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Background: Positive skin prick test (SPT) and RAST reactions to egg that had never 
previously been ingested have been observed in infants with food allergy. The likelihood of 
having clinical hypersensitivity reactions when egg is first ingested and the predictive value of 
SPT and RAST remain to be elucidated. 
Objective: We investigated the relationship between egg-specific lgE antibodies and positive 
SPT reaction to egg, and the development of clinical hypersensitivity on the first exposure, in 
infants with food allergy. 
Methods: The patient group consisted of 21 infants with food allergy and positive SPT and~or 
RAST reaction to egg, which they had never previously ingested; the control group of 12 
infants had food allergy and negative test results. All subjects underwent double-blind placebo- 
controlled food challenges with egg. 
Results: Thirteen of 21 patients (61%) and one of 12 control subjects (8%) had positive 
reactions to challenges (p < 0.0I). Thirteen positive reactions to challenges (93%) elicited 
immediate symptoms. Late-onset eczema occurred in two children. SPT results showed a high 
sensitivity (0.92) and negative predictive accuracy (0.92), whereas specificity (0.57) and 
positive predictive accuracy (0.61) were poor. RAST did not have any diagnostic advantage 
over SPT. 
Conclusions: In infants with food allergy SPT with egg may be helpful in predicting which 
patients will react to the first exposure. (J ALLERGY CLIN IMMUNOL 1995;95:1215-20.) 
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In infants with food allergy 1, 2 and a high risk of 
allergic disorders, 3-5 a late introduction of highly 
allergenic foods such as egg, into the diet has been 
suggested to prevent sensitization. Nevertheless, in 
such infants the appearance of a positive skin prick 
test (SPT) reaction to egg 6-9 and egg-specific IgE 
antibodiesS-,, 10,11 has been documented. 

The likelihood of these infants having reactions 
when they first receive egg, and the usefulness of 
SPT and RAST as predictors, remain to be eluci- 
dated. Infants with positive SPT 12 and RAST re- 
actions 5 to egg have been sparsely documented to 
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Abbreviations used 
DBPCFC: Double-blind placebo-controlled food 

challenge 
SPT: Skin prick test 

react on the first exposure. The disappearance of 
positive SPT 13 and RAST reactions 6 to egg has 
been reported among infants without signs of 
atopic disease. 

Double-blind placebo-controlled food chal- 
lenges (DBPCFC), SPT, and RAST to egg, which 
had never been previously ingested, were per- 
formed in infants with food allergy, to determine 
whether the results of immunologic tests corre- 
lated with the development of clinical hypersensi- 
tivity reactions. 
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TABLE I. Age, sex, symptoms, and SPT and RAST results to offending food as suspected by 
history, and SPT and RAST reactions to previously uningested food in the patient group 

Offending food 

Case Prick RAST 
No. Age (mo)/sex Food test score Symptoms 

Egg 

Prick RAST 
test score 

9 
10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 

24/M Milk + 1 E + + + + 2 
19/F Milk + 2 E, U, A + + 3 
22/F Milk + + + + 3 U, V, H, M, D, A + + 0 
19/M Wheat + + 2 E + + 2 
15/M Milk + + 1 E + + 0 
26/M Rice + 2 E + + + + 4 

Wheat + 3 E 
24/F Citrus - 0 E + 0 

Tomato - 0 E 
19/F Egg + + 2 E, S, U, A + + 3 

Wheat + + 2 E 
25/M Potato - 2 E - 2 
44/M Milk + + 3 E + + 3 
45/M Wheat - 2 E, U, A, S + + + + 3 

Milk + + 2 E, U 
13/M Milk + + 0 E + + 1 
17/F Milk + 0 E + + + 0 
40/M Milk + + + + 4 E, U + + + 3 

Wheat - 3 E 
39/F Milk - 0 E + + + + 2 
5/M Milk - 0 U + + + 2 

26/M Milk + + 4 E, U + + + 4 
Wheat + 3 E, U 
Pork + + 3 E, U 

20/F Cod - 0 E + + 2 
24/M Milk - 0 E + + + + 3 
20/M Milk - 0 E + + + + 3 
13/F Milk + + 2 E + + 1 

A, Angioedema; D, diarrhea; E, eczema; H, hemathemesis; M, melena; U, urticaria; V,, vomiting. 

M E T H O D S  
Pa t ien ts  

Thirty-three children, 21 boys and 12 girls (age range, 
5 months to 4 years 9 months) with food allergy who had 
never previously ingested egg or egg-containing foods 
were selected. According to SPT and RAST results to 
egg, children were included in either the patient or the 
control group. 

The patient group consisted of 21 children, 13 boys 
and eight girls (age range, 5 months to 3 years 9 months) 
with positive SPT reaction and/or specific IgE to egg. 
Infants were exclusively breast-fed for a period from 2 
weeks to 6 months. In 12 infants the onset of the 
food-related symptoms took place while they were tak- 
ing only breast milk and while mothers were taking an 
unrestricted diet. Symptoms caused by food allergens 
were eczema (19 patients), urticaria (six), angioedema 
(four), shock (two), hemathemesis (one), melena (one), 
diarrhea (one), and vomiting (one) (Table I). Intoler- 
ance to cow's milk was present in 15 patients; to wheat in 

six; and to tomato, potato, citrus, rice, pork, and cod in 
one each. In one exclusively breast-fed infant (patient 8) 
egg was suspected to have provoked symptoms, because 
these symptoms appeared when the mother had ingested 
egg. 

The control group included 12 patients, eight boys and 
four girls (age range, 11 months to 4 years 9 months), 
with negative SPT and RAST reactions to egg. Symp- 
toms caused by food allergens were eczema (nine pa- 
tients), urticaria (three), shock (two), angioedema (one), 
vomiting (one), and diarrhea (one). Intolerance to cow's 
milk was present in 11 patients; to tomato in 2; and to 
spinach, soy, wheat, and potato in one each. 

All infants attended our clinic because of allergic 
symptoms appearing before 8 months of age and were 
monitored every 3 to 6 months. If allergic symptoms 
were present, the challenge for egg was not performed. 
At each visit a careful feeding history was obtained from 
parents or caregivers, who were advised to give an 
egg-free diet. The week before the challenge, patients 
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were skin tested and a blood sample was obtained for 
RAST. If previous results were confirmed, patients were 
included in the study and the food challenges were 
conducted. 

TABLE II. Results of food challenges 

Group 

No. (%) of + RAST/ + SPT/ 
No. of + + + 

challenges challenges challenges challenges 

Skin prick tests 
SPT were performed with a 1:20 (wt/vol) concentra- 

tion of food extract (Bayropharm, Milan, Italy). The size 
of the skin test wheal was compared with that elicited by 
1 mg/ml histamine and by the diluent. 

SPT were considered positive if the diameter of the 
wheal was greater than 3 mm after the diameter of the 
wheal elicited by the diluent was subtracted and was 
graded in comparison with the histamine wheal as 
follows: + + + + if wheal was greater than twice the area 
of histamine standard, + + + if it was twice the area of 
histamine standard, + + if it was equal to the area of 
the histamine standard, and + if it was half the area 
of the histamine standard. 14 

IgE 
Specific IgE antibodies were measured by Phadebas 

RAST (Pharmacia, Uppsala, Sweden) and graded from 
0 to 4 in accordance with the manufacturer's recommen- 
dations. 

Challenge procedures 
DBPCFCs were performed in the allergy unit of the 

University of Parma Department of Pediatrics, with 
equipment immediately available for the control of 
adverse reactions. No drug, including antihistamines (4 
to 10 days before challenge), steroids (3 days), theophyl- 
line (24 hours), [32-agonists (12 hours), and cromolyn (12 
hours), was administered to the patients before the 
challenge. 

Increasing doses of dried egg (Lofarma, Milan, Italy), 
0.05 to 20 mg, were given every 20 minutes for 2 hours, 
followed by one boiled egg, to reach a dose greater than 
the average daily intake. Soy formula or cow's milk were 
used as placebo in tolerant children. Foods were hidden 
with soy formula or cow's milk. 

The personnel who gave the food, the parents, and the 
child were unaware whether placebo or egg was given. 
Food or placebo was randomly given on different days. 
Patients were observed for 5 hours. Adverse reactions 
were considered immediate if they appeared within 5 
hours and late if after 5 hours. If the challenge result was 
positive, children were kept in the hospital for 24 hours. 
If the challenge result was negative, parents openly gave 
the children at least one egg at home for 4 days. Parents 
filled a diary card with a score for clinical symptoms. At 
the end of the challenge period children were examined 
to check the onset of adverse reactions. 

Statistics 
Comparison of the challenge results between the 

study and control group and the relationship between 
SPT or RAST, and challenge results, were made by 

Patients 21 13 (61) 12/13 13/13 
Controls 12 1 (8) 0/1 0/1 

p <0.01 

+, Positive. 

means of a chi-square test. Sensitivity, specificity, etfi- 
cacy, and negative and positive predictive accuracy is for 
SPT and RAST, alone or in combination, were deter- 
mined in comparison with the results of DBPCFC. 
McNemar's test with the use of Yates correction factor 
for continuity was used for the estimation of differences 
between SPT and RAST and between SPT, and both 
SPT and RAST, in predicting clinical hypersensitivity to 
foods. 

RESULTS 
Food challenges 

Symptoms were evoked in 13 of the 21 children 
(61%) who underwent challenge with egg in the 
patient group, and in one of the 12 (8%) in the 
control group (p < 0.01) (Table II). No positive 
response to placebo was found. Table I I I  shows the 
egg doses eliciting reactions. 

Immediate symptoms 

The onset of the manifestations was immediate 
in 13 of the 14 children (93%) with positive 
challenges (Table III).  In all cases symptoms oc- 
curred within 20 minutes from the ingestion of the 
food. The skin was the most frequently involved 
organ (12/13 cases [92%]). Positive challenges 
elicited only cutaneous symptoms in seven of 13 
cases (53%). Skin manifestations were pruritus (10 
cases), rash (eight), urticaria (five), and anglo- 
edema (two). One child had pruritus and swelling 
of oral mucosa. In three patients vomiting devel- 
oped. One patient had respiratory manifestations, 
presenting as a cough. Rhinitis occurred in two 
patients. Other  manifestations recorded were irri- 
tability (one patient), drowsiness (one), and ana- 
phylactic shock (one). In 76% of the positive 
challenge results immediate symptoms developed 
that the children never had before. Immediate  
reactions induced by other foods were observed 
among 46% of the positive challenge results. 

Late symptoms 

Late symptoms occurred in two of the 14 chil- 
dren (14%) with positive challenge results. In one 
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TABLE III. Clinical manifestations elicited by 
egg challenge tests and oral challenge test 
dose 

Oral Symptoms 
Case challenge 

Group no. dose  Immediate Late 

Patients 2 20 mg P, R 
3 5 mg P/Sw of oral 

mncosa 
4 1 egg U, A 
6 20 mg P, R, V, I, D 
8 1 egg P, R, Rn, V 

10 1 egg S, U, A 
11 5 mg R 
12 0.5 mg R, P 
15 1 egg P, U 
16 1 egg P, U, Rn 
17 20 mg P, R 
18 3 eggs 
19 1 egg P, U, R, V, 

C 
Controls 5 20 mg P, R 

Eczema 

Eczema 

A, Angioedema; C, cough; D, drowsiness; L irritability; P, 
pruritus; R, rash; Rn, rhinitis; S, shock; Sw, swelling; U, 
urticaria; V, vomiting. 

TABLE IV. Relationship of SPT and RAST 
with oral challenges 

Oral 
challenge 

result 

+ - p 

SPT 
+ 13 8 <0.01 
- 1 1 1  

Total 14 19 
RAST 

+ 12 6 <0.01 
- 2 13 

Total 14 19 

of the two patients urticaria and angioedema de- 
veloped immediately after the ingestion of one egg 
and eczema developed after 24 hours. In the other 
patient eczema, the only manifestation of allergy, 
developed after the ingestion of one egg per day 
for 3 days (Table IV). 

Immunologic  tests 

In the patient group SPT reactions to egg were 
positive in 20 of 21 cases (95%). SPT reactions to 
egg were positive in 13 of 14 children (92%) with 

TABLE V. Sensitivity, specificity, and 
predictive indexes of SPT and RAST 

SPT RAST SPT and RAST 

Sensitivity 0.92 0.85 0.92 
Specificity 0.57 0.68 0.57 
Predictive value 

Positive 0.61 0.66 0.61 
Negative 0.91 0.86 0.91 

positive challenges and in eight of 19 subjects 
(42%) with negative challenge results (p < 0.01). 

Eighteen of 21 cases (85%) were positive for 
egg-specific IgE antibodies. RAST reactions to egg 
were positive in 12 of 14 children (85%) with 
positive challenge results and in six of 19 subjects 
(31%) with negative challenge results (p < 0.01) 
(Table IV). 

Table V shows the sensitivity, specificity, and 
positive and negative predictive accuracy calcu- 
lated for SPT and RAST. Sensitivity and negative 
predictive value gave the best results, whereas 
positive predictive value and specificity were poor. 
There was no significant difference between results 
of SPT and RAST, or SPTs plus RASTs, in pre- 
dicting correctly challenge results. To reduce the 
frequency of the false-positive rate, 16 a RAST 
score of + + or more was considered as positive. 
The predictive accuracy of the RAST results did 
not change. 

DISCUSSION 

The results of this study show that among infants 
with food allergy, clinical hypersensitMty reactions 
are more likely to develop in those with a positive 
SPT and/or RAST reaction to egg on the  first 
exposure to the food, compared with subjects with 
negative test results (61% vs 7%, p < 0.01). 

Conflicting data have been reported on the 
usefulness of SPT and RAST results in predicting 
the development of clinical reaction on the first 
known administration of specific foods to children 
at high risk for atopic diseases. 

In 24 of 26 infants with positive SPT results for 
egg at 6 months of age, clinical reactions to egg or 
other allergens developed before 18 months of 
age. 6 A positive RAST reaction to egg was re- 
ported to predict the development of allergic 
symptoms to egg. 17, is On the contrary, Lilja and 
Oman is did not find that positive SPT reactions to 
food preceded the development of atopic diseases 
in infants with family histories of respiratory atopy. 
However, in these studies it was not documented 
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whether reactions occurred on the first exposure; 
the characteristics of the patients were different 
from those in the present report, making a com- 
parison with our results unsuitable. Moreover, 
such studies were likely to be highly subjective 
because the diagnosis of food allergy was based 
simply on the clinical history. This has been found 
to be u n r e l i a b l e  19-22 compared with provocation 
challenge. 

We found that in infants with food allergy, a 
positive SPT reaction to egg was associated with a 
higher incidence of positive challenges in compar- 
ison with subjects who had negative SPT results 
(p < 0.01). Positive challenge results occurred in 
infants with positive RAST reactions to egg more 
frequently than in infants who had negative RAST 
results (p < 0.01). This suggests that the clinical 
symptoms induced by the challenge were IgE 
mediated. 

Because we had carefully checked that infants 
had never had egg before challenge, sensitization 
must have occurred either in utero 11, 23-26 or more 
commonly after birth, through breast milk. y, 27-29 

Our findings show that the administration of a 
challenge in graded amounts is advisable because 
symptoms are dose dependent, 3° although new 
serious immediate hypersensitivity reactions are 
not avoided. 31 Therefore appropriate emergency 
equipment and personnel should be available. 

Immediate reactions (93%) were more common 
than late symptoms. It seems reasonable to suspect 
that the latter were probably caused by a late- 
phase allergic reaction (case 4) 32 and to ingestions 
of large quantities of egg (case 18). 3o 

In clinical practice offending foods may be 
suspected on the basis of SPT and RAST re- 
suits.B1, 33-36 The present study confirms previous 
reports of poor SPT and RAST specificity, and 
positive predictive accuracy, 34, 35 and of excellent 
negative predictive accuracy, z°, 34 

Furthermore, our data show that SPT and 
RAST sensitivity highly agree with the findings of 
Bock et al. 2° but not with those of Sampson and 
Albergo. 34 Only children with atopic dermatitis 
were examined in this latter study. 

The pattern of the data suggests that a negative 
SPT and RAST reaction to egg should be consid- 
ered useful to rule out clinical hypersensitivity 
reactions on the first exposure. Moreover, a posi- 
tive SPT or RAST result could be used for a 
screening of sensitization. However, further anal- 
ysis by controlled food challenges are warranted 
because of the high false-positive rate. 

In previous studies 34, 35 the diagnostic accuracy 

of SPT and RAST, compared with DBPCFC, was 
similar. SPT and RAST results were concordant in 
73% of the patients with atopic dermatitis 34 and in 
93% of those with fish allergy. 37 In this study 
RAST or the combination of SPT and RAST did 
not provide advantages over SPT alone in identi- 
fying infants who will have had reactions on the 
first known administration of egg. Therefore 
RAST should be reserved for those patients in 
which SPT cannot be performed. 34 In conclusion, 
these results show that in infants with food allergy 
a significant correlation between the results of 
SPT to egg and clinical hypersensitivity reactions 
on the first exposure to the food is present. There- 
fore SPT with egg may be useful to predict egg 
allergy before the introduction of that food into 
the diet. 
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