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Abstract
Background: Diagnosis of food allergy is difficult in children. Food allergies are diagnosed using
several methods that include medical histories, clinical examinations, skin prick and serum-specific
immunoglobulin E (IgE) tests, radio-allergosorbent test (RAST), food challenge, and supervised
elimination diets. In this study we evaluated allergies to cow's milk, egg, peanut, and fish in children
with suspected food allergies with skin prick tests and serum and feces RAST.
Methods: Forty-one children with clinical symptoms of food allergies were enrolled in the study. Skin
prick tests and serum and fecal RAST were performed and compared with challenge tests.
Results: The most common sites of food allergy symptoms were gastrointestinal (82.9%) and skin
(48.8%). 100% of the patients responded to the challenge tests with cow’s milk, egg, peanut, and
fish. 65% of the patients tested positive with the skin prick test, 12.1% tested positive with serum
RAST, and 29.2% tested positive with fecal RAST.
Conclusions: The skin prick test was more sensitive than serum or fecal RAST, and fecal RAST
was more than twice as sensitive as serum RAST.
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Introduction
A food allergy is an adverse immune response to a
food protein. Children with atopic diseases are more
likely to have food allergies than children without
them. Approximately 30% of atopic children have
this problem with moderate to severe scores (1, 2).
Food allergies are highly prevalent in preschool
children (3). About 4% to 5% of children between 5
and 17 have at least one food allergy.
Food allergies are usually diagnosed using
methods that include medical histories, clinical
examinations (4), skin prick tests (SPTs) (5, 6),
serum-specific immunoglobulin E (IgE) tests using

the radioallergosorbent test (RAST), oral food
challenge, and elimination diets (7-10).
An alternative method for food allergy diagnosis
was established by Kolmannskog and Haneberg in
1985 (11). They detected specific IgE by a doubleantibody radioimmunoassay technique (PRIST) in
the feces of children with gastrointestinal allergy,
atopic dermatitis, hay fever, and/or bronchial asthma.
They concluded that IgE may be produced in the gut
in response to food allergens. Therefore, a positive
correlation may exist between specific fecal and
serum IgE levels (7). In present study we aimed to
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measure the sensitivity of the SPT, and serum and
fecal RAST in pediatric patients with food
allergies. Due to the importance of cow's milk,
egg, peanut, and fish in pediatric allergy (2-6), we
used these four as allergenic foods in our study.

Materials and Methods
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Study participants
This cross-sectional analytical study included 41
children who were referred to the pediatric
gastrointestinal clinic for evaluation of suspected IgEmediated food hypersensitivities. If a patient's history
and SPT indicated food hypersensitivity, the patient
was referred to the Allergy Research Center of
Mashhad University of Medical Sciences for blinded
oral food challenges to verify the diagnosis. Patient
sera were obtained at the initial visit to quantify food
specific IgE antibodies. Our inclusion criteria were
age greater than three months, and all the patients had
at least one manifestation of food-allergic IgEmediated hypersensitivity such as gastrointestinal
symptoms, urticaria, eczema, or wheezing. Patients
receiving antibiotics and/or corticosteroids were
excluded from the study.
Informed consent was obtained from all the
parents. All clinical symptoms including urticaria,
eczema, wheezing, diarrhea, growth disorders, and
histories of allergic diseases, including allergic
rhinitis, asthma, and drug reactions were assessed.
The study was approved by the Ethics Committee of
Mashhad University of Medical Sciences.
Laboratory studies
We performed oral food challenge, and serum and
fecal RAST, for all 41 patients to assess the
sensitivity of these diagnostic tests and compare
them to each other. The SPT was performed on 36
patients; five patients were excluded from the SPT
study due to not referring to the clinic and/or using
antihistamines.
Skin Prick Test
The SPT was performed as described in the European
Academy of Allergy and Clinical Immunology
manual (12). Food extracts of cow’s milk, egg, peanut,
and fish (1:10 or 1:20, kindly provided by Greer
Laboratories, Lenoir, NC, USA) were applied by
means of the prick technique, along with positive
histamine controls. Food allergens with mean wheal

diameters at least 3 mm greater than the positive
controls were considered positive.
Oral food challenges
All the children in the study were orally challenged
with the four food allergens and a placebo (13).
Children taking antihistamine (predominantly
Cetirizine) were advised to avoid it for 72 h before
provocation. Topical glucocorticosteroids were
allowed twice a day at maximum concentrations of
1% for hydrocortisone and 0.01% for betamethasone.
Samples were ingested in stepwise increments
equaling 1/16, 1/16, 2/16, 4/16, and 8/16 of the final
amount every 15 minutes so the total amount would
be ingested in 60 min. Our controlled oral food
challenges were performed on 41 patients under
single blinded, placebo-controlled conditions. The
time interval between doses was 15 minutes. The oral
food challenge was carried out under the supervision
of an allergist and a nurse with emergency equipment
available. The provocation was stopped if clinical
symptoms occurred or the when highest dose was
reached. The patients were observed for 48 h after
each challenge on an in-patient basis to detect late
clinical reactions. The food challenges were
considered positive if respiratory (wheezing),
gastrointestinal (vomiting, diarrhea, abdominal pain),
or cutaneous (skin eruptions, pruritus, urticaria,
worsening of eczema) symptoms, or shock,
developed after food ingestion. We evaluated the
early reactions with symptoms occurring within two
hours after food ingestion and late reactions with
symptoms occurring more than two hours after
ingesting the highest dose.
Radioallergosorbent Test (RAST)
We performed RAST to assess allergen-specific IgE
for the four foods using a Pharmacia ImmunoCAP
250 analyzer (Phadia, Uppsala, Sweden) according
to the manufacturer’s recommendations. Briefly, 50
cc of serum were dispensed in cups containing
allergen covalently coupled to ImmunoCAP, which
is a cellulose derivative. After 30 minutes of
incubation, the excess sample was removed.
Enzyme-labeled anti-IgE antibodies were added and
the contents allowed reacting for 30 minutes at 37
°C. After incubation, unbound enzyme-linked antiIgE was washed away and bound complexes were
incubated
with
developing
agent
(4-
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methylumbelliferyl-beta-D-galactoside) for 10
minutes. During this time the substrate was cleaved
and the fluorescing product, 4-methylumbelliferon,
was released. Test response was detected by
measuring the fluorescence activity. Fecal RAST
was also performed on samples from all the
subjects. Specific IgE for the four food allergens was
measured by immunoblotting. Due to the high
concentrations of enzymes and gastric acids in the
stool samples, the pH of reaction container was set
on 6.5 to 7 at first and then all samples were
processed identically to the serum samples.
Statistical analysis
SPSS for Windows, version 11.5 (SPSS Inc., Chicago,
IL, USA) was used in all statistical procedures.
Numerical data are expressed as means ± SDs or as
proportions of the sample size. Differences in
proportions were judged by the χ2 test. P-values < 0.05
were considered statistically significant. Two-by-two
tables were used to calculate the sensitivities,
specificities, positive predictive values (PPVs), and
negative predictive values (NPVs). Test sensitivity was
defined as the proportion of true positives detected, and
specificity as the proportion of true negatives detected.

The PPV describes the proportion of symptomatic
individuals among test positives, and the NPV
describes the proportion of non-symptomatic
individuals among test negatives.

Results
The present study included 41 patients. Twenty
were males and 21 were females. Their mean age
was 18.48±14.54 months and their ages ranged
from 3 months to 5 years. Onset of allergy
symptoms varied from birth to 30 months of age.
Among our study participants, 29 children
(70.7%) had positive family histories of food
allergies and 11 (26.8%) had history of other
allergic diseases including asthma, allergic
rhinitis, and drug allergies. The clinical allergy
symptoms included gastrointestinal symptoms,
containing diarrhea, abdominal pain, and
vomiting, in 34 children (82.9%), cutaneous
symptoms, including urticaria, in 20 children
(48.8%), growth disorders in 13 children (31.7%),
and respiratory symptoms, including wheezing, in
9 children (22%). No gender difference in food
allergy prevalence was observed (P=0.45).

Table 1. Number and percent of patients who tested positive for each food with the diagnostic tests.
Test

Milk (%)

Egg (%)

Peanut (%)

Fish (%)

Total (%)
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Skin Prick Test
9 (22)
7 (17.1)
8 (19.5)
3 (7.3)
*27 (75)
RAST
1 (2.4)
4 (9.7)
0
0
5 (12.1)
Fecal RAST
1 (2.4)
6 (14.6)
5 (12.1)
0
12 (29.2)
Challenge test** 14 (34.1)
1 (2.4)
5 (12.8)
0
41 (100)
* Skin Prick Test performed for 36 patients. ** Challenge test: Milk +peanut = 11 (26.8), Milk + fish = 1 (2.4), Milk + egg = 6 (14.6), Peanut +
Fish = 1 (2.4), Peanut + Egg = 1 (2.4).
Table 2. Diagnostic capacity of skin prick test, RAST, and Fecal RAST for oral food challenges
Tests
Milk (%)
Egg (%)
Peanut (%)
Fish (%)

Sensitivity
Specificity
SPT*
PPV
NPV
Sensitivity
Specificity
RAST
PPV
NPV
Sensitivity
Specificity
Fecal RAST
PPV
NPV

21 (6.9-35.1)
55 (22.5-87.5) 26 (6.3-45.7)
100 (1-1)
88 (66.8-1)
81 (64.7-94.6) 68 (48.5-87.5) 86 (46.7-1)
87 (66.7-1)
71 (37.4-1)
55 (22.5-87.5) 100 (1-1)
28 (11.4-46.7) 83 (70.9-95.1) 55 (36.2-73.8) 100 (1-1)
3 (2.9-2.9)
33 (2.3-64)
------100 (1-1)
93 (84.3-1)
53 (37.7-68.2) 100 (1-1)
100 (1-1)
75 (32.5-1)
------28 (11.4-46.7) 83 (70.9-95.1) 53 (37.7-68.2) 92 (83.7-1)
3 (2.9-2.9)
55 (23.1-88.1) 26 (6.3-45.7)
---100 (1-1)
96.8 (90.7-1)
100 (1-1)
100 (1-1)
100 (1-1)
83.3 (53.4-1)
100 (1-1)
---28 (11.4-46.7) 88.6 (79-99.1) 61 (45.1-79.8) 92 (83.7-1)
* SPT; Skin Prick Test, Number in the parenthesis shows the confidence interval (CI), PPV, positive predictive value; NPV, negative
predictive value.
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The number and percent of patients who tested
positive with each test for the various food
samples is shown in Table 1. Table 2 shows the
diagnostic capacity of each test.Of the four
allergens tested, we found that the oral food
challenge was most sensitive for cow’s milk
(22%) and peanut (19.5%). The oral food
challenge test was positive for all four allergens,
so the specificity and predictive value of this test
was not measurable by statistical means. Of the 36
children tested with the SPT, 27 (75%) were
positive to at least one of the four foods. Skin
prick test results showed that this test was most
sensitive to fish, followed by egg, peanut, and
cow’s milk.
Of the 41 cases, serum RAST was positive for
five (12.1%) and fecal RAST was positive for 12
(29.2%). Serum RAST sensitivity was greater for
egg than milk. The sensitivity order for fecal
RAST was egg, peanut, and then milk. Neither
test was sensitive to fish allergen.
We found that the specificities of SPT, serum
RAST, and fecal RAST for the four allergens
were 65, 12.1, and 29.7%, respectively.
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Discussion
Simple, straightforward diagnostic tests for suspected
food allergies in children are in great demand. Similar
to previous studies (14, 15), we found the most
common clinical symptoms in pediatric food allergies
to be gastrointestinal and cutaneous. In addition, as in
previous reports (14-16), the prevalence of food
allergy did not differ between genders.
According to previous reports, a positive SPT
does not necessarily prove a food allergy is clinically
relevant (16). Thus, the specificity of the SPT for the
outcome of oral food challenges is limited. Previous
studies concluded that both serum IgE tests and SPT
are sensitive and have similar diagnostic properties
(17-20). The immediate results visible to the patient
and family and low cost compared with serum IgE
tests are the valuable advantages of the SPT.
However, the need to withhold medications with
antihistamine properties, having rash-free skin
available for the test, and restlessness in children
during the SPT are disadvantages. Advantages of
serologic tests include their availability, lack of
interference from antihistamines, and lack of

extensive dermatitis. Disadvantages include the need
to obtain blood samples, delayed results, and cost (16,
21-23).
In our study the food challenge test was most
sensitive to cow’s milk and the SPT was most
sensitive to fish. Oral food challenge, serum RAST,
and fecal RAST were negative for fish allergy.
However the negative response of the RAST tests to
fish allergen might be due to application of fish
extract of brine water, while for SPT we used fish
extract of fresh water.
In the present study, we found 100 and 75% of
patients were positive by food challenge and SPT
respectively. The order of SPT sensitivity was cow’s
milk (22%) and then peanut (19.5%) contrary to
previous results, which found SPT sensitivity was
highest to cow’s milk and egg (6, 24, 25). Although
reported results varied, ranging from 50 to 90%, with
regard to the sensitivity and specificity of SPT (6), we
found the sensitivity of SPT to be 65%, with 100%
positive predictive value.
Verstege et al found that 43% of 385 children
were positive to oral food challenges (24). Regarding
the efficacy of the SPT, they concluded that the
predictive decision points for a positive outcome of
food challenges can be calculated for egg and cow’s
milk using weal size; therefore, oral food challenges
may be avoided. However, Imai et al found that the
diagnostic accuracy of the SPT had not been
satisfactory to judge the acquisition of tolerance in
allergic children for eggs, milk, and wheat. They
concluded that the evidence is not sufficiently strong
to test the tolerance of the immediate type food
allergy (25).
We found serum and fecal RAST sensitivities to
be 12.1 and 29.7%, respectively. Until now,
sensitivity of fecal RAST had not been investigated.
Kolmannskog et al. reported that IgE was increased
in stool samples of food-allergic cases with
gastrointestinal symptoms (11). In our study of 41
cases, fecal RAST was positive for 12 (29.2%) for
all allergens, and egg (50%) and peanut (41.6%)
were the highest individual allergens. Serum RAST
and SPT had the highest specificities for cow’s milk,
followed peanut and egg. The sensitivity of serum
RAST was lower than in previous studies, which
reported 62 and 50%, respectively for cow’s milk
and egg (26, 27). This result might be due to the
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small sample size and small amount of allergen used
in this study.
Due to positives of oral food challenge test for all
cases, we could not measure its sensitivity or
negative predictive value. Although fecal RAST
sensitivity was lower than that of SPT, the authors
recommend using fecal RAST due to its greater
sensitivity than serum RAST and its simple
sampling compared to SPT. We recommend further
studies with larger sample sizes and double-blinded
placebo-controlled oral food challenge tests to detect
the real specificity and negative predictive value of

fecal RAST compared to serum RAST, oral food
challenge, and the SPT.
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