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Background: The detection of specific IgE antibodies to environmental allergens does not 
always coincide with a diagnosis of clinical[y evident allergic disease, because some patients 
with positive skin and/or in vitro test results have no symptoms related to the allergen or 
allergens that induced the antibodies. 
Objective: In a multicenter study the optimal cutoff values for specific 1gE antibody levels and 
skin test results that could discriminate between patients with symptomatic and those with 
asymptomatic allergy were determined. 
Methods: 1gE antibodies specific for a panel of common aeroallergens were assayed with the 
Pharrnacia CAP System (Pharmacia, Uppsala, Sweden) in two groups of patients, a group of 267 
patients with symptomatic allergy and a group of 232 patients with asymptomatic allergy--both 
~vith positive skin prick test results and in a group of 243 healthy, nonallergic control subjects. 
The cuto]f values were established by receiver operating characteristic analysis. 
Results: A significantly higher mean specific IgE antibody value was found in patients with 
symptomatic allergy compared with patients with asymptomatic allergy (p < 0.001) and in patients 
with symptomatic allergy compared with healthy control subjects (p < 0.001). The optimal CAP 
System cutoff value between patients with symptomatic and those with asymptomatic allergy was 
11.7 kU/L, and when seasonal allergens were compared with perennial allergens, the cutoffs were 
10.7 kU/L and 8.4 kU/L, respectively. The optimal cutoff value for the skin prick test was a wheal 
area of 32 mm 2 for seasonal allergens and 31 mm 2 for perennial allergens. The skin test had a 
lower diagnostic value (sum of sensitivity and specificity) than the CAP System. 
Conclusions: Cutoff values for specific serum IgE antibody levels are likely to be useful in 
clinical practice to distinguish symptomatic from asymptomatic allergy in patients with 
positive skin test results. (J ALLERGY CLIN IMMUNOL 1995;96.'580-7.) 
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The pathophysiology of  allergic diseases de- 
pends  on a series of  factors such as the releasability 
of  mast  cells and basophils and the responsiveness 
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of target organs to mediators released from these 
cells. Still, the pivotal factor is undoubtedly the 
presence of  specific IgE antibodies to environmental 
allergens} The detection of  these antibodies by 
in vivo or in vitro methods, nevertheless, merely 
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Abbrevia~ions used 
ROC: Receiver operating characteristic 

SPT: Skin prick test 

mdicates  the existence of sensit ization to given 
allergens; their  p resence  does not  alwavs coin- 
cide with clinically significant allergic disease. 
Thus the diagnosis of  allergic disease is usually 
based on a combina t ion  of informat ion  obta ined  
f rom the medical  history, which by itself cannot  
be considered as the "gold s tandard ,"  with that  
obta ined f rom in vivo and/or in vitro tests. The  
magni tude  of  the specific IgE  response  to a given 
allergen should theoretically be consistent  with 
the clinical re levance of that allergen, but the 
corre la t ion between the level of  specific IgE 
antibodies and the clinical expression of an 
allergy has so rar been  unsatisfactory.  In a series 
of studies that  addressed this issue, Z only a 
corre la t ion between specific IgE  level measu red  
by R A S T  and severity of  seasonal  symptoms in 
pat ients  allergic to ragweed has been  reported.3 
This is probably  because until recently,  suffi- 
ciently accurate  quant i ta t ive assays for IgE  anti- 
bodies  were  not available. The  need for quanti-  
tative assays to "facil i tate be t t e r  definition of the 
relat ionship be tween  quantity of  IgE  ant ibody 
and the symptoms  or risk of  disease"  was under-  
lined in a recent Position Statement by the American 
Academy of Allergy and Immunology? 

In the practice of  allergy, the physician must 
often identify the allergen or allergens to which a 
patient is or is not clinically sensitive. For  this. we 
usually depend on skin tests or serologic assays. 
Problems occur when the patient 's  history is not 
definitive, in which case in vivo and/or in vitro tests 
may be especially useful, and when the results of 
the tests do not correlate with the clinical picture. 
We therefore designed a study to determine 
whether,  in patients with evidence of allergic sen- 
sitization, the quantitative results of  the tests 
would altow us to distinguish those patients with 
clinically significant allergic disease f rom those 
who have no clinical symptoms. 

To that end, three groups of subjects were 
recruited. Patients in the first group had a positive 
skin test response to one of five common aeroal- 
lergens and a clear history of rhinoconjunctivitis or 
asthma, those in the second group likewise had a 
positive skin test response but clearly had no 
symptoms related to the corresponding allergen, 

and those in the third group were healthy nonal- 
lergic individuals. !gE antibody levels to the alier- 
gens being evaluated were quantitated with the 
Pharmacia CAP System assay (Pharmacia, Upp-  
sala. Sweden), which has recently been reported to 
have excellent analytic sensitivity and specificity. 5"7 
For a group of three c o m m o n  seasonal  allergens 
and for house dust reite allergen, opt imal  tgE 
ant ibody cutoff levels were  obta ined  f rom re- 
ceiver opera t ing characterist ic  (ROC)  curves. 
F rom these vatues, sensitivity, specificity, and 
diagnostic values for  the ant ibody assays were  
then de te rmined  and compared  with values ob- 
tained similarly for  skin prick test (SPT) results. 

METHODS 
Patients 

Subjects were recruited in 22 allergy consultation 
centers in Ita[y (listed in the Appendix). Each center 
was asked to select between 20 and 40 subjects who 
had positive skin test responses to one of five common 
aeroal[ergens (Phleum prawnse. Betula verrucosa, Pa- 
rietaria judaica. Dermatophagoides pwronyssinus, and 
Felis domesticus. ~ To determine the subject's clinical 
status, a detailed allergy history was obtained from 
each subject by a trained allergist. In addition, pa- 
tients had to respond to a standardized questionnaire 
with items covering the kind of symptoms, their 
occurrence, and the subject's age at onset of these 
symptoms. Only symptoms that were deßnitely 
presen~ or definitely absent were counted; suspected 
or possible symptoms were not considered as evi- 
dence. 

Group 1 consisted of 267 patients with symptomatic 
allergy (170 female and 97 male subjects; mean age, 
27.1 years; range 8 to 59 yearsL These subjects had to 
have a definite history of or current rhinoconjunctivi- 
tis, asthma, or both. with a ctear association between 
the occurrence of atlergic symptoms on exposure to 
the same allergen that induced a positive SPT reac- 
tion. Patients were excluded from the study if they had 
a history of asthma of more than 2 years' duration (to 
avoid cases in which established inflammation might 
influence the patient's clinical status), if they had been 
treated with any form of corticosteroid or other 
immunosoppressive therapy during the preceding 36 
months, if they had an elevated IgE antibody level 
caused by another disease, or if they had erer received 
allergen immunotherapy. 

Group 2 consisted of 232 patients with asymptomatic 
allergy (125 female and 107 male subjects: mean age, 
31.1 years; range, 9 to 54 years). These subjects had to 
have a negative history of rhinoconjunctivitis and asthma 
caused by the aeroallergens that elicited the positive 
SPT reacdon. In all cases, they had been referred to one 
of the participating allergy centers for evaluation of 
symptoms caused by noninhalant allergens (e,g.. milk) 
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or by aeroallergens clearly unrelated to those being 
evaluated (e.g., pollens of trees such as olive or 
cypress, which have short and precisely limited polli- 
nation periods). Special care was taken to exclude 
symptoms caused by any of the five allergens included 
in this study. To rule out allergy to house dust mites, 
respiratory symptoms could not be elicited on expo- 
sure to house dust; to rule out allergy to cats, patients 
taust not have had an allergic reaction, including 
urticaria, on contact with cats. In cases of allergy to 
mites or cats, patients must also not have ever had 
perennial symptoms; any respiratory symptom that the 
patient might report had to be of strictly seasonal 
nature. To be considered asymptomatically allergic to 
the pollens, patients must not have had any respira- 
tory symptom during the corresponding pollination 
period, that is, from February to April for birch trees, 
from April to June for the grasses, and from May to 
September for Parietaria species. Patients were also 
excluded from the study if they had been treated with 
any form of corticosteroid or other immunosuppres- 
sive therapy during the preceding 36 months or if they 
bad ever received specific immunotherapy for the 
allergen eliciting a positive SPT reaction. 

Control subjects 
Group 3 consisted of 243 nonallergic subjects (150 

female and 93 male subjects; mean age, 31.6 years; 
range, 9 to 59 years. These subjects were recruited in 
the same allergy consultation centers from the medi- 
cal staff members and their siblings. They had to have 
a definitely negative history of hay fever, asthma, 
urticaria, atopic dermatitis, and any other significant 
immunologic disease. In addition to the above exclu- 
sion criteria for groups 1 and 2, all candidates for this 
group were screened for IgE antibodies with the 
Pharmacia Phadiatop test. This in vitro test detects 
specific IgE to a mixture of common aeroallergens and 
has been reported to be a useful method for confirm- 
ing the absence of allergy in subjects with a negative 
allergy history. 8 Subjects with a positive result were 
excluded from the study. 

Diagnostic tests 

All study subjects had the following in vivo and/or in 
vitro tests. 

SPTs 

Patients in groups 1 and 2 had SPTs with the five 
allergens mentioned previously (P. pratense, B. verru- 
cosa, P. judaica, D. pteronyssinus, and F. dornesticus) 
with the Phazet lancet (Pharmacia). 9 This device was 
chosen for the study to reduce the influence of 
differences in the operator's SPT technique in differ- 
ent centers. The Phazet device, with preloaded aller- 
gen (no longer commercially available), was pressed at 
a 90-degree angle on the volar surface of the forearm 

and kept there for 1 second. Each allergen was tested 
in duplicate. A negative diluent control and a positive 
control (histamine 10 mg/ml) were included in each 
series of tests. The outline of the resulting wheal was 
marked with a pencil, transferred onto a piece of 
cellopbane and then onto the patient's record, from 
which the diameters were later measured and the 
areas calculated at the coordinating center. The SPT 
response was considered positive when a wheal of at 
least 3 mm in diameter and 7 mm 2 in area was elicited, 
according to recommendations of the European 
Academy of Allergology and Clinical Immunology. 1° 

In vitro tests 

For patients in groups 1 and 2, IgE antibody was 
assayed with the CAP System only for the causal 
allergen that had been identified by history and SPT 
(patients with symptoms) or by SPT alone (patients 
without symptoms). For subjects in group 3, all five 
allergen specificities were assayed with the CAP Sys- 
tem. Twenty milliliters of venous blood was drawn 
from each subject and centrifuged; and serum samples 
were collected and stored at - 2 0  ° C until assays were 
performed. Blood samples were obtained during the 
same periods from the two groups of patients to avoid 
possible differences in specific IgE levels caused by 
differences in exposure to the allergens (such as the 
seasonal rise of IgE antibody in pollen-sensitive pa- 
tients). In spite of this precaution, this factor cannot 
be entirely excluded because of the different geo- 
graphic locations of the participating centers. 

All of the CAP System assays were performed at the 
same time by the same laboratory (Institute of Clinical 
Biochemistry, University of Padua, Italy, Dr. Plebani) 
according to a technique previously reported in de- 
tail. 5 The immunoenzymatic method was used. Briefly, 
test sera were incubated with the solid phase, consist- 
ing of a flexible hydrophilic allergen carrier (polymer) 
encased in a capsule (the lmmunoCap [Pharmacia]). 
This carrier consists of a cyanogen bromide-activated 
cellulose derivative, which can bind at least 3 times 
more allergen than the corresponding paper disk used 
in RAST and up to 50 times more allergen than the 
amount adsorbed on a coated tube. » An anti-human 
IgE (polyclonal and monoclonal) antibody mixture 
labeled with [3-galactosidase (generating fluores- 
cence) was then added. This reagent has high immu- 
noreactivity and low background, allowing a wider 
range of measurement compared with RAST. » Finally, 
the intensity of the resulting color was measured in a 
spectrophotometer. The entire procedure is auto- 
mated. Results, expressed in kilounits per liter, were 
obtained by reference to a standard curve derived with 
serial dilutions of human IgE that was calibrated 
against the World Health Organization standard for 
IgE (standard WHO 75/502). One kilounit per liter 
corresponds to 2.4 ng of IgE per milliliter. A value 
greater than 0.35 kU/L is defined as a positive CAP 
System result. 
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TABLE I. Number of subjects with a positive CAP System assay result and total number of assays 
performed for each allergen (% positive *) 

Allergen Group 1 Group 2 Group 3 

P. pratense 53/55 (96.3%) 35/39 (89.7%) 13/227 (5.7%) 
B. verrucosa 41/42 (97.6%) 28/34 (80:8%) 5/206 (2A%) 
P. judaica 31/32 (96.8%) 22/22 (t00%) 9/202 (4i4%) 
D. pteronyssinus 125/134 (93.2%) 112/127 (88,i%) 21/243 (8.6%) 
F. dömesticus 4/4 (100%) 8/9 (88.8%) 5/230 (2A%) 

*A positive CAP System result is one greater than 0.35 kU/L 

Data analysis 
Differences in the tevels of specific IgE among the 

three groups of subjects were analyzed by Student's t 
test. The cutoff levels of specific IgE discriminating 
patients with symptomatic allergy from those with 
asymptomatic allergy were determined by analysis of 
ROC curves. 11, ~a The analysis was performed by using 
the computer program Labroc-1 (written by C. Metz 
et al.. University of Chicago), a modified version of 
the program "Rscore II. ''13 which establishes from the 
continuously distributed input data several operating 
points corresponding to a serles of discriminator 
positions. Calculation and output of expected operat- 
ing points are estimated on the fitted ROC curve 
together with asymmetric 95% confidence intervals 
for those points along the curve. The optimal cutoff 
was established by plotting the values of sensitivity 
(true positive results in patients with symptomatic 
allergy) and 1-specificity (1 - false-positive results in 
patients with asymptomatic allergy) obtained for each 
discriminator position and then determinlng the dis- 
tance of the discriminator position from the ideal 
point represented by a sensitivity of 1 and a specificity 
of 1. that is, where 1-specificity equals 0. The optimal 
cutoff was obtained at the point of the curve at the 
minimal distance from the ideal point. For patients 
with symptomatic and asymptomatic allergy, the areas 
of SPT wheals were also analyzed by ROC curves. The 
diagnostic value, being the sum of the sensitivity and 
the specificity 14 and ranging from a minimum of 0 to a 
maximum of 200. of each discriminator position for 
specific IgE and SPT area was also calculated. 

RESULTS 

Table  I shows the number  of  allergen-specific 
CAP System assays pe r fo rmed  and the rate of  
positivity in each group of subjects. SPTs were 
not included because the percen t  positive is 100 
in groups 1 and 2 (because the positivity of  SPT 
was the inclusion criterion),  and they were not 
pe r fo rmed  in group 3 (screened by Phadia top  
test). 

The mean concentration of specific IgE for all five 
allergens combined was 31.71 z 11.42 kU/I_ in 
patients with symptomatic allergy, 8.57 ~ 5.63 kU/L 

in patients with asymptomatic allergy and 0.37 + 0.06 
kU/L in normal subjects. Both the difference be- 
tween the specific IgE levels of patients with symp- 
tomatic and asymptomatic allergy and the difference 
between those of patients with symptomatic allergy 
and nonallergic subjects were highly significant (p < 
0.001). Also, the difference between patients with 
asymptomatic allergy and nonallergic subjects was 
significant (p < 0.01). 

The mean  specific IgE values for the seasonal  
allergens (P. pratense, B. verrucosa, P. judaica) 
and the perennial  allergens (D. pteronyssinus and 
F. domesticus) were then calculated for  the two 
groups of pat ients  with allergy. For  the seasonal  
allergens the mean  value for group I was 35.22 +_ 
10.81 kU/L, and for group 2 it was 8.83 ~ 5.16 
kUtL. For  the perennial  allergens the mean  
value for group 1 was 28.77 ~ 12.02 kU/L, and 
for group 2 it was 8.39 __ 6.02 kU/L. In both  
cases the differences be tween the specific IgE 
levels for the two groups were significant (p < 
0.001). 

Figs. 1, 2, and 3 show R O C  curves obtained by 
plotting sensitivity (true positive results in patients 
with symptomatic allergy) versus 1-specificity (1 - 
false-positive results in patients with asymptomatic 
allergy) from CAP System and SPT for the sea- 
sonal allergens plus D. pteronyssinus (F. domesticus 
was not included, because the number  of  patients 
was too small) (Fig. 1), for the seasonal allergens 
alone (Fig. 2), and for D. pwronyssinus (Fig. 3). 
The cutoff values were 11.7 kU/L for the IgE 
antibody and 32.2 m m  2 for the SPT for the four 
allergens, 10.7 and 32.4 for the seasonal allergens 
alone, and 8.4 kU/L and 31.2 m m  2 for D. pteron- 
yssinus. The corresponding diagnostic values for 
the CAP System assays were 141.8 at 11.7 kU~% for 
the four allergens, 152 at 10.7 kU/L for seasonal 
allergens, and 134.4 at 8.4 kU/L for D. preronyssi- 
nus. For SPT, the cutoff had a diagnostic value of 
121.4 for the four allergens, 122.6 for seasonal 
allergens, and 121.9 for D. pwronyssinus (Table Il). 
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FIG. 1. ROC curve obtained wi th CAP System (squares) 
and SPT (triangles) by plott ing sensit ivity in patients wi th 
symptomat ic  versus 1-specificity in patients wi th asymp- 
tomat ic  al lergy for all allergens. 

DISCUSSlON 

In this study specific IgE antibodies were mea- 
sured with a quantitative method in sera from two 
populations of patients with allergy, one with rhi- 
noconjunctivitis and/or asthma caused by a com- 
mon environmental allergen and another without 
symptoms of allergy to the same set of allergens, 
and from a large group of healthy, nonallergic 
control subjects. The mean antibody levels were 
significantly higher in the patients with symp- 
tomatic allergy compared with the patients with 
asymptomatic allergy, and a comparable difference 
was also observed between patients with symptom- 
atic allergy and healthy control subjects. The mean 
antibody level in patients with asymptomatic al- 
lergy was also greater than the level in healthy 
control subjects, but to a lesser degree than it was 
for the patients with symptomatic allergy. These 
findings appear to be reliable because the three 
populations were defined according to very strict 
criteria, and confounding factors, such as when 
blood samples were taken, were also control led.  

A way to distinguish patients with symptomatic 
allergy flora those with asymptomatic allergy is 
necessary in clinical practice because the simple 
presence of allergen-specific IgE antibodies t o  a 

1 - Speci f ic i ty 

-~ CAP -~ Spt 

FIG. 2. ROC curve obtained with CAP System (squares) 
and SPT (triangles) by plott ing sensit ivity in patients wi th 
symptomat ic  al lergy versus 1-specificity in patients wi th 
asymptomat ic  al lergy for sea,sonal allergens. 

particular environmental allergen does not mean 
that a patient has clinically significant symptoms 
when exposed to that allergen. It has long been 
recognized that a positive skin test response to an 
allergen in a patient who is free of symptoms 
cannot be regarded simply as a false-positive re- 
sponse because it is offen possible to transfer the 
reaction passively to a nonallergic individual with 
the patient's serum, z» The significance of allergen- 
specific IgE antibody in an individual without 
symptoms remains uncertain. It is, at leastl evi- 
dence of previous sensitization, 16 and perhaps it is 
a marker of future allergic disease. ~7-19 

The diagnosis of clinically relevant allergy de- 
pends, in the first instance, on a correlation be- 
tween the clinical history and the results of skin 
tests. When a patient whose history is not definitive 
has positive skin test responses to multiple aller- 
gens, it is very difficult to distinguish clinically 
relevant allergens from those that are not relevant. 
One method that has been used in such cases is to 
challenge the target organ with the possibly rele- 
vant allergens. 2° Such tests are, however, risky and 
time-consuming. Moreover, their significance is 
not always different from that of the skin test, 
because the allergen doses commonly used in 
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challenge tests, which are usually much greater 
than those encountered during natural exposure, 
may elicit symptoms in subjects without apparent 
clinical sensitivity. 

In regard to in vitro titration of allergen-specific 
IgE, the studies reported to date have considered 
the sensitivity, specificity, and efficiency of the 
available tests, comparing results obtained in aller- 
gic and nonallergic subjects. To our knowledge, 
there has not yet been a study aimed at discrimi- 
nating patients with asymptomatic allergy from 
those with symptomatic allergy on the basis of their 
IgE antibody levels. In this study we used a quan- 
titative assay, which has been reported to have very 
good diagnostic capabilities, to measure specific 
IgE. 5-7 In fact, this assay has greater sensitivity than 
the RAST, especially for allergens such as house 
dust mites and cat (which were included in our 
panel), with no decrease in specificity. 6,21 We 
determined the optimal cutoff levels of the CAP 
System and the SPT from ROC curves. This ap- 
proach is based on information theory 11 and has 
been used increasingly in medicine in recent years. 
It has also been used recently to determine cutoff 
values for SPTs. 22 for in vitro tests, 23 and for both 
of these. 24 

By ROC analysis, we found that the cutoff value 
between patients with symptomatic allergy and 
those with asymptomatic allergy was 10.7 kU/L for 
seasonat allergens and 8.4 kU/L for D. pteronyssi- 

nus. These cutoff values appear to be more useful 
than the cutoff values for SPT, because they have a 
greater diagnostic value (the sum of sensitivity and 
specificity): 152 for seasonal allergens and 134.4 
for the perennial allergen with the CAP System 
and 122,6 and 121.9. respective!y, for the SPT. This 
may seem surprising, because since the introduc- 
tion of the RAST, 2s in vitro tests have always been 
found less sensitive than skin tests. This lower 
sensitivity was also confirmed in a recent study that 
compared three in vitro IgE antibody assays, in- 
cluding the CAP System, with skin tests, z 4 0 u r  
results, however, cannot be compared with those of 
these other studies because we studied patients 
with positive skin test resutts with and without 
symptoms of allergy. Moreover, in out  study the 
sensitivity of SPT (at least, for the first discrimina- 
tor positions) was higher than that of the CAP 
System, but this was counterbalanced by the rauch 
lower specificity (i.e., greater number of false- 
positive results) of the SPT. The relative lack of 
specificity of the SPT accounts for the lower diag- 
nostic value at the optimal cutoff value for the SPT. 

The cutoff levels for the CAP System found in 

Sensitivity 
1 

0.8 

0.6 

0.4 

0.2 

1 - Specificity 

C A P  --~ S p t  

FIG. 3. ROC curve obta ined wi th CAP System (squares) 
and SPT (triangles) by plot t ing sensit ivi 'w in patients w i th  
symptomat ic  al lergy versus 1-specif icity in patients w i th  
asymptomat ic  a l lergy for D. pteronyssinus. 

this study are proposed to be used as decisional 
|evels in clinical practice when it is necessary to 
resolve the question of the relevance of a positive 
skin test response or, as is orten the case, of 
multiple positive skin test responses, when there is 
no clear-cut clinical history of symptoms on expo- 
sure to the allergen or allergens that elicit positive 
responses. This is as yet only clear for aeroaller- 
gens. Other allergens, such as foods or Hymenop- 
tera venoms, require further investigation. Fur- 
thermore, the decisional levels that we have 
proposed could be useful when a diagnosis of 
allergy is based only on in vitro test results, as in 
the so-calted "remote practice of allergy." Such a 
practice, although criticized by the American 
Academy of Atlergy and Immunology, 26 is being 
done increasingly and can lead to much unneces- 
sary allergen immunotherapy¢ 

In conclusion, we found a significant difference 
in the levels of allergen-specific IgE antibodies 
measured with the CAP System between two pop- 
ulations of subjects sensitized to common aeroal- 
lergens, and the levels were significantly lower in 
patients with asymptomatic allergy compared with 
those with symptomatic allergy. A cutoff level of 
10.7 kU L for seasonal allergens and 8.4 kU/L for 
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TABLE II. Cutoff values, sensitivity, specificity, and diagnostic values for CAP System and SPT 

Cutoff value Sensitivity Specificity Diagnostic values 

CAP SPT CAP SPT CAP SPT CAP SPT 
(kU/L) (mm 2) (kU/L) (mm a) (kU/L) (mm a) (kU/L) (mm 2) 

All allergen s 11.7 32.2 65.2% 61.1% 76.6% 60.3% 141.8 121.4 
Seasonal  al lergens 10.7 32.4 75.5% 61.6% 76.5% 61.0% 152.0 122.6 
D. pteronyssinus 8.4 31.2 61.6% 66.3% 72.8% 55.6% 134.4 121.9 

D. pteronyssinus was found to discriminate between 
these two groups of patients. The cutoff levels for 
SPT were, respectively, 32.4 mm 2 for seasonal 
allergens and 31.2 mm z for D. pteronyssinus, but 
their diagnostic value was lower than that of the in 
vitro assay. 

We thank Dr. Gian Galeazzo Riario-Sforza for his 
skillful assistance in the  analysis of data. 
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APPENDiX 
Centers participating in the study 
Ospedale Borgo Trento, Verona (L. Andri) 
Ospedale Regionale Umberto I, Ancona (F. Bonifazi) 
Ospedale Civile, Brescia (R. Cattaneo) 
Ospedale Ascoli Tomaselli, Catania (N. Crimi) 
Ospedale Civile, Cagliari (G. S. Del Giacco) 
Ospedale Civile, Novara (M. Galimberti) 
Policlinico Gazzi, Messina (G. Girbino) 
Ospedale Civile, Palermo (A. Lococo) 
Ospedale G. Mazzoni, Ascoli Piceno (G. Nardi) 
Ospedale S. Martino, Genova (A. C. Negrini) 

Ospedale Civile, Pordenone (G. Santini) 
Ospedale Civile, Piacenza (E. Savi) 
Dipartimento di Medicina Interna, L'Aquila (G. Toni- 

etti) 
Ospedale Borgo Roma, Verona (G. Tridente) 
Ospedale A. Sclavo, Siena (Mi Vagiiasindi) 
Nuovo Ospeda!e S. Giovanni di Dio, Firenze (R. Zer- 

boni) 

Coordinating Centers 
Allergy Center, First Department of Internal Medicine. 

University of Milan 
Bizzozero Division of General Medicine. Niguarda Cä 

Granda Hospital. Milan 
Andrea Cesalpino Foundation. First Department of 

Internal Medicine, University "La Sapienza," Rome 
Allergy and Clinical Immunology Center. Scientific De- 

partment of Internal Medicine. University of Genoa 
Department of Allergy and Clinical Immunology, Uni- 

versity of Florence 
Department of Allergy and Clinical Immunology, Uni- 

versity of Bari 


