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allergy and celiac disease seems to be rare.

Cereal products can cause various adverse reactions
and diseases. Allergy to inhaled flour or grain dust
may manifest itself as rhinitis or asthma. When in-
gested, cereals can cause celiac disease, dermatitis
herpetiformis, and food allergy. The manifestations
of food allergy, including allergy to cereals, are di-
verse and include dermatologic, gastrointestinal, and
respiratory symptoms of immediate or delayed onset.
Allergy to ingested cereals has been investigated less
extensively than celiac disease or baker’s asthma.

Cereals contain various antigenic or possibly toxic
protein components with different physicochemical
properties. Cereal proteins can be extracted and
classified according to their solubility in different
solvents (2). The main antigenic fractions are albu-
mins, globulins, gliadins, and glutenins (2). It is well
known that celiac disease is associated with gliadins.
In asthmatic bakers, albumins have been regarded
as the major antigenic components, but reactivity to
other protein fractions has also been found (5, 26).
It has not been determined whether cereal proteins
differ in their capacity to induce or elicit food allergy.

The present investigation described the clinical
features of allergy or intolerance to ingested cereals
and studied the usability of various skin and labo-
ratory tests in the diagnosis of this condition. In
addition, reactivity to gliadin was measured in chil-
dren with cereal allergy or intolerance.

Risidnen L, Lehto M, Turjanmaa K, Savolainen J, Reunala T. Allergy to

Clinical features, hypersensitivity mechanisms, and differential diagnosis of
cereal allergy or intolerance were investigated in children with atopic
dermatitis (AD). On oral provocation, 18 children exhibited a positive
response to wheat, three to rye, one to barley, and one to oats. Cereal-induced
symptoms were dermatologic, gastrointestinal, or oropharyngeal, and their
onset after provocation was immediate (eight cases), delayed (14 cases), or
both immediate and delayed (one case). A combination of type I allergy
tests (prick test, RAST, and histamine-release test) detected all immediate
reactors and 9/14 delayed reactors. Of the five subjects remaining negative in
these tests, three were positive in the patch or lymphocyte-proliferation
tests. Subjects with cereal allergy or intolerance frequently possessed IgE,
IgA, and IgG antibodies against gliadin, but only one of these children was
HLA-DR3-positive, and none had reticulin antibodies typical of celiac
disease. Combining tests of immediate and delayed hypersensitivity can
confirm allergy to cereals in a more reliable way. The coexistence of cereal
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Material and methods

Subjects and provocations

The study was conducted at the Department of Der-
matology, Tampere University Hospital, Tampere,
Finland, to which children suffering from atopic der-
matitis (AD) with or without suspected food allergy
are referred. The subjects selected for the present
study had AD and symptoms suggestive of food
allergy and were therefore challenged with cereals.
Many of them were older children who had been
followed at the Department of Dermatology because
of cereal and other food allergies diagnosed earlier,
and they were rechallenged with cereals for the
present study.

Twenty-three children with cereal allergy or intol-
erance and 16 non-cereal-allergic children partici-
pated in the study. Their AD was inactive at the time
of the study. Cereal allergy or intolerance was proved
or rejected by challenge combined with follow-up.
Cereal products were totally eliminated from the
child’s diet at least 2 weeks before the challenge.
When necessary, other foodstuffs were also with-
drawn from the diet. The challenge was open or
single-blind. Older children were challenged in a
single-blind fashion. In the latter case, cereals were
concealed in buckwheat porridge, to which none of
the subjects was sensitized. The challenge began with
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a drop of gruel (109, cereal, cooked in water) on
intact skin. The oral doses were 1, 2, 5, 10, 20, 50,
and 100 ml gruel given at intervals of 1 h. If the child
developed a positive contact urticarial response to
the gruel drop, oral provocation was started from
1 ml; otherwise, the first oral dose was 10 ml. If
symptoms appeared, the challenge was stopped and
the child was observed at the clinic for at least 2 h.
If subjects did not develop symptoms after the last
dose, they were likewise observed for at least 2 h
before discharge. If they remained symptom-free on
the following day, the parents were advised to con-
tinue with gruel, porridge, or bread ad libitum. The
children returned to hospital when symptoms ap-
peared or at the latest after 1 week. After provoca-
tion, they attended the clinic for 1-3 months and
also later if necessary.

Skin tests

Prick tests were done with noncommercial cereal
flour preparations. To make these, grains of wheat,
rye, barley, and oats were ground, and the flours
were suspended in saline, about 200 mg/0.3 ml. Prick
tests were read at 15 min. The reactions were graded
as follows: + a reaction of one-quarter of, + + a
reaction half the size of, + + + a reaction equal to,
and + + + + areaction twice as large as the wheal
to the histamine standard (10 mg/ml). Reactions
= + + were regarded as positive.

The five children who were challenge-positive but
negative in type I allergy tests were also patch-tested.
Patch tests were done with wheat, rye, barley, and
oats flours and saline as negative control with Finn
chamber® aluminum cups on Scanpor® tape (Epit-
est Ltd, Hyryld, Finland). About 10 mg flour was
placed per chamber on filter paper disks and moist-
ened with a drop of saline. The occlusion time was
48 h, and the results were read 30-60 min after re-
moval of the aluminum cups and again at 72 h. The
reactions were graded as follows: ?+ erythema,
+ erythema plus edema.

Laboratory tests

Specific and total IgE antibodies were measured with
commercial radioimmunoassays (CAP, RAST, RIA
for specific IgE; IgE RIA for total IgE, Kabi Phar-
macia, Uppsala, Sweden). RAST values >0.7 were
regarded as positive.

Cereal flour antigens for histamine-release test and
lymphocyte-proliferation test (LPT) were obtained
by extraction from wheat, rye, barley, and oats flours
with sodium acetate buffer, pH 3.8, followed by ex-
traction with sodium phosphate buffer, pH 7.0, as
previously described (4). The extracts were concen-
trated by ultrafiltration with a cutoff of 1 kDa, and
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freeze-dried. In the final cereal flour antigen prepa-
rations, the acetate- and phosphate-soluble fractions
were combined.

The basophil histamine-release test (BHRT) was
done with cereal extracts prepared as described
above and gliadin (British Drug Houses, Poole, UK),
as previously described (20). In brief, washed whole
blood cell suspensions containing basophils were in-
cubated with serial dilutions of antigens or medium
only (tubes for spontaneous histamine release) at
37°C for 30 min. For measurement of total blood
histamine, the samples were heated at 100°C for
10 min. The histamine content of the supernatants
was measured by radioenzymatic assay with
histamine-N-methyl-transferase isolated from rat
kidney (12). The detection limit of this assay was
0.1 ng/ml. The final results were expressed as the
percentage of released histamine out of total blood
histamine. Values were regarded as positive when
the difference between spontaneous and antigen-
induced histamine release was at least 8.

The LPT was done with cells from the five chil-
dren with a positive challenge but negative type I
allergy tests. The LPT was done as previously de-
scribed by incubating venous blood mononuclear
cells in the presence of serial dilutions of cereal an-
tigens for 6—7 days and measuring lymphocyte ac-
tivation on the basis of the uptake of '*’I-labeled
iododeoxyuridine (20). Only medium was added to
the control cultures. The results were expressed as
stimulation indices (SI = uptake of isotope in stim-
ulated culture/uptake of isotope in control culture).
SI values of at least 3.0 were regarded as positive.

IgA and IgG antibodies against gliadin were mea-
sured by a solid-phase enzyme-linked immunoassay
previously described in detail by Vainio et al. (22).
The limits for positivity were >0.25 EU/ml (ELISA
units/ml) for IgA antibodies and =>15.0 EU/ml for
IgG antibodies.

Serum IgA reticulin antibodies were measured by
indirect immunofluorescence with cryostat sections
of rat kidney, liver, heart, and stomach as antigens
(10). Titers =5 were regarded as positive.

Because celiac disease is strongly associated with
HLA-DR3 (8, 25), patients who developed gas-
trointestinal symptoms after cereal challenge were
HLA-DR-typed for differential diagnosis. The typ-
ing was done with a two-stage microlymphocytotox-
icity test. Immunomagnetic beads (Dynal AS, Oslo,
Norway) coated with monoclonal antibodies against
HLA-DR antigens were used for the isolation of
lymphocytes (24). The cells were incubated in the
test plates in the presence of antisera for 20 min at
room temperature, and then rabbit complement was
added. After 20 min, acridine orange and ethidium
bromide were added, and the reactions were read
with a fluorescence microscope.



Statistics

Correlations between various test results were cal-
culated by the Spearman rank correlation test. Sen-
sitivity and specificity were calculated as follows:
sensitivity = percentage of children with cereal al-
lergy correctly identified by immunologic tests out of
all children with cereal allergy or intolerance;
specificity = percentage of children without cereal al-
lergy correctly identified by immunologic tests out of
all children without cereal allergy or intolerance.

Results

Characteristics of subjects with cereal allergy or intol-
erance

Upon challenge, 23 children developed symptoms
from cereals, whereas 16 children remained nega-
tive. Eight children developed immediate symptoms
(nos. 2-9), 14 reacted with delay (nos. 10-23), and
one subject (no. 1) exhibited both immediate and
delayed reactions (Table 1). A period of 2h was
chosen as the limit between immediate and delayed
responses, but most immediate reactors developed
symptoms within 30 min. Delayed reactors exhibited
symptoms several hours after intake of the last
measured-out dose (100 ml) or days after com-
mencement of the provocation. The symptoms of the
patients upon challenge were dermatologic, oropha-
ryngeal, gastrointestinal, or all three; no respiratory
symptoms were seen in this study. Immediate reac-
tors developed generalized or localized urticaria or
erythema (eight cases), or itching or swelling of
mouth and throat (three cases). In delayed reactors,
the symptoms were eczema (13 cases), loose stools
or diarrhea (five cases), or abdominal pain (four
cases).

Several older children with cereal allergy were in-
cluded in our study, and it was therefore of interest
to see whether these children had something in com-
mon. Of the nine children who had not become tol-
erant to cereals by 5 years of age, most exhibited
other atopic diseases in addition to AD and multiple
food allergies. Five had asthma, three asthma and
rhinitis, and one rhinitis. Allergies to egg, milk, fish,
Or nuts were seen in six cases.

Responses in skin and laboratory tests

Results of tests for type I allergy to cereals are shown
in Table 1. RAST detected 16/23 cases with cereal
allergy or intolerance and gave 3/16 false-positive
results. In the prick test, true-positive reactions were
seen in 18/23 cases and false-positive ones in 3/16.
BHRT yielded 16/22 true-positive and 2/16 false-
positive reactions. Calculated on the basis of these
data, the sensitivity and specificity of the RAST,
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Table 1. Reactivity to cereals in type | allergy tests

Total IgE  RAST BHRT*
Subject no.  Age (years)/sex Antigen  kU/I KUI  Prick test %
Children with cereal allergy or intolerance
1 7.9/M Wheat 468 415  +++ 56.8
2 10.9/M Qats 631 135 ++++ B15
3 10.1/M Rye 27400 >50 T 52.0
4 12.7/F Wheat 3910 36.0 ++ 83.1
5 2.8/F Barley 79 <04  ++ 38.5
6 2.2/M Wheat 1950 473  +++ 65.6
7 23M  Rye 65 12 ++++ 284
8 1.4/M Wheat 190 229 +++ 64.1
9 7.6/M Wheat 374 0.6 ++ n.d
10 1.9F  Whet 1630 18 ++ 503
11 1.8/M Wheat 2190 1.7 +++ 63.3
12 28/M  Wheat 53 15 ++ 336
13 15.3/F Wheat 25330 >50 ++4 51.8
14 42M  Wheat % 35 +++ 584
15 51/M  Wheat 1630 27  ++ 456
16 8.6/M Wheat 2060 2.0 ++ 21.3
17 2.5/M Wheat 6580 221 +++ 447
18 3.0/F Wheat 143 2.5 ++ 9.4
19 4.8/M Wheat 123 <0.4 - 2.3
20 3.3/M Rye 11 <0.4 - 4.2
21 4.0/M Wheat 9 <04 = 6.6
22 5.4/F Wheat 241 <04 - 1.9
23 1.8/F Wheat 7 <0.4 - 6.5
Atopic controls
24 1.4/F Wheat 344 <0.4 - 79
25 2.9/F Wheat 26 <0.4 - 2.9
26 1.9/F Oats 28 <04 - 4.1
27 4.0/M Wheat 819 <04 - 2.7
28 3.2M Wheat 16 <04 - 4.0
29 2.8/F Wheat 2520 <0.4 - 1.8
30 1.8/M Wheat 181 0.4 + 8.2
31 14.8/M Wheat 51 <0.4 = 6.8
32 9.4/F Wheat 613 <04  ++ 1.1
33 9.2/M Wheat 407 <0.4 ++ 9.5
34 12.8/M Wheat 231 <0.4 - 6.3
35 1.2/F Barley 261 1.0 - 3.8
36 11.5/M Barley 84 0.4 + 7.9
37 6.8/F Wheat 74 0.7 - 14.6
38 11.5/F Wheat 1940 1.2 ++ 18.8
39 1.9/M Wheat 745 0.6 - 3

* Results obtairied at optimal antigen concentrations (1-100 pg/mi) are shown, and
positive values are underlined. In subjects 2-9, challenge reactions were immediate, in
nos. 10-23 delayed, and in no. 1 both immediate and delayed. n.d.=not done.

prick test, and BHRT were 69.6 and 81.3%,, 78.3
and 81.3%, and 72.7 and 87.5Y%,, respectively. In
addition, there were significant correlations between
results of different immunologic tests (prick test and
RAST, P<0.001; prick test and BHRT, P<0.001;
and RAST and BHRT, P<0.001).

It is noteworthy that 9/9 subjects with immediate-
onset symptoms exhibited one or more positive re-
actions in type I allergy tests, whereas these tests
failed to detect 5/14 subjects with late-onset symp-
toms. The five children with cereal-induced symp-
toms but negative type I allergy tests were subse-
quently studied with tests of delayed allergy. In three
subjects (nos. 20, 21, and 23), a positive response
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was seen in the patch test, LPT, or both (Table 2).
In two subjects (nos. 19 and 22), no mechanism of
allergy to cereals could be verified by the tests avail-
able (Tables 1 and 2). These children had been re-
peatedly challenged once or twice a year and had
hitherto been positive.

Reactivity to one cereal protein, gliadin, was in-
vestigated in greater detail in children with cereal
allergy or intolerance. Half the patients’ group
evinced type I allergy to gliadin and were positive in
BHRT or in both BHRT and RAST (Table 3). IgG
antibodies against gliadin were detected in 6/18 chil-
dren with cereal allergy or intolerance, and IgA anti-
bodies were detected in 3/18 (Table 3).

Cereal allergy and celiac disease

Because some subjects exhibited gastrointestinal
symptoms upon cereal provocation or had IgA or
IgG antibodies against gliadin, they were further in-
vestigated to confirm or exclude coexistent celiac
disease. None of our patients had a family history of
celiac disease or detectable levels of IgA reticulin
antibodies (data not shown). Eight children devel-
oped gastrointestinal symptoms in response to
provocation, subject no. 17 exhibited only gas-
trointestinal symptoms, and nos. 1, 15, 18, 19, 20,
21, and 23 exhibited both gastrointestinal and der-
matologic symptoms. These eight children were typed
for HLA-DR antigens to establish whether they be-
longed to a risk group for development of celiac
disease. Only one subject (no. 15) was HLA-DR3-
positive (Table 3). This patient was sensitized only
to wheat and could eat other cereals with impunity.
In a subsequent 2-year follow-up, he became toler-
ant to wheat and has at present mild atopic eczema
and allergic rhinitis. The serologic screening tests for
celiac disease (gliadin and reticulin antibodies) have
likewise been negative.

Discussion

The term “food allergy™ refers to an immunologically
mediated adverse reaction and should preferably be
used when involvement of specific hypersensitivity
mechanisms can be confirmed. Immunologic reac-

Table 2. Patch test and lymphocyte proliferation test (LPT) with cereals

Subject no. Patch test LPT* (SI)
19 - 1.56
20 + 2.59
21 1+ 4.41
22 - 0.85
23 + 12.44

* Results obtained at optimal antigen concentrations (25—100 g/ml) are shown.
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Table 3. Reactivity to gliadin and HLA-DR locus antigens in children with cereal allergy
or intolerance

Gliadin antibodies

IgE IgA IgG BHRT*

Subject no. ku/l EU/ml EU/ml % HLA-DR
1 53.6 1.23 32.26 62.2 DR1
2 15.9 010 1550 46.8 n.d.
b <0.4 0.10 5.1 4.3 n.d.
6 5.8 0.12 7.05 67.7 n.d.
7 <0.4 <0.10 5.19 1.4 n.d.
8 7.4 <0.10 3.17 60.5 n.d.

10 <0.4 0.12 22.50 5.5 n.d.

" 2.5 0.32 43.20 58.5 n.d.

13 2.6 1.23 13.66 88.9 n.d.

14 <04 <0.10 4.06 824 n.d.

15 0.7 <0.10 10.00 15.3 DR3,4

16 0.5 <0.10 5.88 8.5 n.d.

17 4.4 0.14 21.07 85.4 DR1,2

18 <0.4 0.13 6.40 9.9 DR4,5

19 <0.4 0.16 32.15 2.1 DR2,6

20 <0.4 <0.10 0.80 1.7 DR1,8

21 <0.4 <0.10 1.02 2.6 DR2,4

23 0.4 <0.10 5,93 6.1 DR6,8

* Positive values underlined. n.d. =not done. EU=ELISA units.

tivity to cereals could be verified in 21/23 challenge-
proven cases in the present investigation by com-
bining type I and type IV allergy tests. Our challenge-
positive cases were therefore designated as cereal
allergy or intolerance.

Cow’s milk allergy has been a common topic in
studies on food allergy; hence, epidemiologic data
on the prevalence of this food allergy are available.
Cereal allergy has been investigated less extensively,
and its prevalence, clinical features, and diagnosis
are less clear. We cannot present any epidemiologic
data on the frequency of cereal allergy, but, from our
clinical experience, allergy to ingested cereals is more
common than generally believed. Especially among
older children and adults, one more frequently en-
counters atopic patients with allergy to cereals than
to milk. Several older children with cereal allergy or
intolerance were included in the present study. We
found that retention of allergy to cereals in subjects
over 5 years of age was associated with allergies to
other foodstuffs and with respiratory atopic diseases.
In a follow-up study by Guillet & Guillet, food al-
lergy was a prognostic factor for the development of
respiratory symptoms (9). There is evidently a clus-
tering of allergic and atopic diseases reflecting more
severe disturbances of basic immunologic mecha-
nisms.

The discrepancy between different centers per-
forming food challenges in the onset of provocation-
induced symptoms is surprising. Some investigators
rarely see delayed reactions to foodstuffs (6),
whereas, according to the experience of others (1, 13,



14) and ourselves (20), delayed reactions are com-
mon, at least in milk and cereal allergies. Investiga-
tors supporting the view that most food-allergic re-
actions are immediate-onset generally apply a fast
provocation schedule. It is conceivable that admin-
istration of a relatively large amount of food in a
short time favors the development of early symp-
toms. Some immediate food reactions are so obvi-
ous that there is no need to refer the patient to hos-
pital for further investigation. Therefore, the real
proportion of immediate food reactions is probably
higher than that seen in hospitals or allergy research
centers; nevertheless, delayed reactions are com-
mon, at least in the case of some foodstuffs.

How food challenges should be done is also in
dispute. A protocol of placebo-controlled, double-
blind challenges is firmly favored by US centers (6),
but this has also been criticized (15). In fact, there
is no ideal challenge protocol. In open challenges,
patients’ and doctors’ attitudes and expectations
may affect the outcome. The main difficulty with the
double-blind food challenge is how to apply this pro-
tocol to delayed reactors. Some patients require sev-
eral days’ provocation and large antigen doses be-
fore symptoms develop. For increased reliability of
open or blind food challenges, it would be worth-
while to ignore vague symptoms, lengthen the chal-
lenge schedule when necessary, and follow up the
patient after challenge.

Tests such as the prick test, RAST, and BHRT
are generally applied to confirm the involvement of
type I allergy mechanisms in adverse reactions to
foodstuffs. According to previous investigations, the
value of these tests has been doubtful in the case of
cereal allergy (4, 11, 19). However, the numbers of
challenged patients in these studies were small, and
there was no clear distinction between immediate
and delayed reactions. In the present investigation,
all subjects with cereal-induced immediate symp-
toms were positive in one or more type I allergy tests,
but 5/14 subjects with a delayed reaction pattern
remained negative in these tests. These five children
were further studied with tests of type IV allergy,
with a positive outcome in three cases. Patch test-
ing is generally used to study allergy to low-mol.-
mass, haptenic contact sensitizers, but this method
can also be used in food allergy (7, 18, 20). Food
patch tests tend to be weaker than reactions induced
by ordinary contact sensitizers; thus, it may be more
difficult to distinguish allergic from irritant reactions.
The LPT is another test that could be applied if type
I allergy tests remain negative. This test has previ-
ously been used to confirm allergy to milk, soy, and
egg (1, 17, 20, 23).

Cereals, like many foodstuffs, contain various
antigenic proteins. Special interest has been focused
on the gliadin fraction because of its connection with
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celiac disease. Here we investigated whether atopic
subjects with cereal allergy or intolerance reacted to
gliadin. Half of the patients exhibited a positive re-
sponse to gliadin in type I allergy tests. In earlier
investigations, IgE antibodies against gliadin were
found in some patients with baker’s asthma (5, 6).
When ingested or inhaled, gliadin is evidently ca-
pable of inducing type I allergy, at least in some
subjects. IgA or IgG antibodies against gliadin were
elevated in about 409, of our patients with cereal
allergy or intolerance. Determination of these anti-
bodies is used as a serologic test for celiac disease.
The test is not specific for celiac disease, about 109,
false-positive results having been reported in healthy
controls (3, 21). Among atopics and subjects with
cereal or other food allergies, the proportion of false-
positive values in IgA/IgG gliadin antibodies ap-
pears to be even higher.

Upon challenge with cereals, eight of our atopic
children developed gastrointestinal symptoms. Diag-
nosis of cereai allergy does not rule out celiac dis-
ease, and the possibility of coexistent celiac disease
was therefore further investigated. The diagnosis of
celiac disease is based on the histologic analysis of
a small intestinal biopsy and favorable response to
an elimination diet. However, an intestinal biopsy is
useless if the patient avoids gluten-containing cere-
als because of allergic symptoms. Measurement of
IgA reticulin antibodies is a reliable serologic test in
childhood celiac disease (10), but, like the biopsy, it
is dependent on gluten challenge. Reticulin anti-
bodies were measured in our patients with cereal
allergy or intolerance, but the negative results ob-
tained were inconclusive in many cases because of
inadequate intake of gluten-containing cereals. Some
85-95% of Scandinavian children with celiac dis-
ease express the HLA-DR3 antigen (8, 25). Our pa-
tients with cereal-induced gastrointestinal symptoms
were therefore HLA-DR-typed, and one subject was
found to be DR3-positive. This patient became tol-
erant to wheat with time and probably does not have
celiac disease. Evidently, our patients with gas-
trointestinal symptoms suffered from cereal allergy
without coexistent celiac disease. With the aid of
newer methods such as determination of HLA-DQ
gene markers and 7y /3-T-cell-receptor-positive cells
in intestinal biopsies, the diagnosis and differential
diagnosis of celiac disease will be improved, and
selection of susceptible patients for follow-up will be
better accomplished (16).

Our patient material was restricted to children
with AD. In this group, type I or IV hypersensitiv-
ity to cereals could be verified in 21/23 challenge-
proven cases. It is an advantage if a panel of differ-
ent laboratory tests can be used to confirm clinical
hypersensitivity. Subjects sensitized to cereals fre-
quently react to gliadin in immunologic tests; never-
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theless, the coexistence of cereal allergy and celiac
disease seems to be rare.
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