
Legumes, eggs, and milk

Allergy 1998: 53 (Suppl 46): 38-43
Printed in UK - all riphts reserved

Sampson HA. Legumes,
Allergy 1998: 53 (Suppl

eggs, and milk.
46):3843. @ Munksgaard 1998.

Approximately 6"/" of the pediatric population less
than 3 years of age (I), and 2% of the general
population are affected by food hypersensitivities
(2). Although hundreds of different foods are
present in the Western diet, about 80% of allergic
reactions in children are the result of hypersensi-
tivity to legumes (including peanuts and soybeans),
cow's milk, and chicken eggs. Most children
(-80%) "outgrow" their hypersensitivity to milk
and eggs by the end of the first decade. However,
peanut allergy persists in about 80% of young
children reacting to peanut in the first 2 years of
life, and virtually all individuals reacting to peanut
beyond the age of 5 years (3, 4). Why these
particular foods account for the vast majority of
reactions in children is not clear, although their
early introduction into the diet appears to play
some role.

Food items comprise proteins, carbohydrates,
and lipids. In general, the major food allergens
identified are water-soluble glycoproteins, which
have molecular weights ranging from 10 to 70 kDa
and are stable to processing and cooking (heating,
freezing, etc.) and gastrointestinal digestion (gut-
tric acid and intestinal proteases) (5). However,
other physicochemical properties that may account
for the unique allergenicity of specific foods are
poorly understood; e.9., mucosal permeability,
structural differences, and preferential uptake by
different antigen-presenting cells (APCs). Major
allergens identified in legumes, cow's milk, and egg
are listed in Thble 1. The surface portion of
allergens that interact with T cells and B cells or
antibodies are defined as T:cell and B-cell epitopes,
respectively. T:-cell epitopes comprise small pep-
tides, about nine sequential amino acids, presented
to T cells after processing by APCs and presented
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in the context of the MHC complex (6). B-cell
epitopes may be linear (sequential) or conforma-
tional (discontinuous), and generally comprise
larger peptides (10-20 amino acids) than T:cell
epitopes. Since food proteins undergo cooking and
digestive processes, it generally has been assumed
that most food allergenic epitopes (IgE-binding)
are predominantly linear in nature. Recent work
suggests that many of the food allergenic epitopes
are conformational, and as discussed below, these
structural differences in epitopes may produce
different immunologic consequences.

Legumes
In the USA, peanuts and soybeans are among the
most common food allergens in children, and
peanuts among the most common in adults,
although other members of the legume family also
have been implicated in allergic reactions, i.€.,
green peas, green beans, navy beans, garbarzo beans'
lupines, etc. Although extensive cross-reactivity
arnong legumes is seen with in vitro methods (e.g:,
RAST, ELISA, and SDS-PAGE immunoblotting)
and skin testing, most peanut-allergic patients can
consume other legumes with no adverse reactton,
and vice versa (7, 8).

Peanuts are one of the most allergenic foods in
children and adults. Peanut proteins are convention-
ally classified as albumins (water-soluble) and globu-
lini (saline-solution soluble), the latter of which is

further subdivided into arachin and conarachin frac-
tions (9). With crossed-radioimmunoelectrophoresis
(CRIE), 16 allergenic fractions have been identi-
iied in raw peanuts (10). Thirty-two protein bands
have been identified on SDS-PAGE; three with
molecular weights of 63.5 kDa (Ara h 1) (11), 17



//-l

Table 1.  lsolated food al lergens

kDa (Arah}) (L}),and 14 kDa (Ara h 3)-(13, 14)

have b.ttt identified as major allergens. Recently,

we utilized soybean-adsorbed, peanut-allergic patient

sera to identify IgE-binding peanut protein fractions

on two-dimensional immunoblots. These fractions

were isolated and then identified by N-terminal

amino-acid sequencing. We showed that the -30

protein fractions present rep_resented isoforms or

iractions of Ara li 1, Ata h 2, or Ara h 3 (15)' A

wide variety of peanut products, including flour and

reprocesseà peanuts, have been shown to retain

thèir allergenicity (16). However, refined peanut

oil was fòund to be safe in 60 peanut-allergic
individuals, whereas pressed (ot extruded) oils

\ryere found to retain some of their allergenicity
(17) .' 

Ara h 1 (64.5 kDa) belongs to the vicilin family

of seed storage proteins. The entire arnino-acid
sequence has been determined, and a full-length
cpNA clone encoding this allergen has been iso-

lated and expressed (11, 18). With peanut-allergic
patient sera and overlapping decapeptides repre-
ienting the entire primary amino-acid sequence of

Ara h-1, fwenty-three different IgE-binding epitopes
were identified, four of which were recognized by
>80% of peanut-allergic patient sera. In further
studieg mutational analysis of the immunodominant
epitopes revealed that a single amino-acid substi-
tution, especially in the center of each epitope,
could dramaticaÍly reduce or abrogate IgE binding
(19). Expression of these mutated recombinant
proteins may prove valuable in the development of
safer vaccines for immunotherapy.

Legumes. eggs, milk

Ara h Z (17.5 kDa) is a member of the conglJ'tin

family of storage proteins, which has been fully

,.q,rétt."d and à tutt-tength cDNA clone isolated
(20). In addition, 10 lgE-binding epitopes have

been identified, although three are clearly immuno-

dominant, being recognized by sera from all

patients tested: ia 27 -36, aa 57 -66' and aa 65-74'

Mutational analysis of these major allergenic

epitopes demonsirated that single_ amino-acid sub-

,iitutio.tr resulted in near cornplete loss of IgE

binding. T:cell epitope mapping with peanul-specific

T:cell 
-iines 

demonstrated four immunodominant
regions on the Ara h 2 molecule, three of which

màpped to different locations than the immuno-

doàinant IgE-binding epitopes. The fact that IgE-

binding epilopes differ from T-cell epitopes should

enablJ ui to mutate lgE-binding sites without

affecting the response of T ce[}s, a prerequisite for

developìng recómbinant vaccines that will not

induce anaphylactic side-effects.
Ara h 3^ (I-4 kDa) is a member of the glycinin

family of itotug" proteins (13, 14)'. Glycinins

t"pr"i"ttt a class of seed storage pr.oteins that are

firìt synthesized as precursor proteins of -60.kDa

and túen proteolytièaily cleaved into 40- and 20-

kDa protéins. The 14-kDa protein identified by

immuìoblotting appears to represent a natural

cleavage produit of ttre amino terminal end of this

p.unrriglycinin. A full-length cDNA of the 60-kDa

protein-has been isolated, and epitope mapping

studies are underway. There does not appear to be

any common amino-acid sequence motif shared by

thése three peanut proteins, although the hydro-

phobic aminó-acid reìidues appear to play a critical

iole in each of the IgE-binding epitopes'
Soybeans are another member of the legume

famiiy that cause a significant number of hyper-

sensiiivity reactions, piedominantly in infants and

young children. Since soybeans provide an inexpen-

iiu" Jorrtce of high-quality protein, soybean protein

is used in many iomm.tcial foods. Approx_imately

I1yo of the seéd proteins are water-soluble albu-

mins and the remainder are salt-soluble globulins

(ZD. Four major protein fractions have been sep-

àruieA by uliracèntrifugation: 25 (cr-conglycinin

-o-pot.é of 18.2- and ZZ.e-yna fractions), 75 (B-

congìycinin exists as a trimer or hexamer in solution;

.r,oio*.ric form is i.50-170 kDa), 11S (glycinin is

32A-350-kDa protein composed of L2 subunits),

and 15S (aggrégated glycinin). In a study of eight

children ifth ige-mèaiated soy hypersensitivity

documented by double-blind, placebo-controlled

food challenge (DBPCFC), ELISA and immuno-

blots were used to compare IgE and IgG specific

antibodies to the 75, 11S, and whey fractions (21).

In this small group, no fraction appeared to be

more allergenlc. An earlier study had suggested

Protein fraction

Approx.  percentage

of food

Legumes
Peanut
A r a h l
A r a h 2
A r a h 3

Soybean
Soybean tryPsin
lnhibitor
G l y m l

Cow's milk
Caseins
WheY
B-Lactoglobul in
cr-Lactalbumin

Chicken egg white
Gald 1  (ovomucoid)
Gald 2  (ova lbumin)
Gal d 3 (ovotransferrin)
Gal d 4 (lWozyme)

76-86%
14-24To
7 -12Yo
2-5%

110/o
54%
12-13o/o
3 5 %

63 500
17 000
14000

20 500

30 000

1 I 000-24 000

36 000
t4 440

28 000
45 000
i7 700
14300
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that the 25 fraction had the highest allergenic
potential (22), while a later study suggested that
the 75 fraction contained the major allergenic
component (23). Gly m 1 is a 30-kDa protein
comprising a minor portion of the 75 conglycinin
that was bound by IgE antibodies from 65Yo of soy-
"allergic" patients in one study (23).Soy vicilin,
highly homologous to peanut vicilin, has also been
reported to be a major soy allergen. As with peanut
oil, seven subjects reportedly allergic to soy were
found to have no symptoms after ingesting up to
8 ml of soy oil (24).With ELISA inhibition, how-
ever, some detectable soy protein has been found
in soy-fat products (25). Six of seven soy lecithin
preparations contained 1.03-21.2 mg/g of soy pro-
tein, 415 margarines contained 0.1-0.29 mg/g, and
3/8 soy oil preparations contained 0.11-33 mglg.

Cow's milk
Cow's milk is among the first foods introduced into
an infant's diet and thus one of the most common
causes of food allergy in young children (26).
Prospective studies from several countries have
shown that about 2.5% of neonates experience
hypersensitivity reactions to cow's milk in the first
year of l i fe (1,27 ,29).IgE - and non-IgE-mediated
hypersensitivity mechanisms each account for
about one-half of milk-allergic disorders. While
most infants with non-IgE-mediated cow's milk
allergy "outgrow" their sensitivity by year 3 of life
(27),L5% of. infants with IgE-mediated cow's milk
allergy retain their sensitivity into the second
decade, and 35Y" develop allergic reactions to
other foods (30).

Over 60 million tons of milk are produced in the
USA each year; three-fourths is consumed as fluid
milk or cheese (31). In addition, over 120000 metric
tons of caseinates (sodium, potassium, and calcium)
are produced for consumption annually worldwide.
Caseinates are very soluble and extremely heat
stable, and exhibit excellent emulsification, water-
binding, thickening, and gelling characteristics.
Consequently, they are used extensively through-
out the food supply in formulated meat products,
texturized vegetable protein products, margarines,
toppings, cream substitutes, coffee whiteners, and
foam stabilizers, making avoidance of milk proteins
by milk-allergic patients extremely difficult.

Cow's milk proteins have been well charac-
terized, but the relative allergenicity of each pro-
tein in various forms of milk hypersensitivity
remains unclear. Cow's milk contains at ieast 20
protein components that may provoke an antibody
response in man (32).The milk protein fractions
traditionally have been subdivided into casein and
whey fractions. The caseins are generally found in
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micellar complexes, which give milk its "milky"
appearance, and constituteT6-86"/" of the protein
in cow's milk (33, 34). The casein fraction is
precipitated from skim milk by acid at pH 4.6, and
it consists of three basic caseins (cr' F, and r), which
account for 80% of milk protein. The o, caseins
(u,, and cr,r) constitute 42o/o, B casein 25%, and x
casein 9"/" of total milk proteins. The primary
sequences of the caseins have been established
(33), and five genetic variants of ur, casein, fout
variants of ur, casein, and two genetic variants ol
p casein have been identified. The crrr caseins
consist of 199 amino-acid residues with a calculatec
molecular weight of.23,6 kDa, and have no confor'
mational structure since they lack disulfide bonds
Epitope-mapping by assays with overlapping pep'
tides has demonstrated that major allergenic bind
ing sites are in the C-terminal region of the a,
casein (35). The F caseins contain 209 amino-acic
residues with a calculated molecular weight of,23.l
kDa, and the r caseins are made up of 169 amino
acid residues with a calculated weight of approxi
mately 19 kDa. The noncasein fraction, or whel
accounts f.or 20o/o of total milk protein. It consistl
of B-lactoglobulin (9"/o of. total milk protein), a
lactalbumin (4o/'), bovine immunoglobulins (2%)
bovine serum albumin (l%), and minute quantitier
of various proteins (lactoferrin, transferrin, lipases
esterases, etc. that collectively make up 4% of tota
milk protein). Several of the whey proteins arr
denatured by extensive heating (bovine serun
albumin, bovine gamrna globulin, and u-lact
albumin) (33). The complete primary structure o

B-lactoglobulin has been elucidated, and aller
genic linear epitopes have been mapped (36). p

Lactoglobulin is composed of 162 amino-aci'
residues with a calculated weight of 18'3 kDz
Similarly, o-lactaibumin has been shown to corn
prise 123 amino-acid residues with a calculate
weight of. 14.2 kDa.

Many authors have investigated the relativ
allergenicity and antigenicity of the milk protein
but there has been little consensus. Goldman et a
skin tested 85 children who had challenge
documented milk hypersensitivity, with a numbe
of milk proteins (37).Fifty of the children ha
positive ikin tests; 30/50 to two or more of the mil
proteins: caseins - 68Vo; s-lactalbumin - 44o/"; Í
iactoglobulin - 40%; and bovine serum albumin
42%: Of 45 children challenged with "purified
milk proteins, 62Yo reacted to B-lactoglobulin, 60!

to caiein . 537o to cr-lactalbumin, and 52"/o to bovir
serum albumin (38). However, several factors rait

significant doubts about the reported reactivity ratt

in ttris study: the use of the intradermal skin te

method, the large number of investigators perforn
ing skin tests, and the difficutty of obtaining thet
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milk proteins in a pure form. Virtually all com-

mercial sources of whey proteins are contaminated

with casein proteins, and vice versa. Utilizing the

RAST with purified milk proteins, Hoffman con-

cluded that B-lactoglobulin was the major allergen

in cow's milk (39). However, the diagnosis of milk

allergy was based on history and skin test data;

therefore, the true clinical sensitivity of these
patients remains in doubt. Other studies employing^Cnrc 

have demonstrated IgE antibodies to cr-
lactalbumin, B-lactoglobulin, bovine serum albumin,
and bovine gamma globulin in most milk-allergic
patients (40). However, recent studies utiiizing
sera from children with milk challenge-confirmed
hypersensitivity have suggested that caseins are
thé most allergenic milk proteins (41-43). In a
study of 80 milk-allergic patients (-70% less than
5 years of age), Docena et al. found casein-specific
IgE in 80/80 patient sera, B-lactoglobulin-specific
tgE in 10/80, and cr-lactalbumin in 5i80 (43). Our
recent study of 69 milk-allergic children confirmed
the importance of casein as a major milk allergen
and also demonstrated significant reactivity to u-
lactalbumin and B-lactoglobulin. Immunoblotting
techniques also have shown cross-reactivity between
milk proteins in cows, goats, and sheep. Of 20
children with challenge-confirmed cow's milk
allergy, 18 (90%) reacted to goat's milk during a
similar challenge (44). Although skin testing to
beef is often positive in cow's milk-allergic indivi-
duals, most can ingest beef without any adverse
effect. A small number of cow's milk-allergic
patients have been identified who can eat well-
cooked beef, but who experience symptoms with
rare beef (45).

Much less information is available about T:cell
responses to specific milk proteins. In one study of
34 children with non-IgE-mediated cow's milk
allergy, in vitro lymphocyte proliferation to casein,
q,-lactalbumin, and p-lactoglobulin was evaluated
(46). Overall, 8I% of patients showed a significant
response to casein ,z|oh to o-lactalbumin, and 59%
to B-tactoglobulin. The specificity of these res-
ponses in defining pathogenic processes is poor,
since most normal individuals also demonstrate
lymphocyte proliferation following milk-antigen
stimulation in vitro (47).

Chicken's egg is one of the most common causes
of food-allergic reactions in children. The yolk is
considered less allergenic than the white (48),
although IgE antibodies to chicken gamma globulin,
apovitellenin I, and contaminating egg-white pro-
teins can be demonstrated. Egg white contains 23
different glycoproteins, most of which have been
purified and their amino-acid sequences deter-
mined (49). Ovomucoid (Gal d 1), ovalbumin (Gal
d 2), ovotransferrin (Gal d 3), and lysozyme (Gat

Legurnes'€gBS, milk

d 4) have been identified as major egg allergens
(50, 52). Ovalbumin (Gal d 2) is a monomeric
phosphoglycoprotein consisting of 385 amino acids
and having a molecular weight of. 43-45 kDa.
Ovotransferrin (conalbumin) comprises 686 amino
acids and has a molecular weight of.77 kDa. The
full amino-acid sequences of these egg proteins are
known and the cDNA clones isolated. Ovomucoid
comprises L0% and ovalbumin greater than 50o/"
of the total egg-white protein, and both are easily
demonstrable in raw and cooked eggs. Although
ovomucoid comprises only a minor component of
egg white, we demonstrated that it is the immuno-
dominant allergen (53). More recently, Urisu et al.
further demonstrated that ovomucoid is the major
allergenic protein in egg white by showing that most
egg-allergic children fail to react to ovomucoid-
depleted egg white in oral food challenges (5a).

Utilizing pooled sera from egg-allergic patients,
we identified five IgE,- and seven IgG-antibody-
binding sites along the L86 amino-acid residues
comprising ovomucoid (55). However, evaluation
of "linearzed" (reduced and alkylated) ovomucoid
suggested that not all patients had IgE antibodies
recognizing linear ovomucoid epitopes. We then
utilized overlapping, linear decapeptides and line-
arized whole ovomucoid to compare individual
patient IgE antibody binding to linear ovomucoid
èpitopes. When IgE binding to the synthesized
decapeptides was compared, it appeared that there
were three different patterns of antibody binding.
One patient group's IgE antibodies recognized
most of the ovomucoid allergenic epitopes pre-
viously identified (55), the second group's IgE
recognized allergenic epitopes primarily in the first
ovomucoid domain, and the third group had virtu-
ally no IgE binding to any of the synthesized
decapeptides. Since the quantities of egg-specific
IgE antibodies were similar in the three groups, this
suggested that the third group of patients possessed
ouómucoid-specific IgE antibodies that recognized
primarily conformational epitopes (56). This supposi-
iion was supported by findings comparing the binding
of patients' ovomucoid-specific IgE to "native"
and "lin earized" ovomucoid. While ovomucoid-
specific IgE antibody binding to native ovomucoid
was similar in the three patient groups, at least 80%
of the third group's ovomucoid-specific IgE, bound
conformational ovomucoid epitopes compared to
the first group's ovomucoid-specific IgE antibodies,
which demonstrated greater than 507" binding to
linearized ovomucoid ePitopes.

IgG antibodies to food proteins can be detected
in virtually all individuals exposed to food antigens
(57, 58), although levels of IgG food-specific anti-
bodies tend to decrease with age (59). Interestingly,
when ovomucoid-specific IgG antibody binding to
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linear decapeptides was evaluated, significant dif-

ferences were seen between egg-allergic patient
groups and controls. The first patient group,-which
Éad the greatest amount of ovomucoid-specific IgE

to the linear decapeptides, had significantly less

ovomucoid-specific IgG antibody binding to the

ovomucoid decapeptides than the second and third
patient groups. However, there was no significant
àifferenóe in the percentage of ovomucoid-specific
IgG binding to "linearized" ovomucoid compared
tó ttre native form. Control groups consisting of

atopic dermatitis patients who were not egg-aller-
gic and nonallergic normal controls had significant
IgG antibodies to native ovomucoid but virtually

no ouomucoid-specific IgG antibodies to the linear
decapeptides. These results suggest a qualita.tive

diffeience at the level of antigen processing bet-

ween food-allergic and nonallergic individuals in

their immune response to ingested allergens.
Although all egg-allergic patients in this study

developed their egg hypersensitivity in the first 2

years óf Hfe, the first patient group was older and

irad more pronounced allergic reactions following
the ingestion of egg than the third patient group.

The flrst patient group's extensive ovomucoid-
specific IgE antibody binding to numerous linear

ailergeniC epitopes is similar to that seen in patients

peanut-alleigic to Ara h L and Ara h 2 (60)'

Patients with peanut allergy tend to have "pro-

tracted" (lifelong) reactivity to peanut (3), suggesting
that "protracted" food hypersensitivity is associ-
ated with the development of significant quantities

of IgE antibodies to linear epitopes.
tn ttre past decade, much has been learned about

the aliergenicity of food proteins- Many of the

major aliergenic proteins have been identified,
thelr amino-acid structure defined, and their cDNA

isolated, sequenced, and cloned. While no "allergenic

motif" has yet been recognized, further studies
defining allergenic fractions and their tertiary
structuies should lead to a better understanding of

allergens in general and should allow us to design

recombinant proteins for use in immunotherapy' To

date, little work has been done on T:cell epitopes
that contribute to allergic responses to foods'

Further studies will need to focus on this area if

we hope to gain more understanding of how aller-
gic responses develop and are regulated.

References
1. Bock SA. Prospective appraisal of complaints of adverse

reactions to foods in children during the first 3 years of life.

Pediatrics 1 987;79:683-8-
2. Niestijl Jansen JJ, Kardinaal AFM, Huijbers GH, Vlieg-

Boersira BJ, Martens BPM, Ockhuizen T. Prevalence of

food allergy and intolerance in the adult Dutch population.

J Allergy Clin Immunol 1994;93:446-56.

42

3. Bock SA, Atkins FM. The natural history of peanut allergy.
J Allergy Clin Immunol L989;83:900-4.

4. Hourihane JO'B, Roberts SA, Warner JO. Resolution of
peanut allergy: case-controi study. BMJ 1998;316:1271-5.

5. Taylor SL, Lehrer SB. Principles and characteristics of food
allergens. Crit Rev Food Sci Nutr L996;36:591-118.

6. Strobel S, Mowat AM. Immune responses to dietary

antigens: oral tolerance. Immunol Today 1998;19:173-81'

7. Bernhisel-Broadbent J, Sampson HA. Cross-allergenicity

in the legume botanical family in children with food

hypersensitivity. J Allergy Clin Immunol 1989;83:435-40.

8. Bernhisel-Broadbent J, Tàyior S, Sampson HA' Cross'

allergenicity in the legume botanical family in children with

food hypersensitivity. II. Laboratory correlates. J Allergy

Clin Immunol 1989;84:701-9.
9. Bush RK, Thylor SL, Nordlee JA. Peanut sensitivity'

Allergy Proc 1989;10,,261-4.
10. Barnàit D, Baldo BA, Howden MEH. Multiplicity of

allergens in peanuts' J Allergy Clin Immunol 1983;72:61-8'

11. Burks AW, Wittiams LW, Helm RM, Connaughton C,

Cockrell G, O'Brien T. Identification of a major peanut

allergen, Ara h I, in patients with atopic dermatitis and

positìve peanut challenges. J Allergy Clin Immunol 1991;

88:172-9.
12. Burks AW, Williams LW, Connaughton C, Cockrell G,

o'Brien TJ, Helm RM. Identification and characterization

of a second major peanut allergen, Ara h II, with use of

the sera of patients with atopic dermatitis and positive

peanut challénge. J Allergy Clin Immunol 1992;90:962-9'

13.'Eigenmann PA, Burks AW, Bannon GA, Sampson HA'

Idéntification of unique peanut and soy allergens in sera

adsorbed with cross-reacting antibodies. J Allergy clin

Immunol 1996;98:969-78.
14. Rabjohn P, West CM, Helm E' et al. Glycinin, a third major

p"unut allergen identified by so-y-adsorbed serum IgE from

peanut s"ttJitiu" individuals fAbstract]. J Allergy Clin

Immunol 1998;101 :5240.
15. Sampson HA, Buckley N, Huang SK, Burks AW

Bannon GA. Characterization of major peanut allergens

[Abstract]. J Allergy Clin Immunoi 1998;101:5240'

16. ilordle" jA, Taylol SL, Jones RT, et al' Allergenicity of

various peanut products as determined by RAST inhibi-

tion. J Allergy Clin Immunol 1981;68'.376'82'

1.7. Hourihane ib'B, Bedwani SD, Dean TP, Warner JO'

Randomized, double-blind, cross-over challenge study of

allergenicity of peanut oiis in subjects allergic to peanuts'

BMJ 1997;314:1084-8.
18. Burks AW, Cockrell G, Stanley JS, Helm RM, Bannon GA'

Recombinant peanut allergen Ara h I expression and IgE

binding in paìients with peanut hypersensitivity' J Clin

Invest 1995;96:17 15 -27.

19. Shin D, Compadre CM, Sampson HA, et al' Biochemical

and structural analysis of the igE binding sites on Ara h I'

an abundant and highly aller-gic peattul protein' J Biol

Chem 1998;27 3:137 53 -9 .
20. Stanley JS, King N, Burks AW, et al' Identification and

mutational anallsis of the immunodominant IgE binding

epitopes of the major peanut allergen Ara h 2' Arch

Biochem BioPhYs 1997 ;342:244-53'
21. Burks AW, Brollks JR, Sampson HA' Allergenicity of

major component proteins óf soybean. determined by

gf-iSe andìmmunoblotting in children with atopic derma'

titis and positive soy challenges. J Allergy Clin Immunol

1988;81:1135-42.
22. Shibasaki M, Suzuki S, Tajima S, et al'

major component proteins of soybean'
Appl Immunol 1980;61:441-8.

23. Ogawa T, Bando N, Tsuji H, Okajima

AllergenicitY of

Int Arch AllergY

H, Nishikawa K'



31.
JL .

-J

Sasaoka K. Investigation of the IgE-binding proteins tn

soybeans by immunoblotting with the sera of the soybean-

sensitive patients with atopic dermatitis. J Nutr Sci
Vitaminol (Tokyo) 1991.37 :555 -65.

24. Bush RK, Thylor SL, Nordlee JA, et al. Soybean oil is not

allergenic to soybean-sensitive individuals. J Allergy Clin

Immunol 1985 :7 6:242-5.

25. Porras O, Carlsson B, Fallstrom SP, et al. Detection of soy
protein in soy lecithin, margarine, and occasionally soy oil.

Int Arch Allergy Appl Immunol L985;78:30-2.

?6. HillDl Firer MA, Shelton Ml Hosking CS. Manifestations
of milk allergy in infancy: clinical and immunological

findings. J Pediatr 1986;109:270-6.
27. lH;Ost A, Halken S. A prospective study of cow milk allergy

in Danish infants during the first 3 years of life. Allergy
D9A;45:587-96,

28. Hide DW, Guyer BM. Cow milk intolerance in Isle of

Wight infants. Br J Clin Prac 1983;37:285-7.
29. Schrander JJP, van den Bogart JPH, Forget PR Schrander-

Stumpel CTRM, Kuijten RH, Kester ADM. Cow's milk
protein intolerance in infants under 1" year of age: a
prospective epidemiological study. Eur J Pediatr 1993;L52:
640-4.

30. Hgst A, Halken S, Jacobsen HP, Eastmann A, Mortensen S,
Mygil S. The natural course of cow's milk protein allergy/
intolerance [Abstract]. J Allergy Clin Immunol1997;99: 5490.
Dairy market trends. Dairy Field 1982;165:39-57.
Bleumink E, Young E. Identification of the atopic allergen
in cow's milk. Int Arch Allergy Appl Immunol 1968;34:
52r-43.

33. Swaisgood HE. Characterization of edible fluids of animal
origin: milk. In: Fennema OR, editor. Food chemistry. New
York: Marcel Dekker, 1985:791-827 .

34. Whitney RM. Proteins of milk. In: Wong NP, Jernes R,
Keeny M, Marth EH, editors. Fundamentals of dairy
chemistry. New York: Van Nostrand Reinhold, 1988:81-169.

35. Nakajima-Adachi H, Hachimura S, Ise W, et al. Deter-
minant analysis of IgE and IgG4 antibodies and T cells
specific for bovine alpha-s1-casein from the same patients
allergic to cow's milk: existence of alpha-s1-casein-
specific B cells and T cells characteristic in cow's milk
allergy. J Allergy CIin Immunol 1998;10I:660-71.

36. Ball G, Shelton Ml Walsh Bl Hill Dl Hosking CS,
Howden MEH. A major continuous allergenic epitope of
bovine B-lactoglobulin recognized by human IgE binding'
Clin Exp Allergy 1994:24:158-64.

37. Goldman AS, Anderson DW, Sellers WA, Saperstein A,
Kniker Wl Halpern SR. Milk allergy. I. Oral challenge
with milk and isolated milk proteins in allergic children.
Pe diatrics 19 63 ;32:425 - 43 .

38. Goldrnan AS, Sellers WA, Halpern SR, Anderson DW,
Furlow TE, Johnson CH. Milk allergy. II. Skin testing of
allergic and normal children with purified milk proteins.
Pediatrics 1963:32:57 2-9.

39. Hoffman DR. Food allergy in children: RAST studies with
milk and egg. In: Evans R, editor. Advances in the diag-
nosis of ailergy: RAST Meeting proceedings, 1975.

40. Gjesing B, @sterballe O, Schwartz B, et al. Allergen-specific
IgE antibodies against antigenic components in cow milk
and milk substitutes. Allergy 1986;41:51-6.

41. Norgaard A, Bindslev-Jensen C. Egg and milk allergy in
adults. Allergy L992;47 :503 -9.

Legumes. eggs, milk

42. IHJll DJ, Firer MA, Hosking CS. Natural history of cow's
milk allergy in children: immunological outcome over 2 years

Clin Exp Allergy 1993;23:385-90.
43. Docena GH. Fernandez M, Chirdo FG, Fossati CA' Identi-

fication of casein as the major allergenic and antigenic
protein of cow's milk. Allergy 1996;51:412-1,6.

44. Businco L. Allergic reactions to goat's milk in cow's milk
allergic children. Allergologie 1995;18: 412-14.

45. Werfel S, Cooke S, Sampson HA. Clinical reactivity to beef
in cow milk allergic children. J Allergy Clin Immunol
1997:99:293'300.

46. Baudon JJ, Mougenot JE, Didry JR. Lymphoblastic stimu-

lation test with food proteins in digestive intolerance to

cow's milk and in infant diarrheas. J Pediatr Gastroenterol
Nutr 1987;6:244'51'.

47. Hoffman KM, Ho DG Sampson HA. Evaluation of the

usefulness of lymphocyte proliferation assays in the diag-

nosis of cow's milk allergy. J Allergy Clin Immunol 1996;

99:360-6.
48. Anet I Back IF, Baker RS, et al. Allergens in the white

and yolk of hen's egg. Int Arch Allergy Appl Immunol
1985;77:364-71.

49. Li-Chan E, Nakai S. Biochemical basis for the properties

of egg white. Crit Rev Poultry Sci 1989;2:21-58.
50. Langland T. A clinical and immunological study of allergy

to hen's egg white. III. Allergens in hen's egg white studied

by crossed radio-immunoelectrophoresis. Allergy L982;37:

5ZL-30.
51. Hoffman DR. Immunochemical identification of the

allergens in egg white. J Allergy Clin Immunol 1983;71:

481-6.
52. Holen E, Elsayed S. Characterization of four major

allergens of hen egg white by IEF/SDS-combined with

electrophoretic transfer and IgE-immunoautoradiography.
Int Arch Allergy Appl Immunol 1990;91':136-47'

53. Bernhisel-Broadbent J, Dintzis HM, Dintzis RZ,

Sampson HA. Allergenìcity and antigenicity of chicken

egg ónomucoid (Gat d III) compared with ovalbumin (Gal

d-t) in children with egg allergy and in mice. J Allergy Clin

Immunol 1994:,93:L047 -59.

54. Urisu A, Ando H, Morita Y, et al. Allergenic activity of

heated and ovomucoid-depleted egg white. J Allergy Clin

Immunol 1997,10017 7 -6.

55. Cooke SK, Sampson HA. Allergenic properties of ovomu-

coid. J Immunol 1997;159:2026-32'
56. Sampson HA, Cooke SK, Huang SK' Variable response to

ovomucoid in man. J Allergy Clin Immunol 1998
(submitted).

57. Johansson S, Dannaeus A, Lilja G. The relevance of anti-

food antibodies for the diagnosis of food allergy' Ann

Allergy 1984;53 :665 -7 2.
58. Savilhati E, Salmenpera L, Thinio Y Halme II,

Perheentupa J, Siimes M- Prolonged exclusive breast-
feeding results in low serum concentration of immuno-

globulin G, A, and IVI. Acta Paediatr Scand 1987:76:1'-6.

59. kletter B, Gery I, Freir S, Davies A. Immune responses of

normal infants to cow milk- Int Arch Allergy Appl

Immunol 197 1:40:656-66.
60. Stanley I King N, Burks A, et al. Identification and

mutational analysis of the immunodominant IgE binding

epitopes of the major peanut allergen Ara h 2. J Biochem

Biophys 1997 ;3 42:244- 53.

43


