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Clinical evaluation of a new in-vitro assay for specific
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Summary

The Pharmacia CAP system is a new assay for specific IgE characterized by a new solid
phase (hydrophilic polymer encased in a capsule). The CAP results were compared to
those of the Phadebas IgE RAST and skin-prick tests (SPT) performed in 145 subjects
suffering from rhinitis and/or asthma with eight common inhalant allergens (total
number of tests ^ 1160). ConcordingCAP/RAST results were found in 91";, of the tests.
The CAP was positive in 78'/'ii and the RAST in 65"/u of the positive SPT. Conversely, the
CAP was negative in 90-6'M. and the RAST in 96-4% of the negative SPT. A pattern
'negative SPT. negative RAST and positive CAP' was found in 56 tests (40 subjects): in
four such subjects, the CAP positivity was confirmed by a positive IgE crossed radio-
immunoclectrophoresis. Three borderline positive results were found among 240
negative controls (serum from cord blood or non-atopies). These data indicate that
compared with SPT the CAP system is (a) more sensitive than the Pharmacia RAST and
(b) does not seem less specific.

Clinical and Experimental Allergy, Vol. 21. pp. 127 131. Submitted 20 December 1989;
revised 25 May 1990: accepted 28 August 1990.

Introduction

In 1967. Wide t'/ii/. [I] described the radio-allergosorbent
test (RAST), the first in-vitro assay to detect allergen-
specific IgE in serum of allergic palients. Since then a
variety of assays have been produced: technical modifica-
tions have been applied to the solid phase used to render
the allergens insoluble (paper disc, polystyrene tube wall),
to the tracer (radio- or enzyme-labelled, monoclonal or
polyclonal anti-IgE). or the substrates (spectrophoto-
metric or fluorometric reading) [2-6]. The RAST has been
shown generally to be less sensitive compared to the
results of skin testing, being positive in about 60-70% of
the positive skin-prick tests (SPT) and this has not been
conclusively changed by the introduction of newer meth-
ods [7]. Recently, a new assay has been developed, the
Pharmacia CAP system. We have compared the results of
this test to those of the conventional Phadebas IgE RAST
and to those of SPT, with a special emphasis on the
sensitivity and the specificity of this new assay.

Correspondence: Dr A. Pecoud. Division ot Immunology and Allergy,
CHUV. CH 1011 Lausanne. Switzerland.

Subjects and methods

Subjects

Sera from the following subjects were tested.

(a) One hundred and forty-five patients (83 males; mean
age: 33 yr, range: 14 65) referred to our allergy out-
patient clinic by their primary care physician for investi-
gation of rhinitis (132) and/or asthma (65). In all a careful
history was taken by a trained allergist. None had taken
any drug which could interfere with the results of skin
testing during the month prior to ihe investigation and
none had used astemizolc for 2 months.
(b)Ten 'non-atopic volunteers', defined as adults who did
not sutTer from any past or present disease, being SPT and
Phadebas lgF, RAST negative for the following 15
extracts: Dermatophagoides pteronyssinus ("DptJ and D.
farinae. cat, horse, dog. Alternaria tenuis. Cladosporium
herharum, pollen of Dactylisglomerata, a mixture in equal
parts of four grass pollens (rye, timothy, velvet grass and
cultivated rye), birch, hazel, oak. mugwort and ribwort
(Phannalgen, Pharmacia, Uppsala, Sweden). In all, total
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IgE was lower than 80 kU/l (Phadezym IgE PRIST,
Pharmacia).
(c) Twenty samples of cord serum, collected at birth from
unselected newborns.

Allergens tested

All ser;i mentioned above were tested by both Phadebas
IgE RAST and the CAP system to detect IgE specific for
the following eight allergens: Dpt, cat, dog, horse, a grass
pollen {D. glomerata). birch, ribwort and mugwort.

Skin prick tests

SPT were performed on the volar surface of both
forearms by means of a disposable prick tester (Stnller-
pointe, Stallergene, Joinville-lc-Point, France). A stan-
dardized allergen extract was used at the highest concen-
tration available [7]: 10000 BU/ml (for Dpt and animal
danders) and 100000 BU/ml (for pollens) of a standard-
ized allergen extract (Pharmalgen, Pharmacia); SPT were
not performed in duplicate. The reactions were graded
according to the following scale: a test was negative if the
reaction was similar to that produced by the vehicle
solution (negative control) and 3+ positive when the
magnitude of the weal was identical to that produced by
10 mg/ml histamine (positive control). The diameters of
the weals obtained with all positive histamine controls
were ^ 4 mm. No negative control induced any sizeable
weal (absence of dermographic reaction). In this study, ail
SPT with a negative or a I + result were considered
negative, whereas results 2-f (3 mm) or above were
considered positive.

Determination of specific IgE in serum

The conventional Phadebas IgE RAST was performed by
following the manufacturers instructions exactly (single
determination). Briefly, a cellulose disc to which the
allergen is covalently bound is incubated with the
patient's serum. After washing, radiolabelled goat anti-
human IgE is added and, after a second wash, radioacti-
vity is measured by a gamma counter. Results are
expressed in PRU/ml and graded from class 0 (<O35
PRU/ml) to class 4 (>17 5 PRU/ml). In the present
sludy, all classes 1-4 results (>O35 PRU/ml) were
considered positive.

The CAP was performed blind in the laboratories of
Pharmacia Diagnostics AB, Uppsala (single determina-
tion). The technical characteristics of the assay are
described elsewhere [8 10]. Briefly, the test uses a new
type of solid phase, a flexible hydrophilic carrier polymer,
CNBr-activated, encased in a capsule ("ImmunoCAP').
The allergen-bound IgE is detected by a mixture of
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Fig. 1. Correlation between the results of RAST and CAP (145
sera tested for eight allergens: 1160 tests).

polyclonal and monoclonal antibodies directed against
the Fc portion of IgE, either radioiabelled ('• '̂'l) or
enzyme-labelled (//-galactosidasc). The assay is calibrated
against the WHO Standard for IgE, between 0 35 and 100
kU/i. Thecut-QlT(positive negative) and the class system
remain the same as for the Phadebas RAST.

Detection of allergen-.specific IgE hy crossed immuno-
electrophoresis and crossed radio-inimunoelectroplwresis
(CIECRIE)

The CIE-CRIE technique was used according to the
method described by Lowenstein [11]. The allergen
extract (cat: 30/igand Dpt: 150/jg protein of Pharmalgen
extract) was first subjected to eiectrophoresis and then
migrated in the second dimension in a gel containing
rabbit anti-cat and DPt (gift from R, Einarsson, Upp-
sala), respectively. After incubation with the patient's
serum, precipitate-bound TgE were detected by incuba-
tion with ['-̂ 1] anti-IgE (Pharmacia) followed by auto-
radiography. Sera from non-atopic subjects were used as
negative controls.

Results

Among the 145 subjects, 43 (32 with rhinitis only, 11 with
asthma) were found not to be allergic, all tests available
being negative (SPT, RAST, CAP). All others had at least
one test indicative of allergy.

The comparisons between CAP and RAST results of all
subjects are shown in Fig. I and Table I. Figure I shows
that for each level of positivity the intensity of the signal
was superior with CAP than with RAST. In Table 1,
results of the concordant and discordant results are
detailed: 9\"A^ of the discordant results consisted of a
positive CAP and negative RAST.
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Table 1. Comparison of RAST and CAP results on the same serum

Allergen

Dpt
Cat
Horse
Dog
Grass
Birch
Mugwort
Ribwort

Total

Percentage

Concordant results

RAST- /CAP- RAST-(-/CAP-)-

104
109
121
107
86

114
111
107

859

74

23
31
14
15
55
24
19
18

199

17'2

91-2%

Discordant results

RAST+/CAP- RAST-/CAP-I-

0
0
1
2
0
0
2
0

5

0-4

18
5
9

21
4
7

13
20

97

8 4

8-8%

Analysis of the concordant and discordant pairs (RAST- and CAP-positive if 5=0 35
PRU/1 and ŜO 35 KU/1, respectively).

(a) (b)

SPT-f-
IOO

50

^=925
SPT-

Table 2. Comparison of RAST and CAP results to positive SPT

RAST+
65%

CAP-f
78%

RAST-
96-1% CAP-

Fig. 2. Sensitivity (a) and specificity (b) of RAST and CAP
compared to SPT.

Compared to the results of positive SPT. the CAP was
more often positive {78"/.,) than the RAST (65'^) (Fig.
2a); among the 152 positive RAST, 147 were also positive
with CAP. As shown in Table 2, this higher number of
positive results with CAP was mainly obtained with Dpt.
dog, horse, birch and ribwort.

Conversely, there were 925 negative SPT: in 891
(964%) of them the RAST was negative and in 838
(90-6%) the CAP was negative (Fig. 2b). Positive RAST
and CAP corresponding to a negative SPT were found
with all allergens. Among the 34 positive RAST, 31 were
also positive with CAP.

The pattern 'negative SPT, negative RAST and posi-
tive CAP" was found in 56 tests (out of a total of I 160 tests

Allergen

Dpt
Cat
Dog
Horse
D. glomerata
Birch
Mugwort
Ribwort

Total

M.-. ,-.)'
INO. 01

positive
SPT

35
41
17
19
54
23
24
22

235

No. of corresponding

Positive
RAST (%)

19(54)
26 (63)
8(47)
8(42)

47 (87)
17(74)
17(71)
10(45)

152(65)

Positive
CAP (%)

25(71)
28 (68)
12(71)
14(74)
49(91)
20 (87)
18(75)
18(82)

184 (78)

performed, i.e. 4-8%) and in 40 out of 145 subjects (27%).
Among these positive CAP, 35 were found in class 1 and
21 in class 2. These 56 results were found with dog (13),
ribwort (11). Dpt (10). mugwort (nine), horse (five), birch
(four), cat (three) and D. glomerata (one). Ninety-one per
cent of these positive CAP (51/56) were found in atopic
subjects, defined as being SPT- and RAST-positive for al
least one other allergen. In 23 of these 40 subjects the
history was compatible with hypersensitivity to the
allergen detected by CAP only.

In one such subject who suffered from chrimic rhinitis,
exacerbated at home where he was exposed to three cats.



130 Annette Leimgruber et al.

Fig. 3. C R i n pailcni ol tour subjccls wilh ncgalivc S I T . negative RAST and positive CAI' . tor ciil (a) and lor Dpi (b d).

SPT and RAST were negative, whereas CAP was positive:
ihe IgFXRlEofthis subject disclosed a faint but clear-cut
line of IgF bound to cat albumin (Fig. 3a). In three other
subjects sulVering from chronic non-seasonal rhinitis
asthma and who had negative SPT, negative RAST and
positive CAP for Dpt. the IgE CRIE disclosed typical
lines of IgE hound to Dpt proteins (Fig. 3b-d).

No precipitate was seen on the CRIE when these tests
were performed in the same technical conditions but with
serum obtained from non-atopic volunteers.

All CAP tests performed in 20cord sera (160 tests) were
negative: three(I 25%) out of 80 tests performed in serum
from 10 non-allergic adult subjects were borderline
positive: two for grass (0 5 and 17 kU/l) and one for
ribwort (06 kU/I).

Discussion

The allergic investigation of respiratory diseases (rhinitis
or asthma) is based on the association of a careful history
and the detection of allergen-specific IgE either in the skin
(SPT) or in serum by an in-vitro assay. Numerous studies
have investigated the relative advantages and limits of
each method [12 16]; it is commonly accepted that
combining these methods provides information which is
as accurate as provocation tests of the target organ with
the allergen [17].

In the present study, we have considered the results of
SPT, RAST and CAP as cither positive or negative
because, for the clinician, the fact that the result is positive
or negative is more important than the degree of the skin
reaction or the amount of specific IgE detected. In the
recently developed CAP system, the new flexible hydro-
philic polymer encased in a capsule can bind about three
times us much proteic allergens compared to the conven-
tional cellulose discs; improved detection of the allergen-

bound IgE was obtained using a mixture of both
polyclonal and monoclonal IgE [8-10]. We designed a
study to determine whether these modifications had
improved the clinical results of the new assay, compared
to the conventional RAST and to the results of SPT.

Our data show first that (he new CAP system gives
more positive results than the RAST; compared to the
positive SPT results, the CAP was positive in 78%
whereas the RAST was positive in 65'M, of the tests. This
RAST performance is in agreement with the results of
many studies performed with this method [12 17].

The fact that CAP provided more positive results raised
doubts about the specificity of the new test. When we
looked for the positive results obtained when the SPT
were negative (so called 'false positive compared to SPT)
we found a higher proportion of positive results: 9"A< with
CAP versus4% with RAST. This was true for all allergens
tested.

We tried therefore to determine whether these appar-
ently "false positive" results were technical errors or
indicated the true presence of low amounts of circulating
specific IgE. Our results suggest that these positive results
were true positives. First, the vast majority (91"/,,) of these
positive results were found in atopic subjects. Moreover,
31 of the 87 'false positive' CAP results were also positive
in RAST: the fact that two in-vitro assays performed
independently were positive suggests that both assays
detected the presence of IgE in serum and that the SPT
could be a 'false negative". Then, when we looked more
precisely into the 56 CAP-positive isolated, we found, in
two-thirds of the subjects thai the case history was
compatible with hypersensitivity to the allergen detected
by CAP only.

The number of subjects with negative SPT, negative
RAST and positive CAP was surprisingly high (40 out of
145 subjects). We cannot conclude from the subjects that
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the CAP was more sensitive than SPT because this
obviously depends on the strength of the extract used for
SPT. Four of the allergens (Dpt, cat. dog. horse) con-
tained 10000 BU/mi. i.e. the highest concentration
commercially available. These four allergens accounted
for 31 of the 40 subjects with negative SPT. negative
RAST and positive CAP. SPT performed with more
concentrated extracts could have given different results.

In addition, when we applied one method of diflerent
design (CIE-CRIE) to verify the presence of specific IgE
in four of these sera, randomly selected, we obtained
positive results with the four sera. With the CRIE
technique, the presence of a precipitate line for cat
albumin and for Dpt proteins, typically found in the well
established CRIE pattern of these two allergens,
undoubtedly indicates the presence of specific IgE for cat
and Dpt allergens [18]. The IgE binding was specific
because results obtained with sera from non-allergic
controls were negative. Finally, indirect evidence that the
observed increase in sensitivity of the CAP was not
related to a decrease in specificity was derived from the
determination of CAP in control sera, such as cord serum,
which should not contain specific IgE [19,20]; indeed, no
positive result was found among the 160 tests. Also, in
sera obtained from 10 non-atopic volunteers, only three
borderline results out of 80 tests were found positive.

We conclude that the new CAP system gives a higher
number of positive results than the RAST {increased
sensitivity) and that the specificity of the CAP (versus
SPT) is good within the limits of our study (limited
number of subjects and allergens studied). Further
studies, using provocation tests, are needed to appreciate
differences of specificity between CAP and RAST more
precisely.
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