egg allergy from those with transient egg allergy (72). The
presence of IgE antibodies to specific sequential epitopes
may therefore be useful as a screening tool for persistent
egg allergy.

High ratios of IgG,/IgE antibodies to ovalbumin were also
associated with a faster achievement of clinical tolerance in
egg-sensitized children with eczema, who had been able to
introduce egg in their diet. As a consequence, IgGy/IgE ratios
may be a valuable marker for identifying sensitized children
able to continue with allergen exposure (57).

Future perspectives

The goals for the future are
® Prediction of tolerance when the diagnosis of egg allergy
has been established:
e by measuring antibody titers of specific egg white
proteins in various forms (heated or unheated).
¢ by determining whether combinations of tests to
specific egg white proteins in various forms
could predict tolerance to eggs.
® by determination of IgE/IgG ratios.
e Efficient induction of tolerance to egg in egg-allergic
individuals:
® by studying efficient tolerance induction protocols
with heated and partially heated egg-containing food
products.
® by establishing safe and efficient mucosal and
systemic immunotherapy protocols.
e Prevention of development of egg allergy or progression to
allergic symptoms in high risk individuals for allergy:
® by identifying at-risk individuals with appropriate
(egg-specific) tests.
In conclusion, egg allergy is not only most common in chil-
dren suffering from food allergies, but sensitization to egg
protein is a complex, only partially characterized pheno-
menon found in allergy-prone individuals. Addressing various
aspects of egg allergy and antibody response to egg sensitiza-
tion will allow most fascinating studies with a direct impact
in order to prevent allergic manifestations in childhood.
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Oral Allergy Syndrome

Yasuto Kondo! and Atsuo Urisu?

ABSTRACT

Oral allergy syndrome (OAS) is defined as the symptoms of IgE-mediated immediate allergy localized in the
oral mucosa, and the characteristics depend on the lability of the antigen. Another term used for this syndrome
is pollen-food allergy (PFS); the patient is sensitized with pollen via the airways and exhibits an allergic reaction
to food antigen with a structural similarity to the pollen (class 2 food allergy). In addition to PFS, latex-fruit syn-
drome is also well-known as the disease exhibiting OAS. In treating the condition, it must be noted that most
but not all symptoms of PFS are those of OAS. In many cases, antigens become edible by heating, but some
are resistant to heating. Also, since the exacerbation of atopic dermatitis is occasionally observed after the in-
take of cooked antigens in asymptomatic individuals, careful inquiry of the history is important in designing the
treatment. Immunotherapy against the cross-reacting pollen has also been attempted in PFS.

KEY WORDS
allergen, allergic rhinitis, food allergy, latex allergy, pollen

reported by Amlot, they reported 262 pollinosis pa-
DEFINITION tients who developed symptoms localized to the oral
Oral allergy syndrome (OAS) is a condition charac- mucosa caused by the ingestion of fruits and vegeta-
terized by IgE-mediated immediate allergic symp- bles as cases of “OAS”, making the term OAS interna-
toms restricted to the oral mucosa, which may in- tional.
volve itching, stinging pain, and vascular edema of OAS has become widely known with a new defini-
the lips, tongue, palate, and pharynx with a sudden tion, i.e., localized oral symptoms due to a labile aller-
onset, occasionally accompanied by itching of the ear gen observed after patients with pollinosis have eaten
and feeling of tightness of the throat. Usually, these a fruit or vegetable. This historical background led to
symptoms gradually resolve. A typical example of confusion among researchers concerning the defini-
OAS is oral mucosal symptoms that appear when a tion. In 1994, Liccardi et al.3 reported oral symptoms
patient with birch pollen allergy has eaten a food of without generalized symptoms caused by the inges-
the family Rosaceae (apple, cherry, peach, etc.). tion of eggs or egg-containing foods in a patient with
no pollinosis as OAS. In response to this, Kelso4
HISTORICAL CONFUSION stated that the condition might have been usual egg
There used to be controversy over the definition of allergy rather than OAS, because the patient had a
OAS. In 1987, Almot et all first reported allergic history of egg-induced hypotension. Liccardi et al. re-
symptoms induced by eating a food yielding a posi- sponded that the hypotension record was inappropri-
tive skin test that are primarily oral mucosal symp- ate as it was based on the selfjudgment of the pa-
toms which occasionally spread to the entire body as tient, and argued that no generalized symptom was
OAS. They did not mention whether the patients had observed on any of the confirmation challenge test
pollinosis, and the causative foods included shellfish, using egg.
fish, and eggs. At that time, the term OAS did not at- To avoid such confusion related to the term QAS,
tract much attention, but a report by Ortolani ef el.2 in food allergy due to a cross-reaction between pollen
1988 directed attention toward it. Since the symptoms antigen and fruit or vegetable antigen has been called
observed after patients with birch pollinosis ate fruits the more specific term “pollen-food allergy syndrome
and vegetables were in agreement with those of OAS (PFS)56”,
"Department of Pediatrics, Fujita Health University and 2Depart- Aichi 470-1192, Japan.
ment of Pediatrics, Fujita Health University, The Second Teaching Email: ykondo @fujita—hu.ac.jp
Hospital, Aichi, Japan. Received 28 June 2009.
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Table 1 Characteristics of class 1 and 2 food allergy

Class 1

Class 2

Sensitization to allergens Gastrointestinal tract

Respiratory exposure

Age of peak prevalence Early childhood

After school age

Symptoms

Rapid onset of gastrointestinal responses
(nausea, abdominal pain, cramp, vomiting,
diarrhea); other target organ responses
(e.g., skin, respiratory tract) often invoived

Mild pruritus, tingling, and/or angioedema of
the lips, palate, tongue or oropharynx; occa-
sional sensation of tightness in the throat and
rarely systemic symptoms

Typical foods

Egg, milk, wheat, peanut, fish

Fruit, vegetable

Stable or labile in pres- Stable

ence of heat, acid, and

Labile

proteases

Diagnosis Clinical history and positive SPT responses Clinical history and positive SPT responses
or CAP-RAST results (prick-plus-prick method)
Oral challenge-positive on double-blinded Oral challenge-positive with fresh food, nega-
food-challenge test tive with cooked food

Treatment Elimination diet Elimination diet

Foods may become edible by heating

Immunotherapy to treat the pollen-induced
rhinitis may improve PFS

Table 2 Major fruits and vegetables reported to show cross-reactivity with pollen

Pollen

Food

Birch

Rosaceae (apple, pear, sweet cherry, peach, plum, apricot, almond), Apiaceae (celery, carrot), Solana-

ceae (potato), Actinidiaceae (kiwifruit), Betulaceae (hazelnut), Anacardiaceae (mango), Chili pepper, etc.

Japanese cedar Solanaceae (tomato)

Cucurbitaceae (melon, watermelon), Solanaceae (tomato, potato), Actinidiaceae (kiwifruit), Rutaceae (or-

Mugwort Apiaceae (celery, carrot), Anacardiaceae (mango), spice, etc.
Grass
ange), Fabaceae (peanut), etc.
Ragweed Cucurbitaceae (melon, watermelon, cantaloupe, zucchini, cucumber), Musaceae (banana), etc.
Plane

Betulaceae (hazelnut), Rosaceae (apple), lettuce, corn, Fabaceae (peanut, chickpea)

CHARACTERISTICS OF OAS: CLASS 1 AND
CLASS 2 ALLERGY

Food allergens that induce OAS rapidly dissolve in
the oral cavity and are readily broken down by diges-
tive enzymes such as those in gastric juice. Since
these food allergens differed in properties from
known food allergens that are resistant to digestive
enzymes and induce sensitization via the intestine, al-
lergy to proteins in fruits and vegetables cross-
reactive with pollen antigen in individuals sensitized
by the antigen via the airway began to termed class 2
food allergy? to distinguish it from food allergy
caused by conventional intestinal sensitization (class
1 food allergy) (Table 1, 2).

DISEASES EXHIBITING OAS

PFS mentioned above is a typical disease that exhib-
its OAS. In addition to PFS, latex-fruit syndrome
(LFS; allergy to fresh fruits or vegetables after sensi-
tization with latex-inhalation antigen in latex powder)
has been reported as disease exhibiting OAS. Clini-
cally, also, some patients yielding a positive skin test
complain of oral discomfort immediately after the in-
gestion of egg on the oral challenge test but show no
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spread of allergic symptoms to the entire body if they
continue eating it.

PFS IS NOT EQUAL TO OAS

While the majority of symptoms of PES are indeed
mild, such as the QAS, caution is necessary, because
systemic and severe reactions may be observed by
some pollen-related food allergens (Apig 1, Gly m 4).
The antigens that cause PFS have been extensively
studied, particularly in Western countries, and they
will be discussed in the next section.

ANTIGENS CAUSING OAS

In Europe, more than 70% of patients with birch polli-
nosis are allergic to pollen-related food allergens
such as the apple, cherry, and hazelnut. Major aller-
gens responsible for these symptoms belong to a
group exhibiting high-level homology with Betv 1, a
major antigen of birch pollen (Table 3). The next
most frequent is the food allergen showing a high-
level homology with Bet v 2 (profilin), another birch
polien antigen. Bet v 5 and 6 are also reportedly in-
volved in cross-reactivity, but most cross-reactivity is
related to Bet v 1, and the involvement of other anti-
gens is negligible.8
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Table 3 Major pollen/latex and class 2 food allergens

Pollen/latex allergens

Class 2 food allergens

Bet v 1 homolog's (Group belonging PR-10)

Alng1 Betv 1 Apig 1 Arah8 Corai Dauc 1
(alder) (birch) (celery) (peanut) (hazel) (carrot)
Carb 1 Cass 1 Fraa1 Glym4 Maid 1 Pruar 1
(hornbeam) (chestnut) (strawberry) (soybean) (apple) (apricot)
Corai Queal Pruav 1 Pyrc1 Sol t 1 Vigr 1
(hazelnut) (white oak) (sweet cherry) (pear) (potato) (mung bean)
Profilin
Artv 4 Betv 2 Anac 1 Arahb Apig4 Capa?2
(mugwort) (birch) (pineapple) (peanut) (celery) (bell pepper)
Cynd 12 Hela 2 Cits 2 Cora2 Cucm2 Dauc 4
(Bermuda grass) (sunflower) (sweet orange) (hazel) (muskmelon) (carrot)
Olee 2 Phlp 12 Glym3 Litc 1 Lyce 1 Mald 4
(olive) (timothy) (soybean) (lychee) (tomato) (apple)
Hevb 8 Mus xp 1 Pru av 4 Prup4 Pyrc4
(latex) (banana) (sweet cherry) (peach) (pear)

Data from hitp:/fermi.utmb.edu/SDAP/.

Betv1 GROUP
Bet v 1 (PR-10) is one of the pathogenesisrelated
(PR) proteins, which increase in plants when they are
exposed to stress. Many foods have been reported to
contain this protein, and the cross-reactivity is consid-
ered to be derived from the high-level homology of
amino acid sequences in this group. The IgE-binding
activities of these allergens are readily lost through
heat or enzyme treatment. Also, the p-loop (AA41-52)
region has been reported to be particularly important
in the IgE epitope of Bet v 1.9

‘While many of the symptoms caused by antigens of
PR proteins are those of OAS, antigens of celery (Api
g 1) and soybean (Gly m 4), which belong to the
same group as Bet v 1, have been reported to induce
marked systemic symptoms.

Apig1

C(glegy allergy is common in Europe (Primarily Swit-
zerland, France, and Germany). In Switzerland, it is
reported to be a major cause of food-induced anaphy-
laxis, 10 and about half of the patients have been re-
ported to show systemic allergic reaction.11.12 Its al-
lergenicity is not changed markedly by heating. Pol-
len of birch and mugwort is known to be cross-
reactive to celery, and is considered to be a sensitiz-
ing antigen.13 While celery allergens include Api g 4
and Api g 5, the major allergen is Api g 1, which be-
longs to the above-mentioned PR-10. However, the
reason why Api g 1 is stable against heating unlike
other allergens belong to the same group as Bet v 1
has not been sufficiently clarified. Wangorsch et al.14
reported that Api g 1 has 2 isoforms, that Api g 1.01
shows a stronger IgE-binding capacity than Api g
1.02, and that this difference is derived from the fact
that the binding site of Api g 1.01 in the above p-loop
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region is Lys44 while that of Api g 1.02 or Betv 1 is
Glu45, and suggested the importance of this region.

Glym4

In 2002, Kleine-Tabbe et al.15 reported that 20 pa-
tients with birch pollinosis developed allergic symp-
toms including serious ones after the initial ingestion
of soybean protein food. Notable symptoms included
swelling of the face (17 patients), OAS (14), dyspnea
(6), urticaria (6), and drowsiness (5). They also re-
ported that soybean starvation-associated message 22
(SAM22: Gly m 4), which belongs to PR-10, showed
an IgE-binding capacity in 85% (17/20) of the pa-
tients. A follow-up study by Mittag et al.16 confirmed
that Gly m 4-specific IgE was positive in 21 of 22
birch pollinosis patients who developed soybean al-
lergy, and that it inhibited the binding of IgE to soy-
bean protein by 60% or more in 9 of 11 patients, indi-
cating that Gly m 4 was the major allergen. More-
over, as the binding of IgE to soybean protein was in-
hibited by 80% or more by the addition of birch pollen
protein in 9 of the 11 patients, they suggested that
birch pollen is primarily responsible for the common
antigenicity of the two. According to their report, Gly
m 4 was not detected in fermentation products such
as miso and soy sauce or roasted soybean, but its
content was 9 ppm in tofu, 11 ppm in soy flakes, 70
ppm in a dietary powder among soybean-containing
food despite its variation with the total soybean con-
tent. They also reported that Gly m 4 concentration
was markedly affected by the cooking method and
that it was reduced by 30-minutes and not detected af-
ter 4-hour heating. Three patients with alder/birch
pollinosis who developed OAS (1 case) or anaphy-
laxis (2 cases) after the intake of soymilk have been
reported, and an involvement of Gly m 4 is sus-
pected!? in Japan, too.
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Table 4 Lipid transfer protein (LTP); major allergens belonging to PR-14

Inhaled allergens

Food allergens

Tree Weed Fruits/vegetables Beans/nuts/seeds
Cass8 Artv3 Aspa o 1 Brao3 Cora8
(chestnut) (mugwort) (asparagus) (cabbage) (hazeinut)
Plaa3 Parj1 Cit13 Cits 3 Jugr3
(plane tree) (pellitory) (lemon) (sweet orange) (English walnut)
Parj2 Fraa3 Lacs 1
(pellitory) (strawberry) (lettuce)
Paro 1 Lyce 3 Mald 3
(pellitory) (tomato) (appie)
Pruar3 Pruav 3
(apricot) (sweet cherry)
Heb b 12 Prud3 Prup3
(latex) (European plum}) (peach)
Vitv 1 Zeam 14
(grape) (maize, cormn)

Data from http:/fermi.utmb.edu/SDAP/.

PROFILIN GROUP
Profilin is considered to be an allergen involved in a
wide range of cross-reactivities among plants, and pa-
tients sensitized with it react with a variety of plants
and foods. For example, it is considered responsible
for the crossreactions between birch/mugwort
pollen-celery-spices, grass pollen-celery-carrots, and
tree pollen-hazelnut. The cross-reactivity of IgE is
considered to be due to a structural similarity rather
than similarity at the amino acid sequence level.18
There major IgE epitope have been identified in birch
profilin.19

Asero et al. performed skin tests in 200 pollinosis
patients using purified palm profilin (Pho d 2) and ob-
served positive reaction in one-third of the patients.
They were also positive for pollen from a wide range
of plants, more than half of them exhibited OAS with
symptoms of fruit allergy, and no symptom was in-
duced by cooked or processed foods.20

CROSS-REACTIVE CARBOHYDRATE DE-
TERMINANTS (CCD)

Carbohydrates that act as crossreacting antigens
among various plants or invertebrates are collectivity
called crossreactive carbohydrate determinants
(CCD).

Carbohydrates with an IgE-binding capacity have
also been reported in plant proteins with no aller-
genicity. They are, for example, bromelain of pineap-
ple, horseradish peroxidase (HRP), polyamine oxi-
dase of corn, ascorbic acid oxidase of Cucurbita pepo,
and phytohemagglutinin of haricot bean. Many CCDs
are monovalent and do not form bridges of IgEs on
the mast cells, and so they are generally considered
not to induce histamine release. However, it has been
revealed that about half of individuals positive for Ole
e 1, a major antigen of Olive pollen, show IgE anti-
bodies to this carbohydrate, and that this carbohy-
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drate induces histamine release in them.2!

Recently, van Ree et al.2? reported that al,3-fucose
and B1,2xylose, which are N-linked glycans, have
IgE-binding capacities. Individuals are considered to
be sensitized when exposed to pollen and thereafter
develop cross-reaction to foods. However, only lim-
ited individuals with IgE antibodies to CCDs actually
develop clinical symptoms, and whether they develop
symptoms is speculated to depend on the difference
in the glycan number or affinity of IgE antibodies.?3

LIPID-TRANSFER PROTEINS (LTP) GROUP

Antigens belonging to the LTP family have been re-
ported to exist in a wide variety of fruits, vegetables,
and pollen (Table 4).

LTP, belonging to PR-14, exhibit an antigenicity re-
sistant to heating or digestive enzymes and cause
fruit allergy even without pollinosis, and the symp-
toms are not only OAS but also involve severe sys-
temic symptoms at a relatively frequent rate. There-
fore, they are presently considered to be non-pollen-
related allergens (class 1 food allergens) that act by
intestinal sensitization.2¢ However, there are data that
suggest that LTP is responsible for food allergy asso-
ciated with pollinosis (class 2 food allergy) in some
patients.

Mugwort is known to be a major cause of pollinosis
in Mediterranean coastal areas, and Art v 3 is a mug-
wort pollen antigen belonging to the LTP group. Ac-
cording to a report on cross-reaction between Art v 3
and LTP from peach or apple,25 whether the cross-
reaction was due to sensitization primarily by pollen
or peach was unclear. To study this relationship, Pas-
torello et al.26 collected 17 patients with peach allergy
and compared 10 who had not developed pollinosis
and 7 with pollinosis. The 10 patients with no pollino-
sis reacted with mugwort pollen LTP and peach LTP,
but the 7 pollinosis reacted with proteins other than
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LTP. Next, the reactions of IgE with mugwort pollen
LTP and peach LTP were examined using pooled se-
rum from 10 patients by immunoblot inhibition. IgE
binding to the peach 9-kDa band (LTP) was totally in-
hibited by a small amount of peach LTP but only by
100 times amount of mugwort LTP, whereas a small
amount of both mugwort and peach LTP totally inhib-
ited the IgE-binding to mugwort LTP. Therefore, they
concluded that this cross-reactivity was primarily due
to sensitization by peach LTP (peach class 1 allergy).
In contrast, Lombardero et al.27 considered that the
report by Pastorello ef al. was biased based on the
fact that the patients were mostly those with peach al-
lergy, and performed reevaluation by collecting 24 pa-
tients with mugwort pollinosis. They reported that
more than 70% of the patients were positive on the
skin test to mugwort LTP. They subsequently evalu-
ated the crossreactivity of mugwort LTP with peach
LTP by ELISA inhibition, and reported that IgE bind-
ing with peach LTP was inhibited by the addition of
mugwort LTP in 3 of 6 studied patients but that IgE
binding with mugwort LTP was not inhibited by the
addition of peach LTP, suggesting that the common
antigenicity of mugwort and peach LTP was primarily
due to mugwort pollen in some patients (class 2 food
allergy).

OAS IN JAPAN

In Japan, also, there have been reports of OAS due to
foods of the family Rosaceae in patients hypersensi-
tive to birch pollen in Hokkaido and Alnus sieboldi-
ana (family Betulaceae, genus Alnus) pollen in Hyogo
Prefecture.?8.29

The frequency of OAS in patients with Japanese ce-
dar pollinosis is lower than that in those with birch
pollinosis (75%), being reported to be 7-17%.30.31 Ac-
cording to questionnaire surveys performed in Japa-
nese cedar pollinosis patients, melon and kiwifruit in-
duced allergy in many of them.

According to our oral questionnaire survey con-
cerning foods causing fruit and vegetable hypersensi-
tivity in patients with Japanese cedar pollinosis (17 re-
spondents with pollinosis and fruit allergy), melon
(12/17), kiwi (9/17), tomato (9/17), watermelon (7/
17), and pineapple (6/17) were frequently ingested.
However, in such a questionnaire survey, reactions to
materials with pharmacological actions contained in
foods may be misinterpreted by the respondents as
allergic symptoms, and food allergy unrelated to Japa-
nese cedar pollinosis may be reported; therefore, the
competitiveness for IgE antibody between cedar pol-
len and fruit or vegetable antigen must be demon-
strated.

At first, we identified the main allergens of tomato
fruit,32 then demonstrated the crossreactivity be-
tween tomato fruit and Japanese cedar pollen by
RAST inhibition, and further identified the protein re-
sponsible for the cross-reactivity by immunoblot inhi-
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bition.33 As a result of comparing the amino acid se-
quences of these proteins, we clarified the presence
of regions showing close agreement, i.e., Cry j 2 of
Japanese cedar pollen and PG2A of tomato fruit, and
reported the possible involvement of these regions in
the competitiveness for IgE. Concerning the common
antigenicity of tomato and Japanese cedar pollen,
there is a report that symptoms considered to be
OAS appeared after the oral ingestion of tomato in a
dog model of Japanese cedar pollinosis, establishing
the cross-reactivity between Japanese cedar pollen
and tomato fruit antigens.34

TREATMENT FOR OAS

In PFS due to birch pollinosis, birch pollen-specific
immunotherapy has been reported to be effective for
the treatment of OAS to related foods.35.36 Food toler-
ance and negative skin tests have also been reported
to persist for 30 months,37 and food skin tests con-
verted to positive with the reactivation of OAS symp-
toms in all patients.

Foods that cause OAS should be avoided, in princi-
ple, but pollen-associated foods are often edible when
heated. Therefore, the unnecessary elimination of
foods should be avoided through close evaluation of
the history of allergy due to cooked foods and oral
challenge test. There is also a report that symptoms
of OAS were significantly alleviated using antihista-
mines compared with a placebo.38 Antihistamines
might partially relieve symptoms of oral allergy syn-
drome.

However, some pollen-related foods such as celery
and soybean may lead to severe symptoms although
they belong to the Bet v 1 group. In LFS, the anti-
genicity of some foods is not lost by heating, and they
tend to cause severe symptoms.

Naturally, PFS may also cause generalized symp-
toms and even anaphylaxis if a large amount of anti-
gen has been ingested. Therefore, in case of emer-
gency, patients with a history of anaphylaxis should
carry a portable epinephrine injection kit, antihista-
mines, and oral steroids with a medical certificate.

Even if cooked food allergens did not elicit oral al-
lergy syndromes, they may cause T-cell-mediated
late-phase reactions (deterioration of atopic eczema)
in some birch pollen-allergic patients with atopic der-
matitis. Because thermal processing affected their
conformational structure and not the primary amino
acid sequence. Therefore, the judgment of whether
the intake of cooked foods may be permitted should
not be made on the basis of the presence or absence
of immediate hypersensitivity alone.39
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