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Atopic dermatitis (AD), a major health concern 
in children, is characterized by a multifactorial 
pathogenesis in which a significant role is 
played by foods, especially in infants (1). In 
addition, both diagnosis and treatment are diffi- 
cult since the much in vogue diagnostic items, 
SPT and RAST yield varying results in terms 
of sensitivity, specificity, predicted positive and 
negative values (2-5). The diagnosis of FA- 
related AD relies on controlled challenge test. 

However, recent studies have focused on the 
unpredictable hazards following food challenge 
tests in term of immediate reactions (6). It has 
also been shown (7) that late reactions are fre- 
quent and that they can develop even several 
days after the challenge test. 

Aim of the present study was to evaluate in 
children with AD: 1) the prevalence of immedi- 
ate and late reactions following challenge tests; 
2) the sensitivity, specificity and predictive posi- 
tive and negative values of SPT and RAST as 
regards both immediate and late reactions; 3) 
the prevalence of late reactions not preceded by 
immediate symptoms after challenge tests. 

PATIENTS AND METHODS 

Seventy-nine children (46 males and 33 fe- 
males), ranging in age from 6 mo to 10 yr 
(median age 24 mo), and fulfilling the criteria 
of Hanifin & Rajka (8) for the diagnosis of AD 
were included in the study. 

In all children prick tests were made with 
lactalbumin, casein, egg-white and wheat (Lo- 
farma, Milano, Italy) on the volar surface of the 

forearm and the reaction was read at 20 min. In 
some cases, additional food antigens were used, 
as suggested by case history. A negative control 
with glycerosaline solution and a positive one 
with histamine (0.1 mg) were made. 

The prick tests were considered positive as 
follows: + when the wheal was the half of the 
histamine wheal; + +when the wheal was 
equal to the histamine wheal; + + +when the 
wheal was two-fold the histamine wheal; 
+ + + +when the wheal was more than two- 

fold the histamine wheal. 
Total serum IgE levels were determined us- 

ing Phadebas IgE P R I S P  test (Pharmacia, 
Uppsala, Sweden). Specific IgE to food aller- 
gens were measured by the Phadebas RAST@ 
method (Pharmacia, Uppsala, Sweden). First 
class RAST was considered positive. 

Informed consent was obtained from the par- 
ents of each child. 

Symptom scores and eJect 
.f dimintion diet 

The severity of AD lesions was assessed before 
and after the elimination diet using a semi- 
quantitative score as previously described (10). 

Study design 

Independently from SPT and RAST results, 
the children followed a CM- and egg-free diet 
for a 4-6 wk period. In some cases, on the basis 
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Fig. I. Reactions (immediate and late) after the challenge test with cow’s milk and/or egg 

of case history, and previous SPT or RAST 
results also fish, wheat or soya were excluded. 

Parents were required to discontinue all top- 
ical corticosteroids during the trial, antihista- 
mine for 7 days, and all beta-agonists for 12 h 
before the provocation test. = specificity, P = prevalence. 

The following formulas: V = (sP)/[sP + (l--Q 
(1-p)] for positive and g = f(1-P)/[f(l-P) + (1- 
sP)] for negative predictive accuracies were em- 
ployed V = positive predictive accuracy, g = 

negative predictive accuracy, s = sensitivity, f 

Food challenge test 

At the end of the 4-6 wk period, 113 open 
challenge tests were performed in the hospital 
under observation and with emergency equip- 
ment at hand. In 23 of them the challenge test 
was done for both C M  and egg. Seventy child- 
ren were tested with CM, 38 with egg and 5 
with other foods. C M  or egg were administered 
as follows: a drop of C M  (or of emulsioned raw 
egg) was put upon the inner border of the lower 
lip, and a further 5 ml of C M  (or 1 ml of 
emulsioned raw egg) were given after 5 min. 
100 ml of C M  or half-boiled egg were given 
after 30 min. The reactions were defined as 
immediate if the first symptoms occurred within 
4 h of ingesting the food antigen, and delayed if 
the first symptoms occurred after 4 h. If any 
symptoms secondary to the challenge test were 
observed, the challenge test in the hospital was 
terminated. After the last administration of the 
tested food the children were watched for at 
least 4 h and then discharged. Parents were 
instructed to continue to give the tested food at 
home (1 50 ml of C M  twice a day or one boiled 
egg-a-day) and to record any reaction and re- 
port it at the following visit 7 and 15 days later. 

RESULTS 

Before the elimination diet the children had a 
severity score (arithmetic mean) of 20 and after 
the elimination diet there was a significant drop 
up to 4 ( P =  0.001). 

SPT and RAST 

SPT were positive in 54/70 children (77%), 
subjected to CM-challenge test and in 30/38 
(79%) to egg-challenge test. RAST was positive 
in 27/70 (39%) CM- and in 15/38 (39%) of 
egg-challenge tests. 

The children in the present study had a 
median value of total IgE of 50 IU/ml (range 
5-1000 IU/ml). Total IgE levels were higher 
than 2 SD in 51/79 children (65%). 

Challenp tests 

A total of 113 food challenge tests were per- 
formed (70 with CM, 38 with egg and 5 with 
other foods). In the 108 children who under- 
went the challenge test with C M  and/or egg 
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47/108 (44%) were positive. Only one child 
exhibited a severe anaphylactic reaction to C M  
requiring emergency therapy. 23/79 children 
were subjected to both challenge tests (CM and 
egg). Of these, 3 children showed positivity of 
both tests, 9 were positive only for CM,  5 were 
positive only for egg, and 6 were negative for 
either test. 

Symptoms induced by food 
challenge test (Fig. 1) 

Twenty-eight out of 70 CM-challenge tests 
(40 %) were considered positive. 9/70 challenge 
tests (13%) elicited immediate, and 20/70 
(29%) delayed reactions. Only one patient out 
of 38 (1.4%) had either immediate, or delayed 

symptoms. 19/38 egg-challenge tests (50%) 
were considered positive. 9/38 children (24 %) 
experienced immediate, and 12/38 (23%) de- 
layed reactions. 2/38 patients (5%) had either 
immediate, or delayed symptoms. 

The symptoms induced by food challenge test 
are summarized in Tables 1 and 2. The follow- 
ing symptoms occurred only immediately: lip 
edema in 4 cases (8.5%), pharyngeal pruritus 
in 1 case (2.1%) and shock in 1 case (2.1%). 
The remaining symptoms were either immedi- 
ate or delayed: AD worsening in 26 cases 
(53.3%) (1 immediate and 25 late), pruritus in 
24 cases (51.1%) (5 immediate and 19 late), 
rush/erythema in 21 cases (44.6%) (8 immedi- 
ate and 13 late), urticaria in 9 cases (19.1 %) (7 
immediate and 2 late), asthma in 6 cases (17%) 
(3 immediate and 3 late), rhinitis in 5 cases 

Table 1 

Symptoms occurring after challenge test with cow’s milk in children with AD, according to skin test score and RAST class 

Subiect n. Age (mo) Immediate reactions Late reactions SPT score RAST class 

95 
66 
59 
25 

131 
31 
82 
65 
50 

116 
109 
92  
33 
56 
97 
88 
78 
69  
83 

5 
98 

4 
9 6  
19 
84 

125 
32 
74 

20 
36 
48 
20 
21 
15 
8 

36 
6.5 

23 
27 
56 
30 
18 
19 
1 1  
41 
27 
39 
21 
12 
30 
15 
22 
10 
23 
66 
38 

WO-AD, PR, URT, ER, DI, AS 
URT, LO 
URT 
PR, ER, SH 
PR, ER 
ER, AS 
ER 
ER 
AS 

Wo-AD 

AS 
PR 
PR, ER 
URT, ER 

Wo-AD 

Wo-AD 
Wo-AD 
Wo-AD, PR 

Wo-AD, PR 

WO-AD 

WO-AD 

WO-AD, PR 

WO-AD, PR, AS 
WO-AD, PR, ER 
Wo-AD, PR, ER 
Wo-AD, PR, ER 
WO-AD, PR, ER 
WO-AD, PR, ER 
Wo-AD. PR, ER 

2 
3 
1 
4 
3 
3 
2 
0 
1 
1 
3 
2 
4 
1 
2 
1 
2 
1 
3 
1 
1 
4 
2 
2 
2 
0 
2 
0 

4 
2 
0 
0 
4 
2 
0 
0 
1 
1 
0 
1 
1 
3 
0 
0 
0 
3 
0 
0 
0 
2 
0 
2 
0 
0 
2 
0 

~ ~~ 

Wo-AD = worsening atopic dermatitis; PR = pruritus; URT = urticaria; ER = erythema; LO = lip edema; DI = diarrhea; 
AS = asthma; SH = shock. 
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Table 2 

Symptoms occurring after challenge test with egg in children with AD, according to skin test score and RAST class 

Subject n. Age (mo) Immediate reactions Late reactions SPT score RAST class 

72 
58 
62 
57 
47 
71 
87 
63 
18 
60 
28 
79 
64 

114 
130 
108 
53 

105 
73 

18 
8 

14 
36 
34 
8 

88 
18 
29 
16 
16 
34 
41 
20 
24 

126 
20 
15 
37 

URT, R H  
URT, R H  
URT, LO 
U R T  
PR, R H  
PR,  LO, RH,  
PhP 
LO 
ER 

ER 

Wo-AD 
URT 

DIA, R H  
PR, ER 
Wo-AD 
WO-AD 
WO-AD, PR 
WO-AD, PR, AS 
Wo-AD, PR, ER 

Wo-AD, PR, ER 
Wo-AD, PR, ER 

WO-AD, PR, ER 

3 
1 
1 
1 
3 
2 
4 
1 
2 
3 
3 
1 
0 
3 
3 
2 
2 
2 
3 

4 
0 
2 
2 
2 
1 
1 
2 
0 
4 
3 
0 
0 
0 
3 
1 
2 
0 
0 

Wo-AD = worsening atopic dermatitis; PR = pruritus; URT = urticaria; ER = erythema; LO = lip edema; DI = diarrhea; 
AS = asthma; SH = schok. 

(10.6%) (4 immediate and 1 late), diarrhea in 2 
cases (4.2%) (1 immediate and 1 late). 

Reliability of diagnostic tests 
(Tables 3 and 4) 

SPT sensitivity for CM was 0.89 both for im- 
mediate and 0.85 total reactions (immediate + 
late) after challenge test. RAST sensitivity for 
C M  was 56% for immediate and 45% for total 
reactions. SPT sensitivity for egg was 100% for 
immediate and 95% for total reactions after 

challenge test. RAST sensitivity for egg was 
78% for immediate and 61% for total reac- 
tions. 

SPT specificity for CM was 25 % for immedi- 
ate and 30% for total reactions after challenge 
test. RAST specificity for C M  was 64% for 
immediate and 66% for total reactions. SPT 
specificity for egg was 27% for immediate and 
38% for total reactions after challenge test. 
RAST specificity for egg was 74% for immedi- 
ate and 83% for total reactions. 

SPT predictive positive value for C M  was 
14% for immediate and 44% for total reactions 

Table 3 

Sensitivity, specificity and predictive accuracy of SPT and RAST to cow’s milk (CM) and egg in children with AD 
(immediate reactions) 

Predictive accuracy 

Sensitivity Specificity Positive Negative 

SPT RAST SPT RAST SPT RAST SPT RAST 

CM 89 56 25 64 15 19 93 91 
Egg 100 78 27 74 30 48 100 91 
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after challenge test. RAST predictive positive 
value for C M  was 20% for immediate and 48% 
for total reactions. SPT predictive positive val- 
ue for egg was 32 % for immediate and 64% for 
total reactions after challenge test. RAST pre- 
dictive positive value for egg was 50% for im- 
mediate and 79% for total reactions. 

SPT predictive negative value for C M  was 
93 % for immediate and 80 % for total reactions 
after challenge test. RAST predictive positive 
value for C M  was 90 7% for immediate and 63 % 
for total reactions. SPT predictive negative val- 
ue for egg was 100% for immediate and 86% 
for total reactions after challenge test. RAST 
predictive positive value for C M  was 91 % for 
immediate and 68% for total reactions (Tables 
3 and 4). 

Figs. 2 and 3 show the sensitivity and the 
specificity of SPT and RAST as regards the 
immediate (Fig. 2) and late (Fig. 3) reactions 
after challenge test with CM. Fig. 4 and 5 show 
positive and negative predictive values of SPT 
and RAST as regards the immediate (Fig. 4) 
and total (Fig. 4) reactions after challenge test 
with CM.  In both cases the values are shown 
according to the SPT score or RAST class 
variation considered as positive. Increasing the 
positivity, sensitivity increases but specificity 
worsens (Figs. 2 and 3) while predictive positive 
and negative values remain unchanged (Figs. 4 
and 5 ) .  

Onset of late reactions 

Fig. 6 shows the onset of late reactions after 
challenge test with cow‘s milk or egg. It is of 
note that all late reactions to egg developed 

within the 5th day, whereas the majority of late 
reactions occurring after challenge test with 
cow’s milk developed up to the 15th day. 

New symptoms after challenge test 

In 3 CM-challenge tests (2 immediate and 1 
late reaction) asthma developed for the first 
time. In 1 egg-challenge erythema, pruritus and 
cough developed also for the first time. 

DISCUSSION 

In this study, 24-mo-old (median) infants with 
AD were evaluated for clinical food hypersensi- 
tivity by open food challenge tests, which were 
positive in 44% of cases. Only C M  and egg 
were challenged since according to previous 
studies by us (11) these are the most common 
offending foods in Italian children. This data is 
similar to that of Sampson & McCaskill (12), 
who have demonstrated that in the typical 
American diet 6 foods accounted for 86% of the 
positive responses, egg accounting for 42% of 
these responses. Excluding from the 6 foods 
peanuts, soya and fish which are rarely includ- 
ed in a typical Mediterranean diet for young 
children, C M  and egg would account for about 
80% of the positive responses. 

Eighteen children experienced immediate re- 
actions after an elimination-provocation test as 
follows: 9 after C M  and 9 after egg adminis- 
tration. No child had previously had such reac- 
tions after ingestion of tested foods. Therefore 
food challenges should always be done in a 
clinical setting with emergency equipment at 
hand. 

Table 4 

Sensitivity, specificity and predictive accuracy of SPT and RAST to cow’s milk (CM) and egg in children with AD 
(immediate + late reactions) 

Predictive accuracy 

Sensitivitv Suecificitv Positive Negative 

SPT RAST SPT RAST SPT RAST SPT RAST 

Milk 85 44 30 66 46 46 79 63 
Egg 95 61 38 83 60 56 88 55 
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In 4 children on elimination diets reported by 
David (13), anaphylactic shock occurred after 
the reintroduction of foods previously elimin- 
ated. Many of these immediate reactions may 
be a consequence of release of mediators: prur- 
itus (direct mechanism), rush and erythema 
(vasodilation), edema and rhinorrhea (increase 
of vascular permeability). Pruritus in turn in- 
duces an increase of vasodilation and of vascu- 
lar permeability. This agrees with the results of 
Sampson & Jolie (14) as to histamine release 
after food challenge tests. Although histamine 
was the only mediator they tested, it is possible 
that additional mediators released by mast cells 
are involved. However, since histamine is rap- 
idly cleared in the portal and renal circulation, 
only a fraction of the histamine released by 
gut-associated mast-cells would reach peripheral 
sites. It is therefore likely that the histamine so 
released in a sensitized patient may facilitate 

the entrance of a greater amount of antigen by 
inducing a local anaphylaxis. These antigens 
reach cutaneous mast cells very rapidly, thus 
inducing a further mediator release. As origi- 
nally demonstrated by Engman et al. (15), the 
release of various mast cell mediators, including 
histamine, can provoke severe pruritus, second- 
ary scratching, and subsequent development of 
eczematous skin lesions. 

It is likely that a possible mechanism for 
exacerbation of AD includes second-phase leu- 
kotriene release from neutrophils and eosino- 
phils, basophil recruitment or IC deposition in 
the skin (16-18). 

Considering sensitivity, specificity, and posi- 
tive and negative predictive accuracy of SPT 
and RAST of both C M  and egg as regards 
immediate and total reactions (Table 3 and see 
(6)). SPT sensitivity is high (0.88 for CM and 
1.00 for egg for immediate reactions and 0.88 
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for C M  and 0.95 for egg for total reactions). 
However, specificity is low (0.25 for C M  and 
0.27 for egg for immediate reactions and 0.30 
for C M  and 0.38 for egg for total reactions). In 
addition, the SPT positive predictive values are 
low (0.15 for C M  and 0.30 for egg for immedi- 
ate reactions and 0.46 for C M  and 0.60 for egg 
for total reactions). Since history is unreliable, 
especially as regards the immediate reactions 
predictivity, challenge tests in children with 
positive SPT should always be done with cau- 
tion. 

The SPT high negative predictive accuracy 
(0.93 for C M  and 1.00 for egg) permits us to 
exclude immediate reactions following the chal- 
lenge test. 

RAST sensitivity is lower than that of SPT. 
RAST specificity is better than SPT; however, 

neither can be utilized at the clinical level. In 
addition RAST negative predictive accuracy is 
lower than that of SPT and consequently 
scarcely useful for food allergy diagnosis. Its use 
should be limited to those cases in whom anti- 
histaminic administration cannot be discontin- 
ued or dermographism is remarkable or lichen- 
ification fails to allow SPT evaluation. 

Our  data tally well with previous data (2, 
17-19) only as regards SPT negative predictive 
accuracy. For the other parameters investi- 
gated, our values are lower than those reported 
by others (2,  17-19). Accordingly RAST posi- 
tive predictive value (18, 20-21) is not con- 
firmed by our data. 

Another important point to be stressed is the 
period of time between the start of the challenge 
test and the onset of symptoms. In agreement 
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Fz& 5. Positive and negative predictive values for skin tests and RAST according to skin test score or RAST class in the 
children who experienced a positive cow’s milk challenge test (immediate and/or late reactions to cow’s milk challenge test). 
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Fig. 6. Onset of late reactions (days) after challenge test with cow's milk or egg. 

with Hill et al. (22), in some children the reac- 
tions were noted even several days from the first 
administration of the offending food. 

These late reactions could be related to a 
spectrum of factors different from food antigens 
(e.g. dust mites, infections, emotions, etc.) 
which can only be ascertained with difficulty. 
However, these children again on elimination 
diets improve and worsen when a new food 
challenge test is performed. 

Other factors may play a role: a) increasing 
amount of food administered by parents at 
home, b) association with other food items 
which can influence the absorption rate of the 
offending food (23). 

In disagreement with the data of Sampson 
(24), most late reactions observed by us were 
not preceded by immediate reactions. We 
would like to emphasize that the only possible 
explanation is the very high total IgE values 
found by Sampson et al. in highly selected child 
populations (12, 25) (up to 45000 IU/ml with a 
median value of 4100 IU (12) and 8463 (25), 
while the children of the present study had a 
median value of total IgE of 50 IU/ml (range 
5-1000 IU/ml)). 

We can also speculate that the large-scale use 
of topical corticosteroids by the patients studied 
by Sampson et al. (12) could have in some way 
prevented the development of late reactions. It 
is well known that corticosteroids inhibit late 
phase reactions after challenge test with the 
specific allergen in allergic asthma (24). We 

would like to stress that corticosteroids were not 
allowed to the children during the present 
study. 

In conclusion we would like to stress the 
following points: 1)  Immediate reactions follow- 
ing food challenge tests are frequent even in 
children who have never experienced them pre- 
viously; 2) Case history is usually unreliable 
since the reactions can occur despite the nega- 
tive history; 3) Since immediate reactions can 
be severe, appropriate emergency equipment 
and personnel should be at hand; 4) SPT can 
predict these reactions only rarely, whereas 
SPT is useful in excluding them due to their 
high negative predictive value; 5) Sensitivity 
and specificity of RAST are low as regards 
immediate and late reactions. The positive and 
negative predictive values are lower than those 
of SPT, which are easily and quickly performed 
and have lower cost; 6) The challenge test ap- 
pears to be the only way to diagnose FA. In 
addition, a positive challenge test permits us to 
eliminate a food, and a negative one allows 
reintroduction, eliminating the risk of nutri- 
tional deficiencies and psychological disturbanc- 
es which can follow restricted diets. The ab- 
sence of immediate reactions does not exclude 
the possible onset of late reactions. Since these 
reactions may occur even several days after 
challenge tests the child should be followed dur- 
ing this period of time before issuing a defin- 
itive diagnosis. 
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