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RAST represents the standard technique to titrate serum-spectjic IgE and was found to have u 
higher efjiciency in the diagnosis of &E-mediated allergy than other in vitro tests. Pharmacia 
CAP system (CAP) is a new solid-phase immunoassay, fUray automated, used for the titration oj 
specific IgE antibodies. Results are listed in kilounits per liter, equilibrated against the World 
Health Organization standard for IgE. RAST and CAP were compared in IO6 unselected 
patients (6 to 59 years) characterized by a detailed clinical history and skin prick tests with 
standardized allergen extracts. IgE to cat, Dermalophagoides pteronyssinus, Aiternaria, orchard 
grass, olive, and Parietaria pollen were tested; 470 tests were run. The specificity, sensitivity, 
and eflciency of both in vitro tests ranged from 85.5% to 100% except for olive pollen, in 
which the sensitivity of both in vitro tests was low (68.2% for the new test and 63.6% for 
RAST). Except for orchard-grass pollen, the sensitivity and specifiity of CAP were better than 
that of RAST. There was a highly significant correlation between both tests (r range, between 
0.864 to 0.987). CAP competes favorably with RAST and has the advantage of being automated 

and eliciting results in kilounits per liter. (J ALLERGY CLIN IMMJNOL 1990;85:1039-43. j 

Specific serum IgE is widely used in the diagnosis 
of IgE-mediated allergic diseases. Although several 
techniques have been proposed within the past 10 
years, RAST represents the standard technique. In- 
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Abbreviations used 
CAP: Pharmacia CAP system 

PRIST: Paper radioimmunosorbent test 
PRU: Pharmacia RAST unit 

BU: Biological unit 
RIA: Radioimmunoassay 

I 

traduced in 1967 for the semiquantitative titration of 
allergen-specific IgE in serum,‘.2 RAST was improved 
during the years,3, 4 and its accuracy to diagnme spe- 
cific IgE was widely documented.‘. 6 However, in 
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TABLE I. Sensitivity, specificity, and efficiency of RAST and CAP 

Sensitivity (%I Specificity (%I Efficiency (%) 

N CAP FtAST N CAP RAST CAP RAST 

D. pteronyssinus 44 93.2 88.6 46 97.8 93.4 93.2 91.1 
Cat 22 90.9 90.9 63 100 95.2 97.6 94.1 
Alternaria 14 100 85.5 60 100 100 100 97.2 
Orchard-grass pollen 52 98.1 98.1 30 92.8 100 97.5 98.5 
Olive pollen 22 68.2 64.0 47 100 97.9 89.8 86.9 
Parietaria pollen 12 91.6 83.3 62 98.3 98.3 98.9 96.5 

Only true positive and true negative patients were tested. 

RAST, the exact concentration of IgE antibodies is 
not precisely determined.’ The results are expressed 
in PRUs per mililiter that are not related to total IgE 
levels, in rare cases, RAST results may be falsely 
positive in the presence of very high IgE levels,‘, 9 or 
levels of RAST may be reduced by interference with 
IgG,“, ‘I and it is not automated. Comparisons be- 
tween RAST and other in vitro tests developed for the 
diagnosis of IgE-mediated allergy consistantly dem- 
onstrated that RAST was more efficient.‘2-‘6 

A new test system, CAP, was recently introduced.” 
It consists of a new type of solid-phase RIA or enzyme 
immunoassay calibrated against the World Health Or- 
ganization standard for IgE, making it possible to elicit 
results in international units. The instrumentation and 
information-management software was developed for 
measurements of total and specific IgE, and this assay 
can be fully automated. 

CAP was compared with the Phadebas RAST (Phar- 
macia Diagnostics AB, Uppsala, Sweden) in 106 pa- 
tients for the diagnosis of IgE-mediated allergy to the 
six most common allergens of the northern Mediter- 
ranean area to assess whether this new test system 
elicits a similar or better clinical relevance than RAST. 
Allergy diagnosis was based on a detailed clinical 
history and skin prick tests with standardized allergen 
extracts. 

MATERIAL AND METHODS 
Patients 

One hundred six unselected patients (66 males and 60 
female patients), ranging in age from 6 to 59 years 
(mean ? SD; 26.9 2 12.8 years), who were first observed 
in the Allergy Unit of the Chest Clinic were enrolled in the 
study. 

Diagnosis of allergy 
The diagnosis of allergy and characterization of patients 

were based on case history and skin prick tests. 
History of allergy. A detailed questionnaire was directed 

to patients on allergic symptoms, the time symptoms oc- 
curred in the year, and the onset of symptoms when the 

patient was in contact with some known pmipitating fac- 
tors. All subjects had respiratory symptoms and were suf- 
fering from asthma (50%), rhinitis (81.0%), and/or con- 
junctivitis (30.2%). Seven patients had both asthma and 
atopic dermatitis. Three patients suffered from a food allergy 
associated with allergy to inhalants. 

Skin prick tests. Skin prick tests were performed with 
glycerinated extracts provided by Stallergenes Laboratories 
(Fresnes, France), as previously described, with a 9% co- 
deine phosphate-positive control solution.‘* The extracts 
were prepared according to the proposals of the Allergen 
Standardization Subcommittee of the International Unions 
of Immunological Societies, and their preparation was pre- 
viously described in detail.” All the extracts used for the 
comparison of both IgE antibody tests were standardized by 
in vivo and in vitro testsI and labeled in biologic units 
according to the Nordic Countries guidelines on allergen 
standardization.” Moreover, all the inhalant seasonal and 
perennial allergens prevalent in the Montpellier area and the 
six most common food extracts were tested according to a 
previous study.*’ None of the patients had taken medications 
that might interfere with the performance of the test before 
the investigation.Z 

Skin tests with the whole battery of extracts, as indicated 
in Table I, were done in all patients included in the study. 

Skin tests were considered to be positive when the wheal 
size induced by the allergen was at least 75% of the wheal 
size induced by the codeine phosphate-positive control. 

Only patients with either a definite clinical history to a 
given allergen and a concordant positive skin test (allergic 
group) or subjects with no history to a given allergen and 
a negative skin test (nonallergic group) were investigated. 

Titration of serum-specific IgE 
The titration of serum-specific IgE was done by both 

RAST and CAP. 
RAST. The titration of serum-specific IgE was done by 

Phadebas RAST according to the package insert, and results 
were listed in PRUs per milliliter. 

CAP. CAP is a new laboratory system representing 
a further development of Phadebas RAST. It consists of 
a solid-phase RIA, instrumentation, and information- 
management software. for the automated measurement of 
total and specific IgE in undiluted serum or plasma. The 
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assay can be performed as an RIA or a fluorimetric assay. 
In this study, the RIA was used. 

The system is built around a new type of solid-phase 
consisting of a flexible hydrophilic carrier polymer encased 
in a capsule (CAP). The carrier consists of a CNRr-activated 
cellulose derivative. This solid phase is in principle similar 
to that of the paper disk, but it has a three-dimensional 
structure increasing the surface and allowing a closer contact 
between the bound allergens and serum IgE antibodies. The 
new system can bind at least three times more protein than 
a corresponclmg paper disk and about 50 times more than 
can be adsorbed in the inner surface of a traditional coated 
tube. Equilibrium between bound allergen and serum IgE 
is reached within 20 minutes. 

The system uses polyclonal and monoclonal antibodies 
‘251-labeIed or j3-galactosidase-generating fluorescence by 
splitting the fluorogenic substrate 4-methylumbelliferyl-R- 
D-galactoside. The assay is calibrated against the World 
Health Organization standard for IgE, and results are ex- 
pressed quantitatively in kilounits per liter for total IgE and 
kilounits per liter for specific IgE. There are two sets of 
calibrators: 0.35 to 100 kU/L for specific IgE and low range 
total IgE, and 2 to 2000 kU/L for wide range total IgE. 
The cutoff (positive/negative) remains the same as for the 
Phadebas RAST, and the interpretation is both in classes 
and kilounits of IgE. 

CAP discriminates effectively low IgE antibody levels 
from background. The specificity of the system is very high. 
Twenty-eight normal blood donor samples tested with 20 
common inhalant and food allergens were negative in 557 
of 560 tests. Nonspecific binding of high total IgE, up to 
3000 kU/L to 56 allergens, was found to be insignificantly 
different from blood-donor background. In another exper- 
iment. it was found that 20,000 kU/L of nonspecific IgE 
was not interfering with the six allergens tested. Cross- 
reactivity with other immunoglobulins is less than one per 
2 million. Interference from specific IgG has not been ob- 
served. ’ ’ 

Allergen species tested. Six allergens were tested: 
Dermatophagoiaks pteronyssinus, cat dander, Alternaria, 
orchard-grass pollen, olive pollen, and Parietaria oficinalis 
pollen. 

Total swum IgE 
Total serum IgE was measured by Phadebas PRIST ac- 

cording to the package insert. 

Statistical anslysis 
All data were analyzed after log transformation. For each 

allergen species tested, we determined the specificity, sen- 
sitivity, and efficiency according to the method of Galen 
and Gambino.*3 Moreover, we calculated the linear corre- 
lation coefficient between the results of both in vitro tests 
in allergic patients. 

RESULTS 

The comparisons were performed on a total of 470 
tests in which the classification of allergy was clear- 

TABLE If. Mean values and correlation 
between RAST and CAP 

-1. -__I__ 
i 

D. pteronyssinus 
Cat 
Alternaria 
Orchard-grass pollen 
Olive pollen 
Parietaria pollen 

0.956 
0944 

0.894 
(1.987 
0. X70 
0, x64 

-- 
r, Linear correlation coefficient between CAP and RAST for patients 

with positive skin tests and clinical history. 

cut (true positive and true negative) with both in vitro 
tests measuring specific IgB. The results indicate that 
for all allergen species tested, CAP is at least as 
sensitive as the RAST, but both tests are not sensi- 
tive enough for olive pollen. Moreover, except for 
orchard-grass pollen, CAP is more specific than RAST 
(Table I), and the specificity of the new test is always 
>92.8%. The efficiency of CAP is greater than that 
of RAST for the whole study (CAP, 96.8%; RAST, 
94.2%) and for all allergens except for orchard-grass 
pollen. Both tests have an efficiency of >85%, which- 
ever allergen is examined. 

There was no false-positive reaction in subjects with 
hi total serum IgB levels. Ten patients with negative 
RAST and CAP had total serum IgE >I000 kU/L. 
The maximal values of total serum IgB in these pa- 
tients ranged from 1452 kU/L for D. pter~~la~~sinus 
to 1844 kU/L for olive pollen. 

Mean values obtained in allergic patients ranged 
from 12.5 kU/L to 51.5 kU/L with CAP, and 3.4 
PRU/mL to 27.0 PRU/mL with RAST (Table II). 
There was always an excellent correlation between 
results obtained with both tests (r ranging from 0.864 
to 0.956). 

DISCUSSION 

CAP and RAST correlate very well the allergic 
history and skin prick tests. The new test has a slightly 
higher sensitivity, speci.f&ity, and efficiency than 
RAST, but because of the great quality of RAST, the 
differences are not very large in the present study. 

Allergy was studied by means of the clinical history 
and skin prick tests with standardized allergen ex- 
tracts. We wanted to assess the value of a solid-phase 
in vitro test, and we purposely used stan&rdized al- 
lergens for skin tests coming from a different source 
than allergens used in the in vitro tests, since the 
quality of solid-phase immunoassays is largely de- 
pendent on the quality of allergens.“~ 25 For skin tests 
we used high-quality extracts of Mediterranean pol- 
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lens and observed that neither of the two in vitro tests 
was sensitive enough in the diagnosis of olive-pollen 
allergy when these tests were evaluated against case 
history and skin prick tests. This discrepancy may be 
due to the difference in quality of allergens. 

Many studies have already examined the correla- 
tions between skin test and RAST results. It has been 
observed that there is an overall excellent correlation 
for well-characterized and standardized allergens, as 
well as for well-characterized patients.26-29 However, 
RAST is usually less sensitive than skin tests.27”0 We 
observed a better correlation between results of skin 
tests and RAST than in most other studies, even 
though allergens for skin tests and in vitro assays were 
coming from different manufacturers. This may be 
due to the improvement in the accuracy of RAST and 
to the use of standardized allergen extracts for in vivo 
and in vitro tests. These results confirm therefore the 
importance of standardized extracts in the diagnosis 
of IgE-mediated allergy since it has already been ob- 
served for the comparison of skin test methods.31 The 
correlation between skin tests and CAP is even better 
and accords with other studies,17 indicating that the 
new solid-phase immunoassay competes favorably 
with RAST. It therefore appears that we, now for the 
first time, have a system for measuring IgE antibody 
superior to RAST. 

In the present study, we did not observe any 
disturbancelO~ l l in RAST or CAP by elevated total 
serum IgE because many sera containing between 
1000 kU/L and 1844 kU/L of total IgE were tested, 
and there was no false-positive RAST or CAP result. 
This result agrees with data of AxCn et al.17 who 
demonstrated no disturbance with sera containing at 
least 3ooO kU / L of total serum IgE. 

REFERENCES 

1. Wide L, Bennich H, Johansson SGO. Diagnosis of allergy by 
an in vitro test for allergen antibodies. Lancet 1967;2:1105-7. 

2. Johansson SGG, Bennich H, Berg T. In vitro diagnosis of 
atopic allergy. III. Quantitative estimation of circulating IgE 
antibodies by the radioallergosorbent test. Int Arch Allergy 
Appl Immunol 1971;41:443-51. 

3. De Filippi I, Yman L, Schroder H. Clinical accuracy of updated 
version of the Phadebas RAST test. AM Allergy 1981;46:249- 
55. 

4. Wcoud A, Gchsner M, Arrendal H, Frei C. Improvement of 
the radioallergosorbent test (RAST) sensitivity by using an 
antibody specific for the determinant E2. Clin Allergy 
1982;12:75-81. 

5. Homburger HA, Katzmann JA. Methods in laboratory im- 
munology: principles and interpretation of laboratory tests for 
allergy. In: Middleton E Jr, Ellis BF, Reed CE, Adkinson NF 
Jr, Yunginger JW, eds. Allergy: principles and practice. 3rd 
ed. St. Louis: CV Mosby, 1988;402-18. 

6. Kemeny DM, Lessof MI-I. Recent developments in RAST and 

other solid-phase immunoassay systems. Amsterdam: Excerpta 
Medica, 1983. 

7. Gleich GJ, Jones RT. Measurement of IgE antibodies by the 
radioallergosorbent test. II. Analyses of quantitative relation- 
ships in the test. J ALLERGY CLIN IMMUNOL 1975;55:346-5 1. 

8. Axen R, Emback S. Chemical fixation of enzymes to cyanogen 
halide-activated polysaccharide carriers. Eur J Biochem 
1971;18:351-4. 

9. Hoffman DR. Comparison of methods of performing the ra- 
dioallergosorbent test: Phadebas, Fadal-Nalebuff, and Hoffman 
Protocols. Ann Allergy 1980;45:343-6. 

10. Zimmermann EM, Yunginger JW, Gleich GJ. Interference in 
ragweed pollen and honeybee venom radioallergosorbent tests. 
J ALLERGY CLM IMMUNOL 1980;66:386-93. 

11. Vervloet D, Fujita Y, Wypych JI, Reisman RE, Arbesman CE. 
The inhibitory effect of serum factors on measurements of IgE- 
Aspergillus antibodies by RAST. Clin Allergy 1974;4:359-67. 

12. Pecoud A, Peitrequin R, Fasel J, Frei PC. Comparison of two 
assays for the determination of specific IgE in serum of atopic 
and nonatopic subjects: the allergenetics FAST and the Phad- 
ezym RAST. Allergy 1986;41:243-9. 

13. Gueant JL, Monneret-Vautrin DA, Dejardin G, et al. Com- 
parative evaluation of RAST and FAST for 11 allergens in 288 
patients. Allergy 1989;44:204-9. 

14. Seltzer JM, Halpem GM, Tsay YG. Correlation of allergy test 
results obtained by IgE FAST, RAST, and prick-puncture meth- 
ods. Ann Allergy 1985;54:25-30. 

15. Schriider H, Thalberg K, Lundberg A. New techniques in 
specific IgE-antibody measurements. Allergy 1985;4O(suppl 
4):14-7. 

16. Crimi E, Brusasco V, Crimi P, Brancatisano M, Bregante A. 
The fluoroahergosorbent test: a comparison with RAST and 
skin test in respiratory allergy. Ann Allergy 1988;61:371-4. 

17. Axen R, Drevin H, Kober A, Yman L. A new laboratory 
diagnostic system applied to allergy testing. In: Johansson 
SGO, ed. Proceedings of a clinical workshop IgE antibodies 
and the Pharmacia CAP system in allergy diagnosis. Uppsala, 
Sweden: Pharmacia Publication, 1988:3-5. 

18. Bousquet J, Calvayrac P, Gu&in B, et al. Immunotherapy with 
a standardized Dermatophagoides pteronyssinus extract. I. 
Evolution of in vivo and in vitro parameters after a short treat- 
ment course. J ALLERGY CLJN IMMIJNOL 1985;76:734-44. 

19. Bousquet J, Djoukhadar F, Hewitt B, GuCrin B, Michel FB. 
Comparison of the stability of a mite extract and a pollen extract 
stored in normal conditions of use. Clin Allergy 1985;15:29- 
35. 

20. Aas K, Bakman A, Belin L, Weeke B. Standardization of 
allergen extracts with appropriate methods: the combined use 
of skin prick testing and radioallergosorbent test. Allergy 
1978;29:130-7. 

21. Onorato J, Merland N, Terra1 C, Michel FB, Bousquet J. 
Double-blind food challenge in asthma. J ALLERGY CLIN IM- 
MUNOL 1986;78:1139-46. 

22. Bousquet J. In vivo methods for the study of allergy: skin tests, 
techniques, and interpretation. In: Middleton E Jr, Ellis EF, 
Reed CE, Adkinson NF Jr, Yunginger JW, eds. Allergy: prin- 
ciples and practice, 3rd ed. St. Louis: CV Mosby, 1988:419- 
36. 

23. Galen RS, Gambino SR. Beyond normality: the predictive 
value and efficiency of medical diagnoses. New York: John 
Wiley & Sons, 1975. 

24. Berg T, Johansson SGO. In vitro diagnosis of atopic allergy. 
V. The value of repeated testing using several batches of the 
allergen extract. Int Arch Allergy 1976;51:471-8. 



Evaluation of Pharmacia CAP system for titration of IgE 

25. Schroder H. RAST-based techniques for allergen assay. In: 
Brede HD, Going H, eds. Proceedings of the First Paul Ehrlich 
Seminar on Regulatory Control and Standardization of aller- 
genic extracts. Stuttgart: Fisher Verlag, 1980:139-44. 

26. Berg T, Bennich H, Johansson SGO. In vitro diagnosis of 
atopic allergy. I. A comparison between provocation tests and 
the radioallergosorbent test. Int Arch Allergy Appl Immunol 
1971;40:770-8. 

27. Berg TLO, Johansson SGO. Allergy diagnosis with the ra- 
dioallergosorbent test: a comparison with the results of skin 
and provocation tests in an unselected gruup of children with 
asthma and hay fever. J ALLERGY CLIN IMMLJNOL 1974;54:209- 
1s. 

28. Eriksson NE, Ahlstedt A, Belin L. Comparison between 
RAST, skin tests, and provocation tests. Int Arch Allevy Appl 
Immunol 1976;52:335-46. 

29. Yunginger JW, Gleich GJ. Seasonal changes in IgE-antibodies 
and their relationship to &$-antibodies during immunotherapy 
for ragweed hay fever. J Clin Invest 1973;.52:1268-75. 

30. Knauer KA, Adkinson NF Jr. Clinical significance of IgE. In: 
Middleton E Jr, Ellis EF, Reed CE, eds. Allergy principles 
and practice. 2nd ed. St Louis: CV Mosby, 19X3:673-%8. 

31. Chanal I, Horst M, Segalen C, Dreborg S, Michel FB, Bous- 
quet J. Comparison between modified skin prick test with star- 
dardized allergen extracts and Phazet. J AI.I.ER(;‘, (‘I.IN Iu- 
MUNOL 1988;82:878-8 1, 

n of the inter&ty 
of inhaied bitekrol am4 III 
ca#i#m and airway r 

to histamine 

James B. Harris, MD,* Richard C. Ahrem, MD, Gary WJaae, PharmD, 

Linda Annis, Rebecca Ries, BA, and Connie Hemdrick8r, !?I?1 
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lnhaled Pagonists can produce bronchodilatation and reduce airway hyperreactivity in patients 
with asthma. Using these two measures, we compared inhaled bitolterol (three pt.@, 1 I10 pg), 
albuterol (two puffs, 180 pg), and placebo administered by metered-dose inhaler in a blinded, 
crossover study of 40 subjects with chronic asthma. On each study day, subjects unakrwent 
histamine challenges at 1% hours before, and I/r, 2, 4, 6, and 8 hours afer inhaling oFse of the 
three test-drug treatments. Both drugs produced significant bronchodilatation at 30 minutes 
through 4 hours and significant effects on airway reactivity at 30 minutes through 2 hours 
(p < 0.05). Bitolterol also produced small but significant bronchodilator effects at 6 hours and 
effects on airway reactivity at 4 hours (p < 0.05). Effects of bitolterol on airway reactivity 
diminished sign$catily more slowly than eflects of albuterol in subjects with baseline 
provocative concentration causing a 20% fall in FEV, 21 .O mglml of histamine (half-life of 
biologic effect 1.37 versus 0.92 hours; p < 0.05) but not in subjects with baseline provocative 
concentration causing a 20% fall in FEV, 51 .O mglml (half-life of biologic effect of 1 .OI versus 
1 .OO hours; p > 0.05). (J ALLERGY CUN IMMVNOL 1990;85:1043-9.) 
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