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Reliability of tests for specific IgE
to food in atopic dermatitis
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The pathogenesis of AD is poorly understood,
and studies exist which demonstrate the role of a
genetic predisposition and environmental factors
(4, 12, 20, 30). However, a relationship between
food allergy and AD is indicated by a great deal of
data, from which we can draw some conclusions
(4, 17, 23): positive family history for atopic dis-
eases are reported in most AD children; AD chil-
dren frequently develop other atopic diseases;
elevated serum IgE levels and positive immediate
skin and radioallergosorbent (RAST) tests to die-
tary antigens are frequently positive in AD chil-
dren; specific foods are able to provoke AD in
some children; elimination diets are effective in
the treatment in some AD children; manipula-
tion of the diet in early infancy may affect the
subsequent incidence of AD.

However, the pediatrician treating a child
with AD often experiences several difficulties in
detecting the offending food(s). Clinical history
(CH), skin test (SPT), RAST, elimination diets
and food challenges have been reported to be
able only partially elucidate the problem (4, 11,
19, 26). In this paper we report our experience
in diagnosing food allergy in children with AD.

MATERIAL AND METHODS

Children

Patients ranging in age from 0 to 5 y (median
4.6) referred for evaluation of AD were studied.

This study was supported in part by the Italian Consiglio
Nazionale delle Ricerche (Grants N. 87.01549.04 and
87.00254.56).

All subjects fulfilled the criteria of Hanifin &
Lobitz (16) for the diagnosis of AD. On the
basis of the area of the skin involved, AD was
classified as mild, moderate, or severe (24).

Historical data

A detailed clinical history with particular atten-
tion to the possibility that foods may induce or
aggravate AD was obtained. The parents also
were questioned to determine the presence of
other atopic disorders and the presence of al-
lergic disease in other family members.

Skin testing

Glycerinated extracts (1/20 w:v) of the 9 more
important foods (egg, milk, peanut, tomato,
wheat, potato, rice, codfish and soybean) and
the most common inhalant substances (Z). ptero-
nyssinus, grass pollen, Parietaria officinalis, Artemi-
sia vulgaris, olive, cat dander, Alternaria tenuis)
were selected for this study (Bayropharm, Mi-
lan).

Prick testing was performed by placing a
drop of extract on the forearm and lifting the
skin with a suture needle introduced through
the drop of extract. Histamine (1 mg/ml) and
glycerinated saline were used as positive and
negative controls, respectively.

All skin tests were applied and evaluated
after 15-20 min by the same pediatrician. Anti-
gens eliciting a wheal ^ 3 mm than control
were considered positive (8).
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Table 1

Frequency of cutipositives to foods and/or inhadants according to age, in children with atopic dermatitis

Positive to:
Age 0-2 y

(n = 26)'
Age 3-8 y

{n = 68)
Age > 9 y
(n = 18)

Foods
Foods and inheJants
Inhalants
Negative

14(53.8%)
2 (7.9%)
1 (3.8%)
9 (34.6%)

23 (33.8%)
21 (30.8%)

17 (25%)

1 (5.6%)
9(50.1%)
2 (10.2%)
6 (33.3%)

0.03455
0.01931

n.s.
n.s.

Laboratory evaluation

The laboratory evaluation included a measure-
ment of total IgE (PRIST®, Pharmacia, Up-
psala) in 112 subjects and specific IgE to some
foods in 51 (RAST®, Pharmacia, Uppsala).

Serum samples for IgE determination were
frozen at -20°C until tested. RAST results
were recorded as a score ranging from 0 to 4,
based upon four Pharmacia reference standards
(PRU/ml), as described in the RAST package
insert. Positive RAST = RAST PRU/ml; class
2 or more ( > 6% of the total activity bound).

Pood challenges

Eifty-nine challenges were performed in 35 chil-
dren. Only 4 foods were considered (milk, egg,
peanut and tomato). Eood challenges were per-
formed on the basis of a positive SPT and/or a
suggestive history of food allergy. Children with
histories of severe reactions (anaphylaxis, severe
immediate cutaneous or respiratory manifesta-
tions) were excluded from the study. On the
basis of SPT and CH, parents were instructed
to eliminate up to 6 suspected food allergens
from the child's diet for 1-2 weeks and to
discontinue drugs (antihistamines for at least 7
days, pj-agonists for 24 h, topical steroids for
4-5 days, oral steroids for 10-14 days).

DBEC were performed by mixing the de-
hydrated food (Lofarma AUergeni, Milano) in
20-50 ml of water or soymilk with cherry or
apricot syrup to mask the taste, similar to that
described by Sampson et al. (24). Up to 8 g of
dehydrated food were given in a 1-h period.

Two challenges separated by at least 4 h were
administered each day, one containing the sus-
pected food antigen and the other containing a
placebo.

If the challenge was negative, the patient was
allowed to continue the ingestion of the food in
a quantity normally adequate to age. Symp-
toms resulting from positive food challenges
were recorded in relation to severity, time-
course and duration.

Statistics

The results of the DBEC were considered the
"gold standard" for determining sensitivity,
specificity and indices of predictive accuracy of
skin testing and RAST. The sensitivity of
RAST was calculated by dividing the number
of positive DBEC correctly identified by RAST
by the total number of positive DBEC; while
the specificity was calculated by dividing the
number of negative food challenges correctly
identified by the total number of negative food
challenges.

Positive predictive accuracy was calculated
by dividing the number of positive food chal-
lenges correctly identified by the allergy test
(i.e. SPT or RAST) by the total number of
positive allergy test results.

The negative predictive accuracy was deter-
mined in a similar manner by dividing the
number of negative food challenges correctly
identified by the total number of negative al-
lergy test results. Chi-square test was used to
compare frequencies.

RESULTS

Seventy-two out of 112 (64.2%) children with
AD had positive SPT to one or more food
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antigen(s). In 38 AD children (33.9%) SPT
were positive to food antigens alone, whereas in
34 (30.3%) positive SPT to food were associ-
ated with positivity to inhalant antigens.

When SPT results in AD children were con-
sidered according to age (Table 1), older AD
children showed a significant decrease in posi-
tivity to foods alone, and a significant increase
in positivity to both foods and inhalants. No
statistically significant difference was observed
in the proportion of AD patients SPT positive
to inhalants alone, or SPT negative to both
food and inhalant antigens. In Table 2, results
of SPTs to inhalants are reported according to
age.

Abnormally increased IgE levels (i.e. above 2
SD from the mean for age in a general pediatric
population (31)) were observed in 58 out of 112
(51.7%) children with AD. The frequency of
abnormally increased IgE levels significantly
{P = 0.0497) increased with the severity of the
disease, since they were observed in 17 out of
44 (38.6%) mild AD, in 24 out of 43 (55.8%)
moderate AD, and in 17 out of 25 (68%) severe
AD.

The frequency of positive SPT and RAST to
nine food antigens is reported in Table 3.

A significant positive CH for five food anti-
gens was reported in 79 cases. Concordance
between a positive CH and SPT or RAST is
reported in Table 4. Concordance between a
negative CH and SPT or RAST is reported in
Table 5. Fifty-nine DBEC were performed in
35 children; 34 positive food challenges were
observed [milk 15/23 (65.2%), egg 12/18

Table 2

Frequency oi cutipositives to inhalants, according to age, in
children with atopic dermatitis

Allergen
Age 0-2 y

{n = 26)
Age 3-8 y

(n = 68)
Age 9 y
{n = 18)

Dermatophagoides

Grass pollen
Parijtaria officinalis

Artemisisa vutgaris

Cat dander
Aitemaria tenuis

Olive

1 (3.8%)
1 (3.8%)
1 (3.8%)
0
0
0
0

14(20.5%)
15 (22.0%)
3 (4.4%)
6 (8.8%)
4 (5.8%)
3 (4.4%)
3 (4.4%)

6 (33.3%)
4(22.2%)
3 (16.6%)
2 (11.1%)
8 (44.4%)
2 (11.1%)
4 (22.2%)

(66.6%), tomato 2/9 (22.2%), peanut 5/9
(55.5%)] in 24 children (Table 6).

Symptoms induced by DBFC were cutaneous
in 27/35 positive challenges (79.4%), gastroin-
testinal in 10 (29.6%) and respiratory in 5
(14.7%). Sensitivity, specificity and predictive
indices of SPT and RAST, calculated on the
basis of food challenges results, are reported in
Table 7.

DISCUSSION

The purpose of this study was to investigate the
significance and reliability of SPT and labora-
tory tests in the diagnosis of AD.

It is well known that most children with AD
have positive SPT and RAST to various dietary
and environmental allergens, but the usefulness
of these tests in detecting the true offending
food is controversial (5, 14, 24, 25). The fre-
quency of positive skin tests to foods found in
children with AD is significantly higher than
that observed in a general pediatric population
(12). When SPT response to food and inhalant
antigens were compared in different ages, most
children initially were found to be positive only
to foods, but subsequently presented sensitivity
to inhalants. The frequency of subjects with
constantly negative SPT did not change. This
pattern of sensitization is quite different from
that of atopic respiratory diseases which occur
later in childhood.

The development of sensitization to inhalants
in children with AD progresses with age. Of

Table 3

Frequency of positive skin tests and RAST in 112 children
with atopic dermatitis

Food antigen

Egg
Milk
Peanut
Potato
Wheat
Tomato
Rice
Cod
Soy

Positive SPT

48 (42.8)
28 (25.0)
21 (18.7)
19(16.9)
13 (11.6)
11 (9.8)
11 (9.8)
9 (8.03)
4(3.5)

Positive RAST

38 (33.9)
30 (26.7)
20 (17.8)
17 (15.1)
27 (24.1)
18 (16)
33 (29.4)
13 (11.6)
24 (21.4)
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Table 4

Concordance between positive clinical history and skin tests
or RAST

Table 5

Goncordance between negative clinical history and skin tests
or RAST

Positive clinical
history for:

Cod (n = 6)
Egg(n= 15)
Tomato (n = 10)
Milk (n = 33)
Peanut {n = 15)

Goncordance with

SPT

4(66.6%)
9 (60.0%)
3 (30.0%)
4(12.1%)
8 (53.3%)

RAST

4(66.6%)
8(53.3%)
1 (10.0%)

10 (30.3%)
8 (53.3%)

Negative clinical
history for:

God {n = 106)
Egg {n = 97)
Tomato {n = 102)
Milk (n = 79)
Peanut {n = 97)

Goncordance with

SPT

98 (92.4%)
40(41.2%)
93 (91.1%)
58 (73.4%)
77 (79.3%)

RAST

80 (75.4%)
63 (64.9%)
82 (80.3%)
52 (65.8%)
77 (79.3%)

particular interest is the elevated frequency
(44%) fo sensitization to cat dander in children
9 y of age. The potential importance of non-
food environmental allergens, such as mites,
pollens and animal dander, in aggravating the
AD has been reported (5). Adinoff et al. (3)
were able to induce delayed response (with a
patch-test) in a group of subjects with AD. Skin
inflammation might be the first step allowing
increased allergen penetration, presentation to
the immunoreactive cells, and development of
sensitivity. Therefore, if foods have relevance
mostly in the initial establishment of AD, its
continued aggravation may result from the pas-
sage of intact soluble infant antigens through
the inflamed skin.

It has been demonstrated that the total IgE
concentration roughly correlates with severity of
AD (21) with a significant difference in IgE
levels between mild and severe AD.

Sampson (27, 28) reported a significant de-
crease in total IgE and improvement in clinical
status in AD children who complied with an
appropriate long-lasting elimination diet. This
did not happen in patients who failed to comply
or who had no demonstrable reactions to vari-
ous DBFC. It seems, therefore, that a link does
exist between IgE response, diet and severity of
disease, but as previously outlined, the signif-
icance of specific IgE antibodies to foods in AD
is controversial.

IgE to egg and milk and foods are often
detected in children with AD by SPT or RAST.
SPT and RAST identify about the same fre-
quency of positive subjects for egg, milk, pea-
nut, potato, tomato and codfish, while for other

foods, such as wheat, rice and soybean, RAST
shows a higher sensitivity. These discordant
results may be due to variables both in SPT
(quality of extracts, etc.) and in RAST (high
levels of IgE with non-specific binding, etc.)
(14).

The predictive value of SPT and RAST de-
pends largely upon the criteria used for the
diagnosis of food-induced AD. Most of the ear-
lier studies were based on CH for diagnosis of
food allergy and the concordance found with
SPT and/or RAST was variable in relation to
the type of CH (unequivocal, convincing, pos-
sible, doubtful) and to the type of symptoms
(immediate or delayed) (2, 9, 10, 29, 32).

In the present study concordance between
positive (possible) clinical history and positive
SPT or RAST is good (50-60%) for codfish
and egg, and poor (10-30%) for milk and to-
mato, whereas negative concordance was gener-
ally good (from 70 to 100%) for all foods except
milk and egg.

Table 6

Results of food challenges performed in 35 children with AD

Antigen
challenge

Milk
Egg
Tomato
Peanut

Positive
chaillenges

n (%)

15 (65.2)
12 (66.6)
2 (22.2)
5 (55.5)

Negative
challenges

n (%)

8 (34,7)
6 (33.3)
7(77.7)
4 (44.4)

Total

23

18

9
9

Total 34 (57.6) 25 (42.3) 59
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Table 7

Sensitivity, specificity, and predictive indices for 4 food
antigens in children with atopic dermatitis

Milk

Egg

Tomato

Peanut

s
f

V

g

s
f

V

g

s

f
V

g

s
f

V

g

SPT

0.28
0.80
0.66
0.44

1

0.25
0.60
0.75

1

0.66
0.40
1

1

0.50
0.83
0.50

RAST

0.35
0.77
0.71
0.50

0.62
0.33
0.71
0.50

0.14
0.50
0.33
0.25

0.25
1

0.33
0.25

s = sensitivity; f = specificity; v = positive predictive accura-
cy; g = negative predictive accuracy.

It is apparent that the considerable variability
in these values may lead to erroneous conclu-
sions. As a consequence, some researchers (8,
24, 25, 26, 17) proposed to consider DBFC as
the "gold standard" in the diagnosis of food-
dependent AD. In a study by Aas & Johansson
(1), concordance between RAST and single
blind challenge to fish was 93%, with a sensitiv-
ity of 91% and a specificity of 94%. Sampson
& Albergo (25), compared the results of SPT,
RAST and DBFC for eight common antigens
in 40 children with AD.

The food challenge was considered the gold
standard for the diagnosis of food hypersensitiv-
ity; 23 children experienced a positive (cutane-
ous, gastrointestinal or respiratory symptoms)
challenge. Sensitivity, specificity and predictive
accuracy of SPT and RAST were found to be
comparable, with no advantage of RAST alone
or in combination with SPT in the evaluation of
food hypersensitivity in children with AD. They
concluded that SPT and RAST were a very
useful means of excluding the presence of im-
mediate hypersensitivity, but were only a sug-

gestive indicator for identifying food allergy,
which requires more definitive procedures to be
assessed. The role of DBFC in the diagnosis of
food allergy was studied in adults by Bernstein
et al. (7) who found a correlation with a positive
SPT in only 4/13 subjects and by Atkins et al.
(6), who found a higher correlation (9/10 sub-
jects with positive DBFC had positive SPT).

In adults with AD, Pelikan (22) found a 34%
concordance between positive DBFC and posi-
tive RAST in 58 patients, and 76% negative
concordance in 21 subjects, concluding that the
overall correlation between DBFC and RAST
was not significant. In another study, Sampson
et al. (27) performed a total of 514 DBFC in
160 patients aged 3 mo to 24 years (median age
5.3 y). Selection of DBFC was based on SPT or
RAST results and/or a strongly suggestive his-
tory of food hypersensitivity. A total of 180/514
food challenges was interpreted as positive (cu-
taneous responses 79%, gastrointestinal symp-
toms 43% and repiratory symptoms 28%). The
most frequent offending foods were egg (38%),
peanut (24%), milk (11%), fish (7%), soybean
(5%) and wheat (4%). In the present study
comparable results were observed, since about
60% positive DBFC were found in children
with AD, egg and milk being the most impor-
tant foods (Table 6). Fvaluating sensitivity,
specificity and predictive indices for 4 food anti-
gens and considering DBFC as "gold standard"
we found that SPT is more sensitive than
RAST for egg, peanut and tomato, while speci-
ficity is comparable.

However, when considering the positive pre-
dictive accuracy (i.e. how likely a patient is to
have clinical food hypersensitivity if the test is
positive) and the negative predictive accuracy
(i.e. how likely a patient is to have no hypersen-
sitivity if the test is negative) we were unable to
confirm the excellent data of Sampson (25). In
fact, both positive and negative predictive accu-
racy were variable (from 33 to 83% and from
25 to 100%, respectively). This means that
neither SPT nor RAST were useful to confirm
or exclude clinical food allergy. This possibly
depends on some factors (14) that can interfere
with SPT (type of antigen, stability, antigen
purification) or with RAST (non-specific bind-
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ing effect in sera having high level of IgE,
presence of specific IgG, efficiency of binding,
cross-reactions). Season and the releasability of
mast cells at the moment of the test have to be
considered. Again, some food reactions require
the simultaneous presence of another stress fac-
tor such as ingestion of other substances (drugs,
additives), infections, or exercise (15).

The importance of the challenging dose must
also be stressed. The amount of substance nor-
mally used for the challenge (up to 8-10 g
dehydrated food) may be not large enough or
not repeated often enough (13). It is possible to
speculate that complete tolerance to food is
reached after a long period of partial dose-
dependent tolerance.

Support for this view comes from an experi-
ment in 10 milk-intolerant children with AD.
After 1 year of a milk-free diet, we performed a
DBFC with milk, and 5 subjects appeared ini-
tially to tolerate the usual challenging dose (100
ml), but after 7-14 days of free diet, children
relapsed. They presented a gradual improve-
ment when the milk was stopped (Vierucci et
ai., unpublished data). It follows, therefore,
that in the period of partial tolerance it is never
completely possible to disprove food hypersensi-
tivity even when a single DBFC is negative.

According to all these considerations we think
that the term of "gold standard" is inappropri-
ate also for DBFC.

In conclusion, neither the CH nor SPT, nor
the laboratory tests, nor the challenge test are
individually reliable in diagnosing food-depend-
ent AD. They can serve only to strengthen the
diagnosis when they completely or partially
agree.
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