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Egg

Egg white is the most important source of allergens in egg
and contains 23 different proteins (14). The most important
allergens that have been identified and for which the clinician
can test are ovomucoid (Gal d 1), ovalbumin (Gal d 2), ovo-
transferrin/conalbumin (Gal d 3), and lysozyme (Gal d 4)
(15).

Although ovomucoid comprises only 10% of the total egg
white protein, it has been shown to be the dominant allergen.
Ovomucoid has several unique characteristics, such as stabil-
ity to heating and breaking down by proteinases. It also
appears to be allergenic in minute quantities, and testing for
ovomucoid has proven helpful in the prognosis and diagnosis
of egg allergy.

High concentrations of ovomucoid-specific IgE are associ-
ated with persistent egg allergy (15).

When an individual allergic to egg starts to develop toler-
ance to hen’s egg, he or she first becomes tolerant to heated
egg and subsequently to raw egg, which has been described
in several case reports (16).

Differences in IgE antibodies against ovomucoid were
found in patients depending on the reactivity to raw and
cooked egg (17). Low levels of IgE antibodies against ovomu-
coid were associated with tolerance to cooked egg. Further-
more, the quantification of ovomucoid antibodies can guide
the clinician’s decision on whether to perform a challenge.
Ando et al. (17) show that a concentration of IgE antibodies
against ovomucoid higher than ¢. 11 kUA/I (positive decision
point) indicates a high risk of reacting to heated (as well as
raw) egg. At the same time, a concentration below ¢. 1 KUA/
I (negative decision point) means that there is a low risk of
reaction to heated egg, although the patient may well react to
raw egg.

Benhamou et al. (18) have found differences in egg-specific
IgE levels for patients with severe, moderate, or absent reac-
tions at challenge, highest for patients with severe reactions
and decreasing with the severity of reaction. This kind of
differences regarding levels for ovomucoid and severity in
challenge are yet to be described.

Milk

The majority of patients allergic to milk are sensitized to sev-
eral cow’s milk proteins. However, the profile of the IgE
response to these components varies greatly.

The most important allergens in milk are caseins (Bos d
8), beta-lactoglobulins (Bos d 5), and alpha-lactoglobulins
(Bos d 4), although allergies to other minor proteins such as
bovine serum albumins (Bos d 6) have also been reported
(19).

There is now growing evidence that casein seems to be a
major allergen component to test for in the treatment of a
patient with cow’s milk allergy.

Garcia-Ara and co-workers have been following children
with cow’s milk allergy. They have observed that casein is
the protein that best discriminates between persistent and
transient allergy (20). The same Spanish group has also been
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studying reactions to accidental exposure to milk in children
with cow’s milk allergy. They found that it was relatively
common and that 15% of the group had severe reactions.
The risk factors for such reactions include high levels of IgE
against cow’s milk and casein in combination with asthma.

Gern and Sampson have studied allergic reactions in
patients with cow’s milk allergy who eat so-called non-dairy
products (21). They found that casein was often the cause of
the reaction. Casein is used as an extender in sausages, soups,
and stews.

D’Urbano et al. (22) showed that in patients with a posi-
tive food challenge to milk, casein (Bos d 8) was the milk
allergen component against which they most frequently had
IgE.

Wheat

Wheat allergy is common worldwide (8, 23) and is sometimes
difficult to diagnose for the pediatric allergist. Part of the rea-
son is that a positive result to wheat flour extract may not
always correlate with clinical symptoms (24), which indicates
that in vitro diagnosis of allergy to wheat may be improved
by using wheat allergen components. There are a number of
strong candidates among the wheat components currently
undergoing clinical evaluation. They will most likely improve
the management of patients allergic to wheat.

Wheat commonly cross-reacts with grass pollen, which
causes a problem with overdiagnosis of wheat allergy. The
typical situation is that the clinician performs a skin prick
test for wheat or orders a wheat-specific IgE Ab measure-
ment for a patient allergic to grass. Owing to cross-reaction,
this test will most probably be positive. The clinician might
interpret this as an indication of wheat allergy and incor-
rectly advise the patient to avoid wheat in the diet. Improved
species-specific diagnostics for wheat are obviously needed.

To date, we can test for one major wheat component when
investigating suspected hypersensitivity reactions to wheat in
children and adults.

In children, IgE antibodies against omega-5 gliadin (Tri a
19) are associated with a risk of IgE-mediated reactions to
wheat (25, 26). It has been suggested that the level of anti-
bodies against omega-5 gliadin acts as a marker for clinical
reactivity and an aid when deciding whether to perform a
wheat challenge (26). IgE antibodies against Tri a 19 in
adults are linked to a risk of exercise-induced reactions asso-
ciated with the ingestion of wheat (27). LTP to wheat seems
also to be a clinical-relevant component when investigating
wheat hypersensitivity but is not yet available for clinical use.

Fish

Fish proteins are sometimes responsible for life-threatening
IgE-mediated allergic reactions.

Fish parvalbumins from cod (Gadus morhua) Gad ¢ 1 and
carp (Cyprinus carpio) Cyp ¢ 1 are both major fish parvalbu-
min proteins and representative markers for fish sensitization
in general (5). The different content of parvalbumin in species
like cod, whiff, or swordfish may explain tolerance to some
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species (28). The extensive cross-reactivity between parvalbu-
mins from different species means that Gad ¢ 1 and Cyp c 1
are valuable tools in diagnosing patients with fish allergy.
Both have remarkable stability, which may explain why sensi-
tization can result because of ingestion even after cooking,
via contact with and inhalation of vapor from cooking. Sen-
sitization to a fish parvalbumin suggests caution in the
administration of all fish species to reactive patients (29).

Soy

Soybean allergy in children is known to be mediated primar-
ily by contact with allergen via the gastrointestinal tract,
often in the form of soya-based milk substitute products, par-
ticularly in infants allergic to cow’s milk. The primary sensi-
tizers seem to be the most important soya proteins Gly m 5
and Gly m 6 (30, 31). Soy allergy may also be acquired fol-
lowing primary sensitization to birch pollen, owing to IgE
cross-reactivity between the most important birch pollen
allergen Bet v 1, and its homologous protein in soybean, Gly
m 4 (32). To date, pollen-mediated soy allergy has been
mainly described in adults. This type of soy allergy seems
also to be a problem among the pediatric population, and
there have recently been reported four children allergic to
birch pollen who experienced severe allergic reactions follow-
ing the ingestion of soy milk during the pollen season (33).
Gly m 4 has been shown to be a risk factor for severe
OAS or systemic reactions to soya in patients allergic to
birch pollen (32). Gly m 4 is also cross-reactive with Ara h 8,
and in Europe, approximately two-thirds of patients allergic
to soya are allergic to peanut. Targeted diagnostic testing
with Gly m 4 is recommended in pollen-sensitized patients
where allergy to soya is suspected, especially if the soya
extract test result is negative. Some patients sensitized to Gly
m 4 can show low or even negative IgE results with soya
extract because of a low Gly m 4 content in the extract (33).

Furred animals

Cross-reactions also occur between our most common
domestic animals, such as cats, dogs, and horses. This is
partly new knowledge and might explain why so many of our
patients allergic to furred animals are often sensitized to
more than one species. In the German MAS (Multicentre
Allergy Study) cohort, Matricardi and co-workers identified
56 children sensitized to cat at the age of 10. Fifty-seven per
cent of them reported having concomitant allergic sensitiza-
tion to dog. Forty-one children were sensitized to dog, and
73% were also sensitized to cat (34). Liccardi and co-workers
identified 35 adults sensitized to horse, of whom 23 were
reported to have concomitant allergic sensitization to dog
and 25 to cat (35). Baatenburg de Jong et al. have recently
shown that among a group of 776 polysensitized children,
87% were sensitized to dog and 74% were sensitized to cat
(36). These studies indicate either a strong comorbidity
between furry animal allergies or prevalent cross-reactions or
a combination of both. Challenge with animal dander is the-
oretically possible and would reveal the actual reactions to
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each dander. However, this is not a method commonly used
today because of the risk of severe reactions. These condi-
tions can be now studied through allergen component testing.

Fel d 1 is the most important allergen component in cat
(1), which indicates primary sensitization. Up to 90% of
patients allergic to cat have IgE antibodies against Fel d 1.
This allergen component can be used as a specific marker,
which indicates that immunotherapy treatment of cat is
probably of clinical value. Among individuals allergic to cat,
Grénlund and co-workers found higher levels of IgE against
Fel d 1 in children with asthma compared with children
with allergic rhinoconjunctivitis (37). This indicates that Fel
d 1 could be used as a marker for an increased risk of
lower respiratory disease among cat-sensitized individuals.
Other cat components available for testing are Fel d 2 and
Fel d 4.

IgE against cat serum albumin Fel d 2 is likely to cross-
react with most other mammalian albumins, such as dog Can
f 3. horse Ecu ¢ 3, pig Sus s PSA (pig serum albumin), and
cow Bos d 6. It can also cause reactions following the inges-
tion of pork (the cat-pork syndrome); about 15-40% of
patients allergic to cat have IgE against Fel d 2 (1).

The picture for primary sensitization to dog is more com-
plex.

To date, Can f 1, Can f 2, and Can f 5 have been found to
be specific allergen components that indicate primary sensiti-
zation; ¢. 50-90%, 20-33%, and 70% of patients allergic to
dog have IgE antibodies against Can f I, 2, and 5, respec-
tively (I). A completely new finding is the recent identifica-
tion of Can f 4 as another species-specific allergen
component for dog (38). This complexity might explain why
dog allergy can, in some cases, present clinical difficulties. It
is quite common for a patient allergic to dog to tell the clini-
cian that he/she can tolerate some dogs but reacts to contact
with others. Future research will clarify whether the composi-
tion of the dog allergen components differs between various
breeds of dog, which would explain the clinical picture.

Equ c 1, a lipocalin, is considered the major allergen in
horse dander. New data have been presented but not yet
published that Equ ¢ 1 cross-reacts with Fel d 4, which
belongs to the same protein family. This new knowledge and
insight means that we may be overdiagnosing horse allergy at
present. It may be that patients are only sensitized to cat, but
our interpretation may be that they are also allergic to horse,
and vice versa. We now have the tools to understand the
underlying mechanisms behind sensitization in more detail.
Consequently, we should be more careful in advising on
avoiding animal dander before we know the primary sensi-
tizer.

Allergen components on microarrays

The term ‘microarray or biochip’ refers to the distribution of
small amounts of biomolecules on a surface in a regular,
compact pattern. In contrast to conventional diagnosis,
microarrays allow us to investigate IgE reactivity against a
large number of different allergenic components with a single,
rapid test.
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The amount of patient serum required is far smaller than
in conventional immunoassay. In fact, as little as 20 ul is
enough to determine IgEs against hundreds of individual
allergens, while conventional tests require 50 ul for each aller-
gen tested.

This facilitates the use of the technique in pediatric
patients, because such a minute amount of serum can be
obtained from a simple blood sample.

The first experimental microarray system for allergy diag-
nosis was reported in 2000 (39). Later on, microarrays were
developed with a growing number of recombinant and puri-
fied molecules. The ISAC prototype commercialized by VBC
Genomics/Phadia was the first protein microarray applied to
the detection of sIgE (40). There are a number of studies
(41--43) validating microarray technology using homework or
commercially available technology (ImmunoCAP® ISAQC).

ISAC is an IgE antibody assay specifically designed to
help clinicians identify the presence and quantify the
amount of cross-reactive IgE antibodies among the different
food and pollen allergen groups that are known to share
extensive homology (44). The microarray generates a fluo-
rescent image, which is analyzed by special software that
calculates the IgE results semiquantitatively for each aller-
genic component. IgE concentration is measured in arbitrary
units termed ISAC Standardized Units (ISUs), and these
values are divided into four classes (negative, low, interme-
diate, and high).

Interpreting 112 allergen component test results per patient
is challenging for the clinician. Soon, microarray technology
will be combined with PC-based intelligent support for inter-
pretation. Clinical trials have been performed, and prelimin-
ary data indicate that an interpretation tool helps the
practicing allergy specialist assimilate and interpret the vast
amount of IgE antibody data from the chip-based microarray
assay. This should make the issue of food cross-reactivity
more manageable for the practicing clinician.

Could molecular allergology replace the food
challenge?

The measurement of allergen components has the potential
to reduce the number of food challenge. The reason why
food challenge not yet can be replaced is that not all allergic
sources in the various foods have yet been completely char-
acterized and evaluated. From a health economic perspec-
tive, the health service would save money and reduce the
risks if allergen components were used instead of food chal-
lenges. We therefore need a method even safer and better
than the challenges we use today. The double-blind placebo-
controlled food challenge (DBPCFC) has long been the
standard in the diagnosis of food allergy as a benchmark
test from which to judge the diagnostic characteristics of the
clinical history, skin prick test, and IgE antibody serology.
The drawback is that open challenge can give false-positive
results ranging from 20% to 71% (44). However, positive
placebo reactions that may occur during the DBPCFC can
be as high as 35%. False-negative open challenges occur in
1-3% of cases.

Borres et al.

Furthermore, the problem today is that too few patients
are offered or are prepared to undergo a challenge, owing to
scarce resources and the risk of severe reactions. Especially,
nut allergies are difficult to food challenge, and as a conse-
quence, few patients with suspected nut or peanut allergies
undergo challenges. There is therefore a great need for
improved diagnosis, in which the testing of allergen compo-
nents can be very helpful. Zijlstra and co-workers have per-
formed food challenges on this group, finding that 58% of
the individuals had unnecessarily avoided hazelnuts and 33%
peanuts (45).

D’Urbano et al. (22) have investigated children with sus-
pected cow’s milk allergy, comparing milk allergen compo-
nents with milk challenges. The results indicate that serial
testing of IgE against milk and microarray ImmunoCAP®
ISAC have a clinical performance very close to that of the
food challenge. Using this two-step approach, the clinician
would have detected that 27 of 29 children should have a
milk-free diet. Using only IgE against cow’s milk at the pedi-
atric clinic in primary health care would have eliminated the
need for a challenge in about 27% of the patients.

This sequential use of the two tests would have led to a
50% reduction in the number of challenges.

Even more remarkable is that this reduced the number of
positive challenges to five compared with the previous 17.
These data are very promising with regard to reducing risks
for children with allergies.

According to D'Urbano et al., serial use of the two tests
could be considered from the point of view of clinical appli-
cation, based on the opportunity that:

1 Pediatricians in outpatient care or general practitioners in
primary health care identify patients with a high probability
of allergy, based on case history and detection of IgE against
cow’s milk. The children with high probability of milk allergy
are referred to secondary care.

2 The referred patients are screened with the microarray to
assess whether a food challenge should be carried out in
secondary- or tertiary-level health care.

Clinical advantages of microarrays

Allergic patients with a complex symptomatology, such as
severe eczema, unstable asthma, and chronic urticaria, are
especially suitable for the investigation of 1gE reactivity using
microarrays. The number of molecular allergens gives com-
prehensive and detailed information about the patient’s sensi-
tization profile.

To illustrate the clinical advantages of microarray, we
show two pediatric cases from a birth cohort with high risk
of developing allergies, and blood samples were taken at the
ages of 6 and 18 months and at 6 and 18 yrs (46, 47). In this
study, sera from these four sampling occasions were analyzed
retrospectively with a component-resolved in vitro diagnosis
technique using the ImmunoCAP® ISAC microarray assay.

The IgE antibody assay results were compared with each
patient’s clinical history. Two cases with severe allergic and
asthmatic disease are described below to demonstrate the
value of component-resolved diagnostics.
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Figure 1 Test results from case number 1. The presence of IgE accordance with the medical history. The value of the timothy pol-
antibodies against several egg white and milk components con- len component (Phl p B) was high at 6 years of age, but relatively
firms the egg and milk allergy in early childhood. In parallel, there low at 18 years. In contrast, the birch component (Bet v 1) was
were also positive values at an early age for hazelnut (Cor a 9), pea- very high at 18 years of age, but negative at 6 years, also in accor-
Y/
nut (Ara h 1, Ara h 2, Ara h 3) and soya (Gly m 5, Gly m 6). The dance with the clinical history.
values for fish {Cyp ¢ 1 and Gad ¢ 1) peaked at 6 years of age, in
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Case 1

A boy with two allergic parents had developed severe atopic
eczema and food allergy at the early age of 2 months. Milk,
egg, and fish were diagnosed as the offending allergens and
were avoided. Soy supplement was used because of an inad-
equate supply of breast milk. He also had wheezing prob-
lems at an early age and was diagnosed with asthma at
6 months of age. Allergic rhinitis was diagnosed at the age
of 2, and he was sensitized to pollen and furred animals.
The eczema disappeared at the age of 10, and his severe
asthma became mild at 15 yrs. At 18 yrs, he had allergic
rhinitis and mild asthma and was sensitized to birch and
timothy.

Component results

The presence of IgE antibodies against several egg white and
milk components (Fig. 1) confirms the egg and milk allergies
in early childhood. In parallel, there were also positive values
at an early age for hazelnut (Cor a 9), peanut (Ara h 1, Ara
h 2, and Ara h 3), and soy (Gly m 5 and Gly m 6). The boy
subsequently experienced breathing problems when eating
nuts and peanuts. Retrospectively, he was most likely allergic
to soy because the soy supplement caused colic and the
eczema did not fully improve. The values for fish (Cyp ¢ 1
and Gad ¢ 1) peaked at 6 yrs of age, in accordance with the
medical history. The value of the timothy pollen component
(Phl p 5) was high at 6 yrs of age, but relatively low at
18 yrs. In contrast, the birch component (Bet v 1) was very
high at 18 yrs of age, but negative at 6 yrs, also in accor-
dance with the clinical history.

Case 2

A boy with severe atopic eczema and food allergy (vomiting),
which started at the age of 3 months, was studied. Egg, fish,
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and birch pollen were positive in skin prick tests and diag-
nosed as the offending allergens. In addition, OAS-like symp-
toms in response to peanut and shellfish were reported at
6 yrs of age, although these reactions were never confirmed
by a test. At 18 yrs of age, breathing problems following the
ingestion of peanuts were still occurring.

Component results

The presence of IgE antibodies against several egg, fish, and
birch pollen components confirms the diagnosed allergies.
Furthermore, IgE antibodies against peanut (Ara h 1, 2, and
3) and shellfish (tropomyosin) components are registered
before the reactions to peanut and shellfish are reported.

The allergen component results clearly show the progres-
sion of allergy for these two children. If the component
results had been available at the time of the medical examina-
tion, the patients would have been managed differently. Fur-
thermore, a better understanding of the underlying causes of
the symptoms would have been possible.

Conclusions

The use of allergen components will pave the way for a more
individual approach when we investigate and care for our
patients with suspected allergic diseases. Using molecular
allergology, we can now already better diagnose, prognose,
and grade the allergic diseases. We can also get help with
choosing a more individualized treatment and get better sup-
port regarding which individuals should be advised to avoid
specific allergens.

Conflict of interest

Magnus Borres is medical director at Phadia AB. Philippe
Eigenmann has received speakers honoraria from Phadia and
ALK.

References

1. Sastre J. Molecular diagnosis in allergy. Clin 7. Hourihane JO, Kilburn SA, Dean P, Warner  12. Lauer 1, Dueringer N, Pokoj S, et al. The
Exp Allergy 2010: 40: 1442-60. JO. Clinical characteristics of peanut allergy. non-specific lipid transfer protein, Ara h 9,

2. Lucas JM. Microarrays: molecular allergol- Clin Exp Allergy 1997: 27: 634-9. is an important allergen in peanut. Clin Exp
ogy and nanotechnology for personalised 8. Ebisawa M, Tkematsu K, Imai T, Tachimoto Allergy 2009: 39: 1427--37.
medicine (I). dllergol Immunopathol 2010: H. Food allergy in Japan. Allergy Clin 13. Vereda A, Van Hage M, Ahlstedt S, et al.
38: 153-61. Immunol Int: J World Allergy Org 2003: 15: Peanut allergy: clinical and immunologic dif-

3. Prescott S, Allen KJ. Food allergy: riding 214-7. ferences among patients from 3 different
the second wave of the allergy epidemic. Pe- 9. Nicolaou N, Poorafshar M, Murray C, et al. geographic regions. J Allergy Clin Immunol
diatr Allergy Immunol 2011: 22: 155-60. Allergy or tolerance in children sensitized to 2011: 127: 603-7.

4. Valenta R, Lidholm J, Niederberger V, et al. peanut: prevalence and differentiation using 14. Benhamou AH, Caubert JC, Eigenmann
The recombinant allergen-based concept of component-resolved diagnostics. J Allergy PA, et al. State of the art and new horizons
component-resolved diagnostics and immu- Clin Immunol 2010: 125: 191-7. in the diagnosis and management of egg
notherapy (CRD and CRIT). Clin Exp 10. Nicolaou N, Murray C, Belgrave D, et al. allergy. Allergy 2010: 65: 283-9.

Allergy 1999: 29: 896-904. Quantification of specific IgE to whole pea- 5. Bernhisel-Broadbent J, Dintzis HM, Dintzis

5. Aas K, Elsayed SM. Characterization of a nut extract and peanut components in pre- RZ, Sampson HA. Allergenicity and antige-
major allergen (cod). Effect of enzymic diction of peanut allergy. J Allergy Clin nicity of chicken egg ovomucoid (Gal d 11T)
hydrolysis on the allergenic activity. Immunol 2011: 127 684-5. compared with ovalbumin (Gal d 1) in chil-
J Allergy 1969: 44: 333-43. 11, Astier C, Morisset M, Roitel O, et al. Predic- dren with egg allergy and in mice. J Allergy

6. Valenta R, Niederberger V. Recombinant tive value of skin prick tests using recombi- Clin Immunol 1994: 93: 1047-59.
allergens for immunotherapy. Clin Immunol nant allergens for diagnosis of peanut allergy. 16. Eigenmann PA. Anaphylactic reactions to
2007: 119: 826-30. J Allergy Clin Imnumol 2006: 118: 250-6. raw eggs after negative challenges with

460 Pediatric Allergy and Immunology 22 (2011) 454-461 © 2011 John Wiley & Sons A/S

- 124 -



Borres et al.

20.

24.

26.

cooked eggs. J Allergy Clin Immunol 2000:
105: 587-8.

. Ando H, Movérare R, Kondo Y, et al.

Utility of ovomucoid-specific IgE concentra-
tions in predicting symptomatic egg allergy.
J Allergy Clin Immunol 2008: 122: 583-8.

. Benhamou AH, Zamora SA, Eigenmann

PA. Correlation between specific immuno-
globulin E levels and the severity of reac-
tions in egg allergic patients. Pediatr Allergy
Immunol 2008: 19: 173-9.

. Wal JM. Bovine milk allergenicity. 4nn

Allergy Asthma Immunol 2004: 93 (Suppl. 3):
S2-11.

Boyano-Martinez T, Garcia-Ara C, Pedrosa
M, Diaz-Pena JM, Quirce S. Accidental
allergic reactions in children allergic to cow’s
milk proteins. J Allergy Clin Immunol 2009:
123: 883--8.

. Gern JE, Yang E, Evrard HM, Sampson

HA. Allergic reactions to milk-contaminated
“nondairy” products. N Engl J Med 1991:
324: 976-9.

. D’Urbano LE, Pellegrino K, Artesani MC,

et al. Performance of a component-based
allergen-microarray in the diagnosis of cow’s
milk and hen’s egg allergy. Clin Exp Allergy
2010: 40: 1561-70.

. Palosuo K. Update on wheat hypersensitiv-

ity. Curr Opin Allergy Clin Immunol 2003: 3:
205-9.

Komata T, Soderstrém L, Borres MP,
Tachimoto H, Ebisawa M. Usefulness of
wheat and soybean specific IgE antibody
titers for the diagnosis of food allergy.
Allergol Int 2009: 58: 599-603.

. Palosuo K, Varjonen E, Kekki OM, et al.

Wheat omega-5 gliadin is a major allergen
in children with immediate allergy to
ingested wheat. J Allergy Clin Immunol
2001: 108: 634-8.

Ito K, Futamura M, Borres MP, et al.

IgE antibodies to omega-5 gliadin associate
with immediate symptoms on oral wheat
challenge in Japanese children. Allergy 2008:
63: 1536-42.

. Matsuo H, Dahlstrém J, Tanaka A, et al.

Sensitivity and specificity of recombinant
omega-5 gliadin-specific IgE measurement
for the diagnosis of wheat-dependent exer-

28.

29.

30.

31

34.

Allergen components begins a new era in pediatric allergology

cise-induced anaphylaxis. Allergy 2008: 63:
233-6.

Griesmeier U, Vazquez-Cortés S, Bublin M,
et al. Expression levels of parvalbumins
determine allergenicity of fish species.
Allergy 2010: 65: 191-8.

Fiocchi A, Nowak-Wegrzyn A. The fascinat-
ing world of molecular diagnosis in the man-
agement of food allergy: nondum matura
est. Curr Opin Allergy Clin Immunol 2011:
11: 200--3.

Holzhauser T, Wackermann O, Ballmer-
Weber BK, et al. Soybean (Glycine max)
allergy in Europe: Gly m (beta-conglycinin)
and Gly m 6 (glycinin) are potential diag-
nostic markers for severe allergic reactions
to soy. J Allergy Clin Immunol 2009: 123:
452-8.

Ito K, Sj6lander S, Movérare R, et al. IgE
to Gly m 5 and Gly m 6 is associated with
severe allergic reactions to soybean in Japa-
nese children. J Allergy Clin Immunol 2011:
May 7 [Epub ahead of print]. PMID:
21555150.

2. Mittag D, Vieths S, Vogel L, et al. Soybean

allergy in patients allergic to birch pollen:
clinical investigation and molecular charac-
terization of allergens. J Allergy Clin Immu-
nol 2004: 113: 148-54.

. Kosma P, Sjélander S, Landgren E, Borres

MP, Hedlin G. Severe reactions after intake
of soy drink in birch pollen allergic children
sensitized to Gly m 4. Acta Paediatr 2011:
100: 305-6.

Matricardi PM, Bockelbrink A, Beyer K, et
al. Primary versus secondary immunoglobu-
lin E sensitization to soy and wheat in the
Multi-Centr. Allergy Study cohort. Clin Exp
Allergy 2008: 38: 493-500.

. Liccardi G, Salzillo A, Piccolo A, Damato

G. Skin prick test to horse should be
included in the standard panel for diagnosis
of respiratory allergy. J Investig Allergol Clin
Immunol 2010: 20: 93-4.

. De Jong AB, Dikkeschei LD, Brand PLP.

Sensitization pattern to food and inhalant
allergens in childhood. A comparison of
non-sensitized, monosensitized and polysen-
sitized children. Pediatr Allergy Immunol
2011: 22: 166-71.

Pediatric Allergy and Immuniology 22 (2011) 4564-461 ® 2011 John Wiley & Sons A/S

- 125 —

37.

38.

39.

40.

41.

43.

45.

46.

47.

Grénlund H, Saarne T, Gafvelin G, Van
Hage M. The major cat allergen, Fel d 1, in
diagnosis and therapy. Int Arch Allergy
Immunol 2010: 151: 265-74.

Mattsson L, Lundgren T, Olsson P, Sund-
berg M, Lidholm J. Molecular and immuno-
logical characterization of Can f 4: a dog
dander allergen cross-reactive with a 23 kDa
odorant-binding protein in cow dander. Clin
Exp Allergy 2010: 40: 1276-87.

Wiltshire S, O’malley S, Lambert J, et al.
Detection of multiple allergen-specific 1gEs
on microarrays by immunoassay with rolling
circle amplification. Clin Chem 2000: 46:
1990--3.

Sanz ML, Blazquez AB, Garcia BE. Micro-
array of allergenic component-based diagno-
sis in food allergy. Curr Opin Allergy Clin
Immunol 2011: 11: 204-9.

Gaudin JC, Rabesona H, Choiset Y, et al.
Assessment of the immunoglobulin E-medi-
ated immune response to milk-specific pro-
teins in allergic patients using microarrays.
Clin Exp Allergy 2008: 38: 686-93.

2. Ayuso R, Sanchez-Garcia S, Lin J, et al.

Greater epitope recognition of shrimp aller-
gens by children than by adults suggests that
shrimp sensitization decreases with age. J
Allergy Clin Imnumol 2010: 125: 1286-93.
Constantin C, Quirce S, Poorafshar M, et al.
Micro-arrayed wheat seed and grass pollen
allergens for component-resolved diagnosis.
Allergy 2009: 64: 1030-7.

. Eckman J, Saini SS, Hamilton RG. Diagnos-

tic evaluation of food-related allergic diseases.
Allergy Asthma Clin Immunol 2009: 5: 2.
Zijlstra WT, Flinterman AE, Soeters L, et
al. Parental anxiety before and after food
challenges in children with suspected peanut
and hazelnut allergy. Pediatr Allergy Immu-
nol 2010: 21: 439-45.

Borres MP. Metachromatic cells and eosin-
ophils in atopic children. A prospective
study. Pediatr Allergy Immunol 1991: 2
(Suppl.): 6-24.

Irander K, Borres MP. An 18-year follow-
up of allergy development related to nasal
metachromatic cell findings during infancy.
Allergol Int 2010: 59: 193-200.

461



Original Paper

o R SR S S G s
Int Arch Allergy tmmunol 2011;155(suppl 1):96-103
DOI: 10.1159/000327490

International Archives of

Allergy...
Immunolggy

Published online: June 1, 2011

Utility of the Peripheral Blood Basophil Histamine
Release Test in the Diagnosis of Hen's Egg,
Cow’s Milk, and Wheat Allergy in Children

Sakura Sato® Hiroshi Tachimoto? Akinori Shukuya® Mika Ogata®
Takatsugu Komata® Takanori Imai® Morimitsu Tomikawa® Motohiro Ebisawa?®

2Clinical Research Center for Allergy and Rheumatology, and ®Department of Pediatrics, Sagamihara National

Hospital, Sagamihara, Japan

Key Words
Food allergy - Histamine release - Hen's egg - Cow’s milk +
Wheat

Abstract

Background: The diagnosis of food allergy (FA) is made by
oral food challenge tests (OFCs) that occasionally produce
serious symptoms in patients; therefore, whether to perform
OFCs should be carefully considered. The utility of the hista-
mine release test (HRT) in the diagnosis of childhood FA has
not been fully examined. Methods: Sixty-four subjects with
suspected hen’s egg allergy, cow’s milk allergy (CMA), and
wheat allergy (WA) were enrolled. The diagnosis of FA was
made based on the outcomes of OFCs or a convincing his-
tory of symptoms after food ingestion within 6 months be-
fore or after sample collection. HRT was performed using an
HRT Shionogi kit. The threshold of histamine release (HRT
threshold), which was defined as the minimum concentra-
tion of food antigen to induce a 10% net histamine release,
was analyzed in association with FA diagnosis. Results: Re-
ceiver operating characteristic analysis showed that the HRT
threshold was useful in the diagnosis of heated egg allergy
(HEA), raw egg allergy (REA), CMA, and WA. We were able to
determine the cutoff value for the HRT threshold in relation

to outcomes of OFCs. The cutoff value was 6 ng/ml of egg
white antigen in HEA and REA (p < 0.01), 40 ng/ml of milk
antigen in CMA (p < 0.01), and 500 ng/ml of wheat antigen
in WA (p < 0.05). The efficiency was 70.3% for HEA, 78.0% for
REA, 77.6%for CMA, and 70.7% for WA. Conclusions: We con-
clude that the HRT threshold measurement for egg white,
milk, and wheat antigen is related to outcomes of OFCs and
is useful in determining when OFCs should be performed.
Copyright © 2011 S. Karger AG, Basel

Introduction

A definitive diagnosis of food allergy (FA) is generally
made using oral food challenge tests (OFCs). Since OFCs
occasionally induce severe reactions, whether to perform
OFCs should be carefully considered. Antigen-specific
IgE levels, a useful predictor of reaction symptoms in
OFCs, have been widely used in clinical practice [1-4].
However, antigen-specific IgE is highly sensitive but less
specific, and the development of more reliable tests for FA
diagnosis is being pursued.

When a causative antigen is bound to specific IgE on
the surface of basophil cell membranes, cross-linking of
the high-affinity IgE receptor (FceRI) occurs, inducing
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the release of histamine and the production of leukotri-
enes and cytokines [5, 6]. The expression of FceRI on the
surface of basophils correlates with serum IgE levels [7].
Moreover, it has been reported that basophils primed
with IL-3 enhance histamine release in response to IgE-
dependent activation [8]. In this way, basophils are influ-
enced by biological conditions. Therefore, we hypothe-
sized that examination of the histamine release test
(HRT) is distinct from simply measuring antigen-specif-
icIgE.

Recently, basophil activation tests have been reported
to be useful in the diagnosis of IgE-dependent allergies
and have been evaluated in association with a variety of
different allergies [9-16]. More recently, Ocmant et al.
[15] reported that corresponding performances of oval-
bumin and peanut-induced basophil activation tests may
be helpful in the diagnosis of egg and peanut allergies.
Wanich et al. [17] reported that patients were able to tol-
erate heated cow’s milk have suppressed basophil expres-
sion of milk-induced CD63.

On the other hand, the development of HRT in the
1960s [18] did not lead to its widespread use outside of
research laboratories due to the large volume of blood re-
quired and the short testing window after blood sampling
[19]. In recent years, a novel HRT method has been devel-
oped that is more convenient and requires a smaller vol-
ume of blood. This HRT is commercially available for
diagnostic examinations in Japan [20].

Various reports have described the utility of HRT in
the diagnosis of FA [21-28]. Norgaard et al. [26] examined
the utility of HRT in diagnosing hen’s egg allergy and
cow’s milk allergy (CMA) in adults [28]. These reports
suggested that improving the quality of allergen prepara-
tions may allow HRT to become a valuable method in FA
diagnosis. Lau et al. [25] examined the utility of HRT in
the diagnosis of hen’s egg allergy in children and indi-
cated that HRT was not effective in predicting outcomes
of OFCs. However, in past reports, the utility of HRT in
childhood FA diagnosis was not fully examined as many
of the subjects were adults and the number of children
included in the studies was low [21-28]. The objective of
this study was to examine the utility of HRT in the diag-
nosis of FA in children.

Subjects and Methods

Subjects

Sixty-four subjects (50 males and 14 females; mean age 5.8 =
3.7 years) with suspected FA, and who had received follow-up care
at the Division of Pediatrics of Sagamihara National Hospital be-

Peripheral Blood Basophil HRT and
HEA, CMA, and WA in Children

tween July 2005 and October 2005, were recruited for this study.
The diagnosis of FA was made using the results of OFCs or a con-
vincing history of symptoms after food ingestion within 6 months
before or after sample collection. Ethics approval was obtained
through the Institutional Review Boards at Sagamihara National
Hospital. Written informed consent was given by the child or by
the child’s parents prior to enrolment.

Grouping of Subjects Based on Acquisition of Food Tolerance

Of the subjects, those who were tested for HRT and antigen-
specific IgE were grouped as follows: for egg allergy, subjects with
heated egg allergy (HEA) who reacted after ingestion of heated
eggs [HEA(+)] and those without HEA who did not develop symp-
toms after ingestion of heated eggs [HEA(-)], and subjects with
raw-egg allergy who reacted after ingestion of raw eggs [REA(+)]
and those without raw egg allergy (REA) who did not develop
symptoms after ingestion of raw eggs [REA(-)]; for CMA, subjects
with CMA [CMA(+)] who developed symptoms after drinking
milk and those without CMA [CMA(-)] who did not develop
symptoms after drinking milk; for wheat allergy (WA), subjects
with WA [WA(+)] who developed symptoms after eating wheat
and those without WA [WA(-)] who did not develop symptoms
after eating wheat.

Oral Food Challenge Tests

OFCs were performed using an open challenge or a single-
blind challenge [29]. The open challenge test was performed using
heated egg (about 30 g) for HEA, yogurt (35 g) or cow’s milk (200
ml) for CMA, and udon (made from wheat flour; 15-50 g) for WA.
The single-blind challenge test employed freeze-dried powder
(raw egg, cow’s milk, and wheat) provided by QP Co., Ltd. Insti-
tute, Tokyo, Japan [30]. The initial dose was 1/16 of the amount of
the total challenge dose, increasing gradually at 15-min intervals
for a period of 1 h, and subjects were carefully monitored for the
subsequent 24 h. '

Histamine Release Test

The HRT was performed using an HRT Shionogi kit (Shiono-
gi & Co., Ltd., Osaka, Japan) [20]. First, 2 ml of whole blood was
drawn into plastic tubes containing EDTA2Na. Blood (20 1) and
anti-leukocyte antibody- (BA312) coated magnetic beads (100 j.1)
were added to each well of a 96-well microplate and incubated for
10 min at room temperature on a plate mixer. After incubation, a
magnetic device was inserted in the 96-well microplate and the
basophil-bead complexes were captured for 4 min on the mag-
netic device at room temperature. The basophil-bead complexes
were transferred to another microplate, which was coated with
streptavidin for enzyme-linked immunosorbent assay (ELISA)
and contained 100 wl of anti-IgE; digitonin (200 pg/ml) for
total histamine; HEPES-buffered saline with human serum al-
bumin containing 2 mM CaCly, 1 mm MgCl,, and 0.1% glucose
(HACMG) for spontaneous histamine release, and/or food anti-
gen in the respective wells. The microplate was incubated at 37°C
for 60 min, with the basophil-bead complexes remaining on the
magnetic device. After incubation, the magnetic device was re-
moved and histamine content was measured by ELISA. The fol-
lowing antigens were used: anti-IgE antibody [31], egg white,
milk, and wheat (Greer Laboratories, Inc., Lenoir, N.C., USA).
The antigens were diluted in HACMG to final concentrations of
egg white at 0.5, 6, 70, 830, and 10,000 ng/ml; milk at 0.4, 4, 40,
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Fig. 1. Distribution of spontaneous histamine release (n = 64).
Plots and bars represent means * SD.

Table 1. Characteristics of subjects

Food antigen Diagnosis of Subjects,n Average  Antigen-
food allergy age, years  specific

IgE (Ua/ml)
Hen’s egg HEA(+) 38 49+34 40.0%36.7
(heated) (n=64) HEA(-) 26 7.1%£3.8%13.9+18.8%
Hen’s egg REA(+) 38 49x3.4 40.0x36.7
(raw) (n = 50) REA(-) 12 6.6%t46 79+143
Cow’s milk CMA(+) 27 4.7*34 23.8%32.9
(n=49) CMA(-) 22 8.2%3.9% 4.6%10.0%
Wheat WA(+) 12 3.6%3.0 16.9%26.0
(n=41) WA(-) 29 71+41% 73+14.0

The diagnosis of food allergy was made based on the results of
food challenge tests and a convincing history of food allergies
within the past 6 months [HEA(+), REA(+), CMA(+), and WA(+)].
HEA(-), REA(-), CMA(-), and WA(-) denote no symptoms af-
ter ingesting a causative food. Mann-Whitney U test, * p < 0.05;
**p<0.0L

400, and 4,000 ng/ml; anti-IgE antibody, and wheat at 0.5, 5, 50,
500, and 5,000 ng/ml. Antigen-induced histamine release was
measured in duplicate and total histamine content and spontane-
ous histamine release were measured using 10 wells. HRT was
performed in duplicate on the sampling day. Spontaneous hista-
mine release was expressed as means * standard deviation (SD).

98 Int Arch Allergy Immunol
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Antigen- (anti-IgE antibody, egg white, milk, and wheat) induced
histamine release was calculated as: (antigen-induced histamine
release - spontaneous histamine release)/total histamine content
X 100 [24]. The maximum of percent histamine release (Max. of
%HR) is defined as the peak value of antigen-induced histamine
release [22] and the threshold of HRT (HRT threshold) was deter-
mined as the minimum concentration required to induce a 10%
net histamine release.

Antigen-Specific IgE Antibody

Serum was obtained from all subjects on the HRT sampling
day. Antigen-specific IgE antibodies to egg white, milk, and wheat
were measured using ImmunoCAP (Phadia AB, Uppsala, Swe-
den). The assay’s detection limit was 0.35 kUa/l. We divided the
subjects into 2 group according to a cutoff value which was 95%
of a positive predictive value of antigen specific IgE levels report-
ed by Komata et al. [1] and Sampson [2].

Statistical Analysis

Results are expressed as means = SD or means * standard
error (SEM). Comparisons between groups were performed using
the Mann-Whitney U test and the x? test. p <0.05 was considered
statistically significant. ROC curve analyses were performed to
analyze antigen-specific IgE, Max. of %HR, and the HRT thresh-
old. The cutoff value for the HRT threshold was based on the low-
est statistically significant food antigen concentration, and sensi-
tivity, specificity, and efficiency were calculated using the cutoff
values. These data were calculated using Graph Pad Prism (ver-
sion 5; GraphPad Software, Inc., Calif., USA).

Results

Characteristics of the subjects are summarized in ta-
ble 1. Thirty-six of the subjects (6.3%) presented with
bronchial asthma and 51 (79.7%) with atopic dermatitis.
There were 64 subjects with HEA [HEA(+) vs. HEA(-); 38
vs. 26], 50 with REA [REA(+) vs. REA(-); 38 vs. 12], 49
with CMA [CMA(+) vs. CMA(-); 27 vs. 22], and 41 with
WA [WA(+) vs. WA(-); 12 vs. 29]. The number of subjects
who had received OFCs was as follows: 37 for HEA, 25 for
REA, 15 for CMA, and 9 for WA. The mean age of the
subjects was significantly higher in HEA(-), REA(-),
CMA(-), and WA(-) groups than in the respective (+)
groups. The mean antigen-specific IgE level was signifi-
cantly higher in HEA(+), REA(+), and CMA(+) groups
than in the respective (-) groups; no significant differ-
ences were observed in WA.

Six of the 64 subjects showed elevated spontaneous
histamine releases greater than 40%. The other 58 sub-
jects showed relatively low spontaneous histamine releas-
es, with a mean percent spontaneous histamine release of
9.6 £ 7.4% (fig. 1). The mean percent anti-IgE induced
histamine release was 73.2 * 18.8%. There was no subject
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whose anti-IgE induced histamine release was less than
10%.

The results of ROC analysis for the HRT threshold,
Max. of %HR, and antigen-specific IgE levels are shown
in figure 2. By ROC analysis, the area under the curve
(AUC) of milk was found to be highest with 0.827 for the
HRT threshold and 0.838 for Max. of %HR, respectively.
The AUCs of the HRT threshold in HEA, REA, and WA
were higher than that of Max. of %HR, though that of the
HRT threshold in CMA was similar to that of Max. of
%HR. The AUCs of antigen-specific IgE levels (0.74,
0.827, and 0.836) were higher than that of HRT threshold
in the subjects with HEA, REA, and CMA, respectively.

The correlation between the HRT threshold and anti-
gen-specific IgE levels is shown in figure 3a~d. The cutoff
value for the HRT threshold was 6 ng/ml of egg white an-
tigen in HEA (p < 0.01); the sensitivity, specificity, and
efficiency were 81.6, 53.8, and 70.3%, respectively. Simi-
larly, the cutoff value for the HRT threshold was 6 ng/ml

Peripheral Blood Basophil HRT and
HEA, CMA, and WA in Children

of egg white antigen in REA, 40 ng/ml of milk antigen in
CMA (p < 0.01), and 500 ng/ml of wheat antigen in WA
(p <0.05). The sensitivity was 81.6, 74.0, and 66.7%; spec-
ificity was 66.7, 81.8, and 72.4%, and efficiency was 78.0,
77.6, and 70.7%, respectively.

As shown in table 2a-d, in the subjects with HEA, al-
though levels lower than 25.5 Ua/ml for egg white-specif-
ic IgE were detected in 20/38 HEA(+) subjects, 14 (70%)
of these subjects had an HRT threshold of less than 6 ng/
ml of egg white antigen. On the other hand, in the sub-
jects with HEA(-), levels lower than the cutoff value for
antigen-specific IgE were detected in 21 subjects; 8 (38%)
of these subjects had an HRT threshold of less than 6 ng/
ml of egg white antigen. Similarly, in REA(+) and CMA(+)
subjects the ratio of subjects who were below the cutoff
value for the HRT threshold was significantly high.

Int Arch Allergy Immunol
2011;155(suppl 1):96-103

99

- 129 -



& HEA(+) & REA(+)
O HEA(~) O REA(-)
100 - @ - 100 § ¢ =
= ?Q} ¢ B % ‘Og 2
£ ¢ 2= 0 * ] * = ®
s - 3 go-
= [T} ]
w10 e = ® 2107 o ¢ g o *
& Om = o Om O
3 O o = g ¢ = O
& m 60 & @
g 1 B ¢ 0 g 14 B ¢ O
< ] < m
: " 2 =
o ] o &
- u @ efh . ] & QC%
0.1 T T : i T T T 01 T T H 1 T T T
01 052 6 70 830 10,000 HRT(-) 01 05 2 6 70 830 10,000 HRT(-)
a HRT threshold (ng/ml) b HRT threshold (ng/mi)
¢ WA(+)
¢ CMA(+)
0 CMA() O WAR)
100 - ry -] S 1004 ¢ -
~ §O : _ 0 0O . w
£ 0 2 B £ ¢ @ "
2 . ep ® =} 0 B 0
Bl & 4 O 0 07 % ¢ g0w O,
Iy u ¢ < ¢ LIO) ()
ks ¢ ¢ - ’O 0 & m ¢
@ ¢ W 'S S 0 0
il m ¢ 3 & :
= 14 0O L] & .
z = 3 0 = O &
w - Ee ]
g n s -
§ = = 0 B
0.1 T T T T 1 0.1 T T T T T T
01 04 4 40 400 4,000  HRT() 0.1 05 5 50 500 5000 HRT(-)
< HRT threshold (ng/ml) d HRT threshold (ng/ml)

Fig. 3. Correlation between antigen-specific IgE and the HRT
threshold. The diagnosis of FA was made using the results of an
FCT and a convincing history of food allergies within the past 6
months [HEA(+), REA(+), CMA(+), and WA(+)]. HEA(~), REA(-),
CMA(-), and WA(-) denote no symptoms after ingesting a caus-

Discussion

We examined the utility of HRT in the diagnosis of
hen’s egg allergy, CMA, and WA in children. The results
of our study suggest that the HRT threshold for egg white,
milk, and wheat antigen is related to the outcome of OFC
after ingestion of a causative food and is useful in deter-
mining when OFC should be performed.

100 Int Arch Allergy Immunol

2011;155(suppl 1):96-103

ative food. The threshold of HRT was determined as the mini-
mum concentration of antigen to induce a 10% net histamine re-
lease. HRT(-) means that the net percent histamine release by the
maximum concentration of antigen is less than 10%. a HEA (n =
64). b REA (n=50). ¢ CMA (n = 49). d WA (n = 41).

Six of 64 subjects (9.4%) showed high spontaneous his-
tamine releases of 40% or more. Sampson et al. [32] re-
ported that FA patients with atopic dermatitis who had
eliminated the offending food allergen from their diet
had a significantly lower rate of histamine release. It was
suggested that mononuclear cells were being continuous-
ly stimulated by the offending food antigen, producing a
histamine-releasing factor that results in basophil hista-
mine release. As a result, basophils from these patients
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were found to have high rates of spontaneous histamine
release. In this study, 5 of 6 subjects with high spontane-
ous histamine release had concomitant atopic dermatitis.
However, their atopic dermatitis was well controlled at
the time of HRT measurement. All 6 subjects eliminated
the offending food. Our cases did not agree with these
reports and we plan to pursue this discrepancy further in
future studies.

To evaluate the diagnostic utility of HRT in the diag-
nosis of HEA, REA, CMA, and WA, ROC analysis for
each test was performed. In subjects with HEA, REA, and
WA, the AUC of the HRT threshold was higher than that
of Max. of %HR. Kleine-Tebbe et al. [24] also reported
that birch pollen-allergic patients with oral allergy syn-
drome had lower thresholds of birch pollen-induced his-
tamine release than did patients without oral allergy syn-
drome. From these results, it was thought that the HRT
threshold was more useful than the Max. of %HR for the
outcome prediction of OFCs.

Lau et al. [25] examined the utility of HRT in the di-
agnosis of HEA in patients 3.5 months to 12 years of age.
They reported that HRT was not an effective predictor of
the outcome of OFCs in childhood egg allergy because
the sensitivity of HRT was 64.7%, the specificity was
40.0%, and the efficiency was 55.6%. However, the results
of our study showed that the HRT threshold for egg white
in subjects with HEA was 81.6% for sensitivity, 53.8% for
specificity, and 70.3% for efficiency and that of REA was
81.6% for sensitivity, 66.7% for specificity, and 78.0% for
efficiency. The efficiency of our data was higher than that
in the report of Lau et al. [25]. It has been reported that
differences in HRT sensitivity may be due to several fac-
tors, such as the quality of allergen extracts [28]. Lau et
al. [25] employed a different basophil-stimulating anti-
gen, i.e. ovalbumin, while we used raw egg white antigen.
Furthermore, they decided that a percentage of histamine
release of 30% or more was the HRT cutoff value. The re-
sults of our study suggest that the HRT threshold is more
effective than the Max. of %HR for predicting the out-
come of OFCs. These might be the reasons that the results
of Lau et al. [25] differed from ours.

Ithas been reported that the antigen-specific IgE levels
could predict the results of OFC after ingesting a caus-
ative food; cutoff values were set to a positive predictive
value of 95% or greater [1, 2, 33]. In the patients with HEA
and REA, the AUCs of antigen-specific IgE levels were
higher than that of the HRT threshold. However, about
50% of subjects appeared to have symptoms caused by
ingesting a causative antigen when antigen-specific IgE
levels were below the cutoff value.

Peripheral Blood Basophil HRT and
HEA, CMA, and WA in Children

Table 2. Diagnosis of FA and its relationship to egg-, milk-, and
wheat-specific IgE and the HRT threshold

a Heated egg

HEA(+) >IgE <IgE Total
HRT threshold, ng/ml <6 17 (94%) 14 (70%) 31 (82%)
>6 1(6%) 6 (30%) 7 (28%)
Total 18 20 38
HEA(-) >IgE <IgE Total
HRT threshold, ng/ml <6  4(80%) 8 (38%) 12 (46%)
>6 1 (10%) 13 (62%) 14 (54%)
Total 5 21 26
b Raw egg
REA(+) >IgE <IgE Total
HRT threshold, ng/ml =6 17 (94%) 14 (70%) 31 (82%)
>6 1 (6%) 6(30%) 7 (28%)
Total 18 20 38
REA(-) >IgE <IgE Total
HRT threshold, ng/ml <6  1(100%) 3(27%) 4 (33%)
>6 0 8(73%) 8 (67%)
Total 1 11 12
¢ Cow’s milk
CMA(+) >IgE <IgE Total
HRT threshold, ng/ml <40 4(80%) 16 (73%) 20 (74%)
>40 1 (10%) 6(27%) 7 (26%)
Total 5 22 27
CMA(-) >IgE <IgE Total
HRT threshold, ng/ml <40 0 4 (18%) 4 (18%)
>40 0 18 (82%) 18 (82%)
Total 0 22 22
d  Wheat
WA(+) >IgE <IgE Total
HRT threshold, ng/ml <500 3(100%) 5 (44%) 8 (67%)
>500 0 4 (56%) 4 (33%)
Total 3 9 12
WA(-) >IgE <IgE Total
HRT threshold, ng/ml =500  2(100%) 6 (22%) 8 (28%)
>500 0 21(78%) 21 (72%)
Total 2 27 29

The cutoff value was decided based on previous reports. >IgE = Great-
er than the cutoff value of antigen-specific IgE levels; <IgE = lower than the
cutoff value of antigen-specific IgE levels.

Int Arch Allergy Immunol 101
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On the other hand, as shown in figure 3a-d, the HRT
threshold differed in each case and was widely distrib-
uted, from low to high concentrations, in the subjects in
which antigen-specific IgE levels were similar. When the
HRT threshold was below the cutoff value, the ratio of
subjects [HEA (+), REA (+), and CMA (+)] was signifi-
cantly greater even if antigen-specific IgE levels were be-
low the cutoff value.

In conclusion, the HRT thresholds for egg white, milk,
and wheat antigen are related to the outcome of OFCs af-
ter ingesting a causative food and are useful in determin-
ing when OFCs should be performed, even if antigen-
specific IgE levels are lower than the cutoff value. There-
fore, measuring egg white-, milk-, and wheat-induced
HRT could decrease the number of necessary OFCs and
be useful in determining when OFCs should be per-
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ABSTRACT

Food allergy is defined as “a phenomenon in which adverse reactions (symptoms in skin, mucosal, digestive,
respiratory systems, and anaphylactic reactions) are caused in living body through immunological mechanisms
after intake of causative food.”

Various symptoms of food allergy occur in many organs. Food allergy falls into four general clinical types; 1)
neonatal and infantile gastrointestinal allergy, 2) infantile atopic dermatitis associated with food allergy, 3) im-
mediate symptoms (urticaria, anaphylaxis, etc.), and 4) food-dependent exercise-induced anaphylaxis and oral
allergy syndrome (i.e., specific forms of immediate-type food allergy).

Therapy for food allergy includes treatments of and prophylactic measures against hypersensitivity like ana-
phylaxis. A fundamental prophylactic measure is the elimination diet. However, elimination diets should be con-
ducted only if they are inevitable because they places a burden on patients. For this purpose, it is highly impor-
tant that causative foods are accurately identified. Many means to determine the causative foods are available,
including history taking, skin prick test, antigen specific IgE antibodies in blood, basophil histamine release test,
elimination diet test, oral food challenge test, etc. Of these, the oral food challenge test is the most reliable.
However, it should be conducted under the supervision of experienced physicians because it may cause ad-

verse reactions such as anaphylaxis.

KEY WORDS

elimination diet, food allergy, IgE-mediated type, non-lgE-mediated type, oral food challenge test

1. DEFINITION OF FOOD ALLERGY

The Japanese Pediatric Guideline for Food Allergy
2005,1.2 published in 2005, defines food allergy as “a
phenomenon in which adverse reactions (symptoms
in skin, mucosal, digestive, respiratory systems, and
anaphylactic reactions) are caused in living body
through immunological mechanisms after intake of
causative food.”

2. EPIDEMIOLOGY OF FOOD ALLERGY

2.1. PREVALENCE OF IMMEDIATE-TYPE FOOD
ALLERGY

Food allergy is common among infants aged 0-1
years and decreases with aging, which indicates that
tolerance develops with aging. The estimated preva-
lence in Japan is 5-10% among infants and 1-2% among

schoolchildren. The prevalence of food allergy, re-
ported from various countries, is shown in Table 1.

2.2. CAUSATIVE FOODS

Eggs, dairy products, wheat, buckwheat, shrimp and
peanuts are the common causative foods of imme-
diate-type food allergy, indicated by the national sur-
veys of food allergy during 1998-1999, conducted by
the Review Committee on the Countermeasure for
the Food Allergy of the Ministry of Health and Wel-
fare (Fig. 1). As shown in Figure 2, patients aged less
than 1 year of age account for 29.3%, and those aged
=8 years account for 80.1%. The number of patients
decreases with aging. Patients aged =20 years ac-
count for 9.2%. This is not a small number. Eggs,
dairy products and wheat are 3 major allergens
among those aged <6 years, while shrimp, fish, and
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Table 1 Prevalence of food allergy reported from various countries
. Number of . . Preva-
Year Reporter  Country Subject subjects Methods Diagnosis lence Journal
1994 Young E UK All ages 7,500 Interview + Food 1.4-1.8% Lancet
households DBPCFC intolerance
1994 Jansenn JJ  Nether- Adults 1,483 Questionnaire + Food allergy, 0.8-2.4% J Allergy Clin
lands persons DBPCFC food intolerance Immunol
1999 Kristjansson | Sweden, Children (aged 652 persons  Questionnaire + Food allergy 2.00% Scand J Prim
Iceland 18 months) DBPCFC Health Care
2001 Kanny G France All ages 33,110 Questionnaire Food allergy 3.52% J Allergy Clin
persons (two-step survey)
2004 Zuberbier T Germany All ages 4,093 Questionnaire + Food allergy 3.60% Allergy
persons DBPCFC
2005 Imai Japan School children 8,035,306 Questionnaire Food allergy 1.30% J Jpn Pediatr
persons i Soc
2005 Rance F France School children 2,716 Questionnaire Food allergy 4.70%  Clin Exp Allergy
persons
2005 Pereira B UK School children 757 persons  Questionnaire + Food allergy 2.30%  J Allergy Clin
(aged 11 years) Open challenge test Immunol
School children 775 persons  Questionnaire + Food allergy 2.30%
(aged 15 years) DBPCFC
2005 Osterballe M Denmark 3vyearsold 486 persons Questionnaire + Food allergy 2.30% Pediatric Allergy
Food challenge test Immunol
Aged =3 years 301 persons  Questionnaire + Food allergy 1.00%
Food challenge test
Adults 936 persons  Questionnaire + Food allergy 3.20%
Food challenge test
2005 Penard- France School children 6,672 Questionnaire Food allergy 2.10% Allergy
Morand C (aged 9-11 persons
years)
2006 Venter C UK 1-year-old 969 persons  Questionnaire + Food allergy 5.50% J Allergy Clin
children Open challenge test Immunol
Questionnaire + Food allergy 2.20%
DBPCFC
2006 Venter C UK 6-year-old 798 persons  Questionnaire + Food allergy 2.50% Pediatric Allergy
children Open challenge test Immunol
Questionnaire + Food allergy 1.60%

DBPCFC

fruits are common among those aged >6 years (Table

2).

3. PATHOLOGY, SYMPTOMS AND CLINI-
CAL TYPES OF FOOD ALLERGY

3.1. PATHOLOGY OF FOOD ALLERGY
IgE is often involved in food allergies (IgE-mediated
food allergy).? In some patients, symptoms develop
via immunological mechanisms not involving IgE
(non-IgE-mediated food allergy).4 Both IgE-mediated
and non-IgE-mediated reactions may be involved in
the development of food allergies (mixed type food al-
lergy).

Food provides essential nutrients for humans. The
antigenicity of foods is reduced when they are di-

222

gested into low-molecular substances. However, even
in adults’ with mature digestive functions, the anti-
genicity remains to some extent after foods are ab-
sorbed into the living body. Orally ingested foods are
foreign substances (non-self). If antigenicity remains,
they should be immunologically eliminated, but are
not eliminated. Healthy individuals have mechanisms
for preventing allergic reactions to foreign food anti-
gens, including a physicochemical barrier during
food digestion and absorption in the digestive tract
and an immunological barrier to reduce the antigenic-
ity of foods absorbed in the digestive tract. The for-
mer includes digestion into low-molecular substances
by digestive enzymes (e.g., pepsin) and denaturation
by gastric acid. The latter includes the inhibition of

Allergoiogy International Vol 60, No2, 2011 www.jsaweb.jp/
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Soybean: 2%

Peanut: 2%

n=1,420

Meat: 3%

Egg: 29%
Shrimp: 4% °
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Fishes: 5%

Buckwheat: 6%

Fig. 1 Causative foods of immediate-type food allergy
(national surveys by the Ministry of Health and Welfare dur-
ing 1998-1999).
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absorption of food antigens via secretory IgA and the
establishment of oral immunotolerance to suppress
allergic reactions to food antigens ingested from the
digestive tract.®

In patients with food allergy, oral immunotoler-
ance, which is normally established against orally in-
gested food antigens, may not be established or may
be compromised after establishment. However, it is
unknown why oral immunotolerance is not estab-
lished in patients with food allergy.

Food allergy is common in infants because physi-
cal, biochemical and immunological barriers are un-
derdeveloped during infancy.

3.2. SYMPTOMS OF FOOD ALLERGY

Symptoms of food allergy include skin, digestive, na-
sal, ocular, respiratory and systemic symptoms (Ta-
ble 3).

n=1,420

55

17

T

18 19 20s30s40s50s60s70s

Age

Fig. 2 Age distribution of immediate-type food allergy (national surveys by the Ministry

of Health and Welfare during 1998-1999).

Table 2 Causative foods of immediate-type food allergy by age

0 year 1year 2-3 years 4-6 years 7-19 years >20 years
{n = 416) (n'=237) (n =289) ~ (n=140) (n =207) (n=131)
No. 1 Egg Egg Egg Egg Buckwheat Seafood
47.4% 30.4% 30.8% 25.0% 14.0% : 16.0%
No. 2 Dairy products Dairy products Dairy products Dairy products Shrimp Shrimp
30.8% 27.8% 24.2% 24.3% 13.0% 14.5%
No. 3 Wheat Wheat Wheat Wheat Wheat Buckwheat
, 9.6% 8.4% 12.1% 8.6% 10.6% 12.2%
Total 87.8% 66.6% 67.1% 57.9% 37.6% 42.7%
Allergology International Vol 60, No2, 2011 www.jsaweb.jp/ 223

- 136 —



Urisu A et al.

Table 3 Symptoms of food allergy by organ

Organ

Symptoms

Digestive system
Respiratory system
pharyngeal edema

Oral discomfort, lip swelling, abdominal pain, nausea and vomiting, diarrhea
Sneezing, rhinorrhea, nasal congestion, coughing, wheezing, dyspnea, chest tightness, laryngo-

Eyes Conjunctival hyperemia and edema, blepharedema, and lacrimation
Skin Erythema, urticaria, angioedema, itch, burning sensation, blister, eczema

Nervous system Headache
Urinary system

Systemic Anaphylaxis

Hematuria, proteinuria, nocturnal enuresis

3.2.1. Skin Symptoms: Skin Symptoms Are Most
Common in Food Allergy

(1) Urticaria and angioedema: Acute urticaria and
angioedema are common. Rash often occurs within
several minutes after ingestion, accompanied by itch.

(2) Atopic dermatitis: Atopic dermatitis is not
caused by a single factor. There are various exacerba-
tion factors. Many papers have been published re-
garding the involvement of food allergies. Reports of
its incidence vary widely, depending on the methods
used to select subjects (e.g., selection based on se-
verity, history, specific IgE antibodies, or skin test re-
sults), methods used for the oral challenge test (open
food challenge, double-blind, placebo-controlled food
challenge (DBPCFC), and test timing, i.e., before or
after the remission of skin symptoms).

3.2.2. Digestive Symptoms

(1) Immediate-type gastrointestinal allergy: Nau-
sea, vomiting, abdominal pain, colic and diarrhea oc-
cur during food ingestion or at about 2 h after food in-
gestion. These are often accompanied by skin and air-
way symptoms. Some infants present with intermit-
tent vomiting and poor weight gain. Most affected in-
fants (=95%) are positive for specific IgE antibodies
against causative foods and in a skin test.

(2) Oral allergy syndrome (OAS)8: OAS is caused
by contact urticaria in the oral mucosa. IgE antibod-
ies are involved. Itch, redness, tingling, swelling, etc.,
often occur in the mouth, lips, and throat mostly
within 15 min after ingestion. Some patients present
with systemic symptoms, such as throat constriction,
generalized urticaria, cough, wheezing, dyspnea, and
anaphylactic shock. These may be caused by food an-
tigens absorbed from the oral mucosa and distributed
throughout the body. OAS occurs in infants, school-
children, and adults. Common causative foods are
fruits (kiwi, banana, melon, peach, pineapple, apple,
etc.) and vegetables. OAS is often complicated by pol-
linosis. OAS complicated by pollinosis is called
pollen-associated food allergy syndrome or pollen-
food allergy syndrome (PFS). Reportedly, in Hok-
kaido (Japan), 16% of patients with birch pollinosis de-
velop OAS due to fruits, such as apple.

(3) Eosinophilic gastroenteritis: Eosinophilic gas-

224

troenteritis is a rare disease with eosinophil infiltra-
tion in the intestinal mucosa from the esophagus to
the rectum. Abdominal pain, nausea and diarrhea oc-
cur. Eosinophilic gastroenteritis is accompanied by
malabsorption, protein leakage and iron deficiency
anemia caused by intestinal hemorrhage. While an in-
filtration of eosinophils is usually localized to the mu-
cous membrane, it may spread to submucosa or mus-
cle layer, being complicated by eosinophilic ascites.
Food allergy is involved in 25-50% of these cases.

(4) Neonatal and infantile gastrointestinal allergy:
In Europe and America, several disease types have
been reported, which mainly present with digestive
symptoms and occur among newborns and infants,
and in which IgE is not involved.”.8 Many Japanese
patients also fall into these categories regarding their
symptoms and test results. However, some patients
do not fall into any of these disease types. Thus, the
Guideline Committee for Food Allergy in the Japa-
nese Society of Pediatric Allergy and Clinical Immu-
nology bracket together these food allergies, which
mainly present with digestive symptoms and occur
among newborns and infants, into “neonatal and in-
fantile gastrointestinal allergy.” Many patients are
negative for IgE antibodies and are positive for an
allergen-specific lymphocyte stimulation test (ALST).
Thus, this disease may be mainly caused by the hy-
perreactivity of cellular immunity.

About 70% of patients develop symptoms during
the newborn period, while some do at several months
after birth. Half of neonatal patients develop symp-
toms until 7 days after birth. Symptoms may develop
after the first milk ingestion on the day of birth. Com-
mon symptoms are vomiting, bloody stool, diarrhea,
and abdominal fullness. Other symptoms include
shock, dehydration, sluggishness, hypothermia, aci-
dosis, and methemoglobinemia. Of note, some pa-
tients present with fever and positive CRP. Differen-
tial diagnosis of these patients from those with severe
infections, such as bacterial enteritis, is difficult.
Some patients develop neonatal transient eosinophilic
colitis, which causes bloody stool immediately after
birth (before nursing). This disease may occurs in
utero.9

The most common causative food is cow’s milk.

Allergology International Vol 60, No2, 2011 www.jsaweb.jp/
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Table 4 Classification of food allergy

Tolerance Possibility of .
Clinical type Age of onset Common causative foods acquisition anaphylactic r‘?gggig;:? of
(remission) shock 9y
Neonatal and infantile gas- Neonatal and Cow’s milk (+) (%) Mainly non
trointestinal allergy infantile period (powdered milk for infants), IgE-mediated
soybean, rice type
Infantile atopic dermatitis as- Infancy Egg, cow’s milk, wheat, (+) in many (+) Mainly IgE-
sociated with food allergy soybean, etc. » cases mediated type
Immediate-type Infancy-adult- Infants-young children: egg,  Egg, cow’s milk, (++) lgE-mediated
(urticaria, anaphylaxis, etc.) hood cow’s milk, wheat, buckwheat, wheat, soybean, type
fishes, etc. ete.(+)
School children-adults: Others ()
crustacean shellfish, fish, wheat,
fruits, buckwheat, peanut, etc.
Specific Food-dependent  School age- Wheat, shrimp, squid, etc. (%) (+++) IgE-mediated
type exercise-induced adulthood type
anaphylaxis
(FEIAR/FDEIA)
Oral allergy syn- Infancy-adult- Fruits, vegetables, etc. (%) (+) IgE-mediated
drome (OAS) hood type

T Some cases are complicated by digestive symptoms, such as chronic diarrhea, and hypoproteinemia. Foods are not involved in all cas-

es of infantile atopic dermatitis.
Modified from Food Allergy Management Guideline 2008.

Others include soybean milk and rice. Some cases
were fed by mother’s milk or hydrolyzed whey for-
mula.

Diagnosis is made based on i) development of di-
gestive symptoms after causative food ingestion, ii)
improvement and disappearance of symptoms by
eliminating causative foods (positive elimination test),
and iii) positive food challenge test.

To treat gastrointestinal allergy caused by cow’s
milk in an early stage, therapeutically effective prod-

“ucts, such as amino-acid-based formula and exten-
sively hydrolyzed formula, are preferably used.

The prognosis is relatively favorable. About 70% of
patients acquire tolerance at 1 year of age, and about
90% acquire tolerance by their second birthday.

3.2.3. Respiratory Symptoms

Upper respiratory tract symptoms include symptoms
of allergic rhinitis, such as nasal discharge, nasal con-
gestion, and sneezing. Lower respiratory tract symp-
toms include symptoms of airway narrowing (wheez-
ing) and laryngeal edema.

The Heiner syndrome is characterized by pulmo-
nary hemosiderosis caused by milk,19 Heiner syn-
drome a rare disease, which causes hemoptysis due
to alveolar hemorrhage and features chronic cough,
dyspnea, wheezing, fever, and bloody sputum, result-
ing in iron deficiency anemia. Precipitating antibodies
against cow’s milk proteins are detected in the sera of
affected infants.

Allergology International Vol 60, No2, 2011 www.jsaweb.jp/

3.2.4. Ocular Symptoms

Symptoms of allergic conjunctivitis, such as conjunc-
tival hyperemia and edema, blepharedema, and lacri-
mation, may occur.

3.2.5. Systemic Symptoms

(1) Anaphylaxis: Severe allergic symptoms occur-
ring in multiple organs are called anaphylaxis. The
most severe symptoms result in shock accompanied
by decreased blood pressure and impaired conscious-
ness. Causative agents of anaphylaxis, besides foods,
include medicines, blood transfusion, bee, and latex.
Food allergy is the most common cause. Food-
induced anaphylaxis is an immediate reaction, in
which IgE antibodies are involved. While symptoms
usually occur within several minutes after ingestion,
they occasionally occur 30 min or later. Symptoms
may occur either in monophasic or biphasic. In
Europe and America, causative foods of anaphylaxis
include peanuts, nuts and seeds, seafood, eggs, and
cow’s milk. In Japan, they include eggs, cow’s milk,
seafood, shellfish, buckwheat, and peanuts in this or-
der.

(2) Food-dependent exercise-induced anaphylaxis
(FEIAn or FDEIAn): FEIAn is induced by exercise af-
ter food ingestion (mostly within 2 h after ingestion),
but does not occur after either food ingestion or exer-
cise alone. Nonsteroidal antiinflammatory drugs,
such as aspirin, are an exacerbation factor. FEIAn oc-
curs in an IgE-mediated manner.

The prevalence of FEIAn in schoolchildren and stu-
dents is 0.0085%, i.e., one incidence per 12,000 per-
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|: Specialist

Take a detailed case history for
symptoms, time of occurrence of symptom after ingestion of food, age,
nutrition, family history of allergic disease, drug (NSAIDs, B-blocker, etc.)

v

Severe anaphylaxis?
(including FEIAN)

v

IgE measurement of suspected food allergen

General blood tests

(Antigen-specific IgE antibody test, SPT, etc)

Negative IgE

Moce e | >0 |
! YES 1< g NO
3 or more » l Below 3

4

Food challenge

T4 Y

; Positive 1 I Negative [

v

No elimination

Elimination food positivel

Follow-up

Fig. 3 Procedure for Diagnosis of Food Allergy (for “Immediate Type Reaction”).
NSAIDs, non-steroidal antiinflammatory drugs; FEIAn, food-dependent exercise-induced

anaphylaxis; SPT, skin prick test.

T Generally, patients who demonstrate immediate type reaction in later childhood are less

likely to acquire tolerance.
Adapted from reference 12.

sons. FEIAn is most common among junior high
school students, and is more common in males than
in females (male-female ratio, 4 : 1). Common causa-
tive foods are shellfish (55%) and wheat products
(45%) .11

Definitive diagnosis can be made by presuming the
causative foods through history taking, allergy test-
ing, and checking hypersensitivity in a provocation
test with food challenge followed by exercise loading.
Few patients have a positive provocative test. In pa-
tients with negative results, consider administering
aspirin before the food challenge.

3.3. CLINICAL TYPES OF FOOD ALLERGY

Four representative clinical types of food allergy are
shown in Table 4, a revision to “Food Allergy Man-
agement Guideline 2008”.12
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“Neonatal digestive symptoms” in the Food Allergy
Management Guideline 2008 was altered to “neonatal
and infantile gastrointestinal allergy” after approval
by the Guideline Committee for Food Allergy in the
Japanese Society of Pediatric Allergy and Clinical Im-
munology.

Atopic dermatitis during infancy is often associated
with food allergy, of which symptoms become imme-
diate type and is usually resolved with aging. This
type atopic dermatitis is called “infantile atopic der-
matitis associated with food allergy.” Common causa-
tive foods are eggs, cow’s milk, wheat, and soybeans.

The food allergy which promptly develop after in-
gestion of causative food are “immediate-type food al-
lergy which is common in young children to adult-
hood.” The causative foods are buckwheat, peanuts,
fish, curastacean shellfish, and fruits. Tolerance ac-
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