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In order to establish the most efficient thresholds for serum alle
specific IgE measured by the Pharmacia CAP System. a “second-
generation” in vitro method. we evaluated results from 89 subjects with
suspected inhalant allergies, using receiver-operating characteristic (ROC)
curve analysis. Sera samples were analyzed by the Pharmacia CAP System
for specific IgE, the choice of aliergens to be tested being based upon the
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specificity. efficiency, and negative

symptoms and clinical history of each patient. Results were analyzed by
ROC analysis for the five most representative allergens, cat dander (e ).
Dermatophagoides pteronyssinus (dy). Lolium perenne (gs). wall pellitory
(W,4). and wormwood (ws). The areas under the ROC curves were found
to be satisfactory. ranging from 0.931 (e,) to 0.974 (gs) when we excluded
ws, which had a significantly smaller area (0.81). To establish the most
efficient threshold for each allergen. we calculated the clinical sensitivity.
and positive predictive values. The
thresholds giving a higher diagnostic efficiency were as follows:
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for d,, 0.55 kUa/! for gs. 0.50 for e,, 0.65 kUal for w,,. and 1.00 kUal Laboratorio Centrale

for ws. It is concluded that quantitative reporting of specific 1gE Azienda Ospedale di Padova
measurement has numerous advantages. but the choice of the positive Via Giustiniani, 2
threshold seems to be a prerequisite for obtaining the optimal clinical 36126 Padova
efficiency. It is also suggested that a specific threshold should be adopted ttaly

for each allergen.

In vitro tests for IgE are technically valid for the
measurement of allergen-specific 1gE antibody in
the serum of patients with inhalant allergy. In
particular, it has been demonstrated that ““second-
generation” techniques provide reliable results for
IgE measurement when they are performed well
and interpreted appropriately in the light of the
patient’s clinical history and physical examination
(1-3).

The first available, and probably the most widely
used “second-generation” technique for serum IgE
measurement, the so-called Pharmacia CAP System,
introduced important analytic improvements,
including the capacity for quantitative reporting,
the standard curve of the system being calibrated
against the World Health Organization standard
75/502 for total IgE antibody. Quantitative
reporting has numerous advantages but lacks a
correspondence between arbitrary class scores and
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IgE antibody units. Therefore. the positive threshold
for the CAP System is usually chosen arbitrarily.
according to the manufacturer’s recommendations.
without the opportunity to compare the sensitivities
and specificities of the different cutoffs.

The aim of this study was to establish the positive
threshold for the major aeroallergens measured by
the immunoCAP System using receiver-operating
characteristic (ROC) curve analysis (4, 5). which
gives exhaustive information on the accuracy of a
test. including all its possible decision levels. This
information may be visualized in a graph (ROC
plot) where sensitivity (true-positive ratio) is plotted
against 1-specificity (false-negative ratio) for various
cutoff levels of the test.

Material and methods

An analysis was made of 89 serum samples from
patients — who had given informed consent - with
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suspected inhalant allergies (n=289: 49 females, 40
males; mean age=28.5 years, range 10-61 years).
All patients had respiratory symptoms. with rhinitis
and/or asthma, and had been referred to our allergy
outpatient clinic by their primary care physician. A
careful clinical history was taken. Inclusion criteria
were as follows: age between 10 and 61 years, no
medication which could interfere with the results of
skin testing and no immunotherapy in the past. and
no signs of autoimmune or other immunologic
disorders or neoplasias. The choice of allergens to
be tested both in vivo and in vitro was based upon
the symptoms and clinical history of each patient.
The final diagnosis was based upon full concordance
between case history. clinical data. and in vivo test
results. Data from some patients were discordant.
and were therefore not included in the ROC ana-
lysts, although the specimens were analyzed by
ImmunoCAP and by other sophisticated in vitro
technigques (immunoblot and CAP inhibition). In
20 healthy subjects (10 males and 10 females: mean
age 27 years, range 16 38) with negative in vivo
tests, specific 1gE against all major allergens were
tyed by ImmunoCAP. Five allergens were con-
sidered. as they were numerous enough for a reliable
statistical analysis (Table 1),

In vivo rests

Skin testing was performed by the prick method
and following the recommendations of the ltalian
Society for Allergy and Clinical Immunology (6).
Allergen extracts in S0% glyeerin of mites (5000
PNU ml), pollens (10006 UP ml). and Alrernaria
(10000 PNU ml) from Bayropharm ( Milan. Ttaly)
were used. These extracts have long been used in
our clinical practice. The same lots were used
throughout the study.

The skin was pricked with prick fancets (Hollister
Stier, Milan, Ttaly). Positive and negative controls
were placed, histamine phosphate (Smg ml) and

o eact: allergen

50% glycerin alone being used. respectively. Test
reactions were read after 30 min, and wheal dia-
meters, measured at right angles, were recorded. A
wheal and flare reaction corresponding to a quarter
of the diameter produced by histamine was graded
as one plus (+), half the diameter as two (+ +).
the same diameter as three (+ + +), and twice the
diameter as four (+ + + +).

In vitro rests (Pharmacia CAP System)

Undiluted sera were assayed blind, according to a
previously described method (7. 8). the manufac-
turer’s instructions being closely followed. The
fluoroimmunoassay version was used. Test sera
(50 ul) and standards were incubated at room tem-
perature with the ImmunoCAP for 30 min before
being washed. For the measurement of allergen-
bound IgE antibody. we added specific combina-
tions of polyclonal and monoclonal anti-IgE (Fc
specific) antibodies labeled with p-galactosidase.
After a second incubation of 150 min. the
ImmunoCAP was washed and the substrate,
4-methylumbelliferryl-B-p-galactoside, added. After
10 min. the reaction was stopped, and the fluores-
cence was detected in a fluorometer ( FluoroCount
Pharmacia Diagnostics, Uppsala. Sweden).

All steps (except for the sera and solid-phase
distribution) and the final reading were carried out
by an automated instrument (AutoCAP. Pharmacia
Diagnostics.  Uppsala. Sweden). Results were
expressed quantitatively in  kilo-units per liter
(kUa 1) using the suggested cutoff of 0.35 kUa/l.
The reproducibility of the method was tested both
within assay (20 replicates) and between assay (10
replicates in 10 different analytic sessions) experi-
ments. Within-assay coeflicients of variation (CV"i)
ranged from 1.19 (e;) to 5.24 (d,). respectively.
Between assays. CVs ranged from 4.45 (e,) to 7.74
(g5). respectively.

Positives Negatives Patients
Allergen it 1 not considered”
Cat dander te,! 16 85 8
MM 5 25 M, 40 FI (4F 4 M
Dermatophaguides pteronyssinus (.} 30 53 6
(16 M, 14 F) 20 M, 33 F AM 2F
Lolium perenne (g,) 38 46 5
(23M.15F) 3 M, 33F 4M1E
Wall pellitory (wyal 26 57 8
{1I3M 13 F (22 M, 35 F) (5M, 1F
Wermwood 1w} 15 68 6
5M, 9F (30 M, 38 F) 4M 2F

=maies F=temales

* Patients not considered for ROC anaiysis because of discordance between clinical data and i vivo results
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ROC curves and predictive values

Sensitivity and specificity were defined according to
Galen & Gambino (9). A false-positive ratio corre-
sponds to 1-specificity. With the ROC curve. by
plotting the false-positive ratio (i.e., l-specificity)
against the true-positive fraction (i.e., sensitivity)
and varying the threshold of specific IgE levels. we
define the positive threshold that offers the best
possible compromise between the lowest false-
positive fraction and the highest true-positive frac-
tion. The ideal point, obtained with an ideal test. is
the value of specific IgE giving a sensitivity equal
to 1 and a specificity equal to 1. corresponding to
I-specificity equal to zero. For each allergen. we
also considered the areas under the ROC curve. By
using the positive threshold defined by ROC ana-
lysis. we calculated sensitivity. specificity. efficiency.
predictive positive. and negative values with Test
Evaluation (10) and GraphROC (11) software.

Results

Patients were classified as positive or negative for
the single allergen on the basis of the correspond-
ence between case history, clinical data and in vivo
results. In healthy subjects, the InmunoCAP always
gave results below the detection limit. These data
were not considered in constructing the ROC
curves. Table 1 shows the number of results consid-
ered positive or negative for each allergen used for
constructing ROC plots. In six out of eight patients
with discordant data, the results of CAP inhibition
and immunoblot confirmed the clinical suspicion in
agreement with CAP results.

Figs. 1-5 illustrate the ROC curves for d,. gs.
e;. Wyo. and ws. respectively. The corresponding
areas under the curves were 0.958 for d,. 0.974 for
gs. 0.931 for e, 0.960 for wy,, and 0.812 for ws.
respectively.

For d,. with 0.40 kUa/l as the threshold value.
the sensitivity was 0.96 and the specificity 0.94,
corresponding to a clinical efficiency of 0.95. When
we chose a higher threshold (1.20 kUa/l) in the
search for a higher specificity (1.00), the sensitivity
decreased to 0.80 and the clinical efficiency to 0.92.

For gs. the same clinical efficiency was found
with threshold values ranging from 0.36 and 0.55
kUa/l. At the lowest value (0.36 kUa/l), the clinical
sensitivity was 1.00 and the specificity 0.97, while
at the highest value (0.55 kUa/l), specificity
increased to 1.00 and sensitivity was 0.97.

For e,. the threshold with the highest efficiency
(0.98) was at 0.50 kUa/l, sensitivity being 1.00 and
specificity 0.98.

For wo. optimal clinical efficiency (0.96) was
found at a threshold of 0.65 kU/1, sensitivity being

ROC curves in IgE tests
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Fig. 1. ROC curve obtained with Pharmacia CAP System for
Dermatophagoides pteronyssinus allergen (d, ). Sensitivity = true-
positive fraction: 1-specificity = false-positive fraction.
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Fig. 2. ROC curve obtained with Pharmacia CAP System for
Lolium perenne (gs) allergen

0.92 and specificity 0.98. At lower thresholds
(0.35-0.37 kUa/1). the sensitivity was 1.00 although
specificity was unsatisfactory (0.877). On the other
hand, at higher thresholds (from 1.40). the specifi-
city rose to 1.00. resulting in a low sensitivity (0.84).

Finally, ws was found to be the least efficient
allergen. Optimal efficiency (0.85) was found at a
threshold of 1.00 kUa/l. sensitivity being 0.60 and
the corresponding specificity 0.91. Nor at lower
thresholds did we find a sensitivity higher than 0.80:
in the same way, a specificity of 1.00 was reached
at a very high value (7.0 kUa/l), the corresponding
sensitivity  (0.20) being unacceptable. Table 2
illustrates these results.
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Fig 3 ROC curve obtained with Pharmacia CAP System for Fig. 5. ROC curve obtained with Pharmacia CAP System for
cat dander (e)) allergen wormwood (ws) allergen
1o “quantitative reporting offers numerous benefits,
including facilitation of the usual statistical criteria
for threshold selection and determination of preci-
0y 4 1 . Y ] eV o y a1 SOTT
sion profiles™ (12). Previous papers described the
analytic and clinical efficiency of the Pharmacia
] CAP System for IgE measurement (2, 3. 7). includ-
po ing the measurement of the imprecision profiles
.E (13). The aim of this paper was to establish the
g 1 most eflicient possible threshold values for five
S 4 . N .
o major aeroallergens by ROC curve analysis. To our
knowledge. this method has been used for the
. evaluation of in virro 1gE tests only by De Blay
et al. who analyzed two different techniques
(Pharmacia Phazedym and Abbott Matrix) (14).
o § i, . . and by Williams et al. (15). who used ROC analysis
0.0 0.2 0.4 0.6 0y to to evaluate the efficiency of in virro and i vivo
methods.
1-Specificity To evaluate the specificity of each allergen. we
Fre 4 ROC curve obtined with Pharmacta CAP System tor used a reference p“P“'““““ made up of sympto-
wall pellitony (w1 adlergen matic subjects for allergens different from those
considered. This choice was made in order to evalu-
- ate any possible cross-reactivity between allergens.
Discussion any ¥ ¢ : &

In a group of 20 healthy controls. no positive results
According 1o the Executive Committee of the  for specific IgE were found. They were therefore
American Academy of Allergy and Immunology.  not considered for ROC analysis since specificity is

Tabie 2 Clincal sensitivity, specificity, and efficiency at the thresholds seiected

Thieshold
Allergen {\Ua:t Sensitvity Speciticity PPV* NPV Efficiency
d, 040 098 094 0.90 098 095
G Q.55 097 1.00 1.00 097 098
o 050 100 098 094 1.00 098
Weg 065 09 098 096 096 096

W 100 060 09 060 09 085

TPV = positive predictive vaiue, T NPV = negative predictive vaiue
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always 100% and. if included, they decrease the
prevalence of positives. Moreover, some patients
whose specimens yielded discordant clinical and
in vivo data were discharged and considered at a
later date with sophisticated in virro techniques.
Confirming previous data (3). in six out of eight
patients, in vitro tests gave results more concordant
with the clinical findings than in vivo tests: however,
they were not considered for the ROC analysis since
our study aim was to identify threshold levels in a
well-defined population.

The clinical performance of a laboratory test can
be described in terms of “diagnostic efficiency™. The
latter refers to the quality of the information pro-
vided by the classification device and should be
distinguished {rom the uscfulness or practical value
of the information itself. ROC plots provide a pure
index of accuracy by demonstrating the limitation
in a test's ability to discriminate between alternative
states of health over the complete spectrum of
operating conditions. Furthermore, once the plot is
generated. a user can readily go on to other activit-
ies, such as selecting decision thresholds. The most
common overall measure is the area under the ROC
curve. Traditionally, this area has always been
>0.5, values ranging from 1.0 (perfect separation
of the test values of the two groups) to 0.5 (no
apparent distributional difference between the two
groups of test values). We found that the areas
under the ROC curves were satisfactory. ranging
from 0.931 (e;) to 0.974 (g5) when w5 was excluded.
For this allergen, in fact. the area under the ROC
plot was significantly different (0.8). This finding
confirms the high clinical efficiency of the CAP
System for the IgE measurement of the most
common aeroallergens but also indicates the limita-
tions of this technique for some particular allergens.
The evidence that there are fewer “positives”™ for
this allergen (7=15) than “negatives™ (n1=065) gives
rise to an alternative hypothesis.

Different thresholds for each allergen were found.
thus demonstrating the importance of threshold
selection for an optimal clinical use of 1gE measure-
ment in serum. In some cases. we found two differ-
ent thresholds for the same allergen. one resulting
In a better specificity, the other in a better sensitivity.
This may suggest a different practical utilization of
the results of in vitro measurement of the allergen-
specific IgE antibody depending on the specific
clinical situation. thus stressing the need to confirm
a clinical suspicion (specificity) or the choice of
underlining the sensitivity of the test. From a clinical
viewpoint. because more than 300 allergen specifi-
cities exist, the definition of specific thresholds
should be limited to the major aeroallergens. Other
allergens, such as foods or Hymenoptera venoms.
require further investigation.

ROC curves in IgE tests
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