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Methods for Qr"ntifyirg Allergen-Sp"cific
rgE Antibodies: solid-Phale an-d

Liquid-Phase Techniques ?slíy
Cbarles Mcsbarry PhD Im C. McKay PhD Catriona lrwis, MIBiol

Thc rdrfivc procedures and merits of IgE measurcment
by rclid-pbase (RAST) and liquid-phase (AIaSTAT) as-
reys for IgE ncasurement are described. The wide nor-
mal range of total IgE and the imprecision of the solid-
phase IgE utibody Fesay make the decision for cut-off
values for clinical rignificance both arbitrary and diffi-
cult. Basd on information theory, the RAST procedure
ould be made mone informative Íf an arùitrary boundary
ras ret at approximately 4 PRU/mL in a clinically aller-
$c patient group. With present knowledge, it is not valid
to assume that these tcsts by themselves shoutd carry
much wcigùt as screening tests ín reaching a positive
dhgnosis of atopic allerg. Fully automatcd IgE assays
bave bccome a rcality due to computerization of data
proccssing end the advent of new reagent technology
nrch as f,uid-phase aIleIg€N, and computerization of
daa archiving and retrieval. These advances will allow
bettcr discasc essociation of IgE in populations, better
$ality contnol and, ultirnntely, better understanding of
the rignificance of measuring these antibodies.
Kelvords: IgE; IgE antibody tests; Fluid/liquid-phase
dlergens; Solid-phase dlergsns; RAST; CAp;
AIaSTAT; Qualig oontrol; Information theory.
Journal of Clinical Immunoassay 1993;16: 153-158.

hùocfuctlon
A new human serum immunoglobulin class pos-

cessing reaginic antibody activity was first demon-
strated in 1966 (/) and was termed immunoglobulin E
(2). This was confirmed soon after by the finding of a
myeloma protein composed of immunoglobulin E
(IgE), that allowed detailed biochemical analysis (J,4).
One immediate eonsequence of this work was the de-
velopment of assays to measure this immunogtobulin.
A radioimmunoassay (RIA) (the radioimmunosorbent
test, RJST) (J) demonstrated that IgE was presenr in
scrum in low concentrations: t ng/ml compared with
mg/ml amounts for the major antibody classes. This
RIST method was adapted to demonstrate in vitro the
antibody activity of IgE to particular allergens. This
sandwich RIA was catted the radioallergosorbent test

(RAST) (ó). More recent methods for the detection of
IgE antibody include the CAP RAST (called lmmuno-
CAPo in the USA to avoid confusion with the College
of American Pathologists) system (Z), the Multiple An-
tigen Simultaneous Test, MAST (8), the Quidel allergy
screen (9), the enzyme immunoassay testing system
(t0) and the AIaSTATo (//). This last system mea-
sures IgE antibody activity to allergens in liquid phase,
whereas the others use allergen bound to a solid phase
so as to immobilize and measure circulating IgE anti-
body. All of the scientifically proven tests available for
IgE measurement in the UK will be referenced as an
Appendix, in the form of a procedural summary and
tabulation of the main features of each test, to a report
by the British Society for Allergy and Clinical Immu-
nology Working Group on In Vitro Allergy Testing
(I2). The aim of this current report wiil be to consider
the solid-phase RAST and the liquid-phase AIaSTAT
methods.

Assey for lgE entlbocly: Llquld phase
A fluid-phase [gE enzyme immunoassay has re-

cently been introduced (AIaSTAT-EIAo, Diagnostic
hoducts Corporation, USA). This method chims ad-
vantages over the solid-phase assays. Firstly, it can be
fully automated because there are no solid-phase re-
agents to manipulate. Secondly, IgE antibody activity
to both protein and nonprotein allergens can be mea-
sured, because the binding of allergen to carrier matrix
is done by a variety of coupling agents (tisted below).
Thirdly, no potentially dominant epitope is masked in
the coupling procedure, bcause the difrerent coupling
agents san react with different parts of the molecule.

Preparation of the allergen reagent: Allergens are
bound to branched, soluble polymer matrices such as
dextran (70-400 Kda) and remain in solution. The
fluid-phase allergen rcagent is thenbiotinylated. Biotin
is bound to the matrix rather than to the allergen,
thereby avoiding unnecessary blocking of allergenic
epitopes. The following coupling agents were selected
according to the properties of the allergens:
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(a) I,4-butanedioldiglycidyl ether (BDE) for pro-
tcins, nucleic acids, and carbohydrates.

(b) catonyl diimidazole (CDI) for proteins and
nucleic acids.

(c) I +thyl-X3dimethylaminopropyl) carbodiim-
ide (EDC) for proteins and lipids.

Fig. I illustrates the method for prcparing high
concentrations of allergens bound with matrix-
copolymers by CDI. The water-soluble dextran is first
coupled to an rmino acid copolymer (AAC), e.9., glu-
îtmic acid, ethyl glutamate. Then allergens are bound
to this matrix by condensation rcactions with EDC and
N-hydroxysuccinimide. I-astly, the AAC part of the
complex is biotinylated with polylysine-biotin. Once
purified the Dextran-AAC.allergen-polylysinc.biotin
complcx is stable for at least one year.

Procedure.'The allergen reagent is allowed to re-
act with the patient's serum in a test tube coated with
biotinylated serum albumin. The purpose of the albu-
nin coating is to provide a biotin anchor that will cap
ture the biotinylated allergen reagent, together with
any allergen-specific antibodies, when in the next step

a streptavidin linker is added. After unbound scrunì
components are washed away, any allergen-bound IgE
is quantified by adding anti-IgE labelled with peroxi-
dase and reacting with a suitable substrate (e.g., tet-
ramethylbenzidine) to yield colored products. The to-
tal reaction time for this assay is 3 hours and the tech-
nique is very suitable for automation becausc of its
simplicity.

Calibration system.' A preparation of affrnity-
purified codfish-specific IgE antibody was used to
standardize AIaSTAT semiquantitatively into Classes
0, l, 2,3, and 4. Class 4 corresponds to a concentra-
tion of at least 15 IU/mL of total IgE, calibrated
against the WHO standard for total IgE 751502. A sec-
ondary standard of grass pollen-specific IgE serum is
used in the AIaSTAT assay to givc an optical absor-
bance that is a linear function of IgE antibody concen-
tration from 0.35 to over 60 IU/mL. A critical area of
specific IgE measurement is at the low concentration
range, and the AIaSTAT cut-ofr value of 0.35 IUImL
for Class I was determined by testing 40 dcfinitely
nonatopic serum samples. Two standard deviations
above the mean value of the 40 sera coresponded to
0.2 IU/mL, but patients' samples with concentrations
between 0.2 and 0.35 IU/mL are not considered by the
manufacturer to be clinically relevant.

Aney lor lgE antlbotly: Solld phar
The principle of the RAST test is that IgE anti-

bodies in a serum react with an allergen that is co-
valently coupled by cyanogen bromide to an insoluble
solid-phase matrix, such as a cellulose disc. The bound
IgE is then quantified by binding radioiodinated anti-
human IeE. The quantification of specific RAST hE
antibody is done by calibration against the PRJST totd
IgE assay system using the IVHO rpference 751502.
Five times the diluted RAST reference serum '3A'r

should give the same counts as l0 IUIgE/mL in thc
PRIST (tJ). One Phadebas RAST Unit (PRU) is gee
erally considered to be equal to one IUIgE/mL, i.c.,
2.4 ng IeE/mL. The standard curve is constructed us-
ing a birch pollen reference senrm and a birch pol-
len reference disc, and results are then cxpressed in
PRU/mL.

The clinicd vdue of the RAST was established
quickly and many routine clinical immunology labora-
tories worldwide provided this test as an a{iunct to the
clinical diagnosis of allergy. [n our laboratory, the per-
formance of the RAST was estimatcd from longitudi-
nal quality control specimens (Table l) and an cstimatc
of measurement error was made. If RAST grades are
used to dcscribe semiquantitatively the IgF antibody
activity, then we found that a single specimen (mean
vdue 0.6ó PRUlmL, Table l) assayed repeatedly
could give results varying betwecn negative Qess îhen
0.35 PRU/mL) and Class 2. This makes it hard to jus-
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Flg. 1 The reaction sequencc for I,I'<arbonyldiimidazole
(CDI) activation and coupling with amino acid copolymer
and allergcn. Reprintcd from Rcî. II with permissron from
Pcrgamon Prcss Ltd., Headington HiIl Hall, Oxford QB
OBW, UK.
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llrt'BJEI tongitudinal quatity control of lgE antibody
tftors PRU/mL (mean, gtandard deviation, and coefficient
rlf veriation) of 8fl consecutivs RAST sseys using repli-
cate etiquota of the same 8ara. The gpan of RAST grades
tfils ropresonts is listed

RAST dlcrgpn dLc.
(troduct code)

mite, grass pollen, cat and dog dandcr, lDd egg-uùite
wene measured by Pharmacia PRIST rnd R'AST, and
two indepcndent, cxperienccd doctors classified the
rubjects into clinical Foups according to tbeir ques-
tionnaire rcsponses. There wene 159 complete data
sets. îhe relationship betwecn IgE, IgF antibodY, and
clinical gnoup is shown in Table 4.

Criterion for distinguishing between positive and
negative tests: Given that clinicians like to be told that
a diagnostic test is cither "lnsitive" or "ncgative,"
either "clinically significant" or "not clinically sigtif'
icant," the only way to cater to this demand is to
choose a particular conccntration of IgF or of IgE an-
tibody that will serye as an arbitrary boundary bc-
tween positivc and negative tests. Wc have studied Îhe
PRIST and the RAST data obtained from tbe dental
students mentioned above to sce whether otr diagnos-
tic results could be made mone informative by choos-
ing some arbitrary boundary for a total IgE (PRIST)
test, or any detectable nonzero value (i.e., 0.35 PRU/
mL, or over) in a RAST test.

For this purPose, we have applied a simple for-
mula borrowed from information theory to mcasure
how much information a positive or ncgative diagnosis
will produce pertaining to the four clinical categories
the subject would be found in (atopy cxcluded' utl-
likely, possible, or typical). Thc formula consists of
calculating the probability of cach clinical category,
multiplying it by its own natural logarithm, adding to-
gether the four answers for the four clinical categories,
and changing the sign to make the total positive' This
gives a quantity known as the uncenainty. lt measures
our uncertainty about the clinical sategory of the pa-
tient. After a diagnostic result is found, the probabili-
ties and the uncertainty change. The change in uncer-
tainty, averaged over all the subjects in the study, is
taken as a measure of the information content of tbe
diagnostic result. The chief merit of using this measure
of information is that it hns a simple additive property.
Indepcndent, unrelated bits of information have a total
information content that is simply the sum of their
parts.

With this standard to giride us, we tried 13 differ-
cnt criteria for dcciding whether RAST tcsts should be
rcported as positive or ncgative, rnd we found that
none of tbcm wene any mone informative for the group
as a wbole than the customary criterion (i.e., greater
tban 0.35 PRU/mL). Similarty, wc wene unable to im-
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1.4
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2.7
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37.1 23.7
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tify tbe practice of reporting Class 2 results as clini-
cally significant and Class I as borderline. If we rePort
as "positive" only the sera of Class 3 and above, we
would have more confidence in our diagnoses and also
havc the added benefit of higtrtighting the dominant
allergens in a subject who was seropositive to several.

A major devclopment of RAST technology was
thc introduction of the Pharuracia CAP RAST system
(lí).This consisted of new instnrmentation and soft-
ware bui most importantly a new solid phase consist-
ing of a flexible hydrophilic carier polymer encased in
a capsule that can bind at least three times as much
dlergenic protein as the RAST disc. This greater ca-
pacity and the beta-galactosidase labelled anti-IgE (a
mixture of rabbit polyclonal and mouse monoclonal
antibodies) allow the assay to proceed more quickly
and to have a range extended to 100 IU/mL for spccific
IgE and 2,000 IU/mL for total IgE. Unlike RAST,
CAP RAST uses a total IgE cdibration curve and so
the results for specific lgE are rcported as IU/mL in-
stead of PRU/mL. [n comparison studies it seems that
there is not a linear relationship between IU/mL and
PRU/mL; this makes it diffrcult to compare results ob-
tained betwecn the two methods. An estimate of mea-
surement etror using the CAP total IeE system can be
made from the perfonnance of the assay measuring
bngitudinal euality control spccimens Cfable 2).

Relationship between IgE, IgE antibody, and al'
hrgic symploms in an unselected young adult popula-
tion: A clinical questionnaire (available on rcquest
from the authon) hieùli8ùting allergy, and blood sam-
ples wcre taken from a class of second-year dental
students. Total IgF and IgE sntiMy to bousedust

Longituclinalquality control (mean, etandard deviation, tnd coefficient of variation) of 12 conaecutive CAP

lE assays using e rangs of commetqiql stendard sem with kn
TABLE 2
RAST total

Standard gora
(titers in lU/mL)

Mean
s.D.
c.v.cÉ

50
55.9
4.76
8.5

r 1 3
1 2 1 . 1
?3.3
19.2

152
171 .8
25.2
14.6

170
%.2
38.4
17.0

279
280.3

92.2
1 1 . 5

446
502.9
75.3
15.0

996
1176.3
204.3

17.4
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A) Totll
lgE lU/mL

95 nmellcrglc
rubfcctr wtth

rLultl grrartcr
tàen Indlcetcd

lgE lcvrlr

t5 typlcrfly rlfcrgtc
aDfcAt whh-
ruultr fcg

tàen Indlcetcd
lgE lcvclr

TABLE g The.proportions of heafthy nonalfergic sub,ects and typicatfy_aítergi; ,rbjétn having A) tórat t'Efe,els, and B) M.s_lFuiti i"rrÀftivety greater anct tessthan tne varues on tÀlscite iiii."t"o

riety of clinicar conditions is shown in Fig. 2 antr con:pared with that of the unserected young"ao-rfr group.clearrv some of the.disease erou-ni havl ; hdh prev-alence of associated IsE *tìurov, il;#irhen,€.8., urticaria and irritable bowèf ,vooioil (IBS),seem ro have a lower-rhln expected prevJ;;..
The cxrcnl ro which lgE-mediai"O ,..i"nir*play a rore in the pathogrnriit or uni."ri"'ii'rgs i,uncertain (/J). Insofar as some nonatopic individuars(RAST-negative) can- deverop them whereas not allatopic individuats do, it would 

"ú;;;;"i rrf-mediated mechanisms are neither necessary nor sufii.cient for their development.
This rack of crear correlation in poputation studiesis one source of fi'stration in our undentanding ofdisease mechanisms. Despite this, *; ilil;'t in .position to advise on the interpretation of these re-sults' It mieht be appropriare ar this p"i", à 

-nti,trn,

various other tests for alrergy that have been discred-ited or have not been valioà'teJ.'Th.r. incrude the di_agnostic tests used by practitioners of arternative ar-lergy or clinical ecotógi. Th;;; practirionen are be-
:_"_T]T more.prevatènr, which nroU"Ufy-Jfl..,,rncreasing pubric awareness of aileigy *a-ír,, l"n -sion or dissatisfaction of the general pubric with the

(the Miller techniquet the leucocytotoxic test, hairanalysis, the Vega test, applied Un"rioioó,-*O ,f,,auriculo-cardiac reflex r.ìitoa. These methods havebeen outlined in a re-porr by the Royal College of phy-
sicians committ". of qinir"r irrunorogy and Anergy(/ó) which concluded that ttrere .dence ro. tú'iarue of "r,"r"iiit 

":;:il:ilYfi:
:hg.uld !e. lrousht to the atteniion or those inrcresredin this field and the general puUii..

5
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n
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3
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67
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28
5
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1 4
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32
28
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0
1
2
4
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B) RAST
PRU/mL

% noneflcrglc
rubpctr wlth
nrultr grcdcr
tlun Indlcetcd

fgE fcvctr

% typlca[y eilcrgtc
rub|cct wffi-
nrultr lcrr

tàen Indlcetcd
fgE lcvelt

prove upon the criterion that a totar IgE resurt shourdbe reported as clinically signincant if over about 5óIU/mL (i.e., rhe median'uati. ror the ilJ; ;up as awhole)' If, as is rikery in practic., trr. p"ti"ents whoclearly have no symptoms of atopy are excruded fromdiagnostic tests, tt en tt. cJcuhtions based on infor-marion theory indicated that the RAST trrt Jourd, infact, be made more informative if ttre aruitra.i uouno-ary was set at about 4 pRu/ml. This ,oinÉ.., 
"p.proximar.lv *Il_lhe upper limir of the neéf Cfass 2range (>3.5 pRU/mL) as defined by rhe manufactur-ers.

The fact that the existing criteria appeared to befairly well chosen, howeu.r, ?*, not mean that theyare necessarily very useful or informatiue. in-" ,rnrr,a positive RAST or a high IgE rever in the absence ofclinical information 
""tuiilv-"dd, t" 

"* 
ol-.g"iri. un_certainty. Before we know anyrhing;ilrh" patienr,we can sy thatllJlprobably nor atopic; after obhin_ine a posirive p.rulT or a nió nasr, ;;;;ruatrymone equivocar the probability of specifrc atfrsy isnow close to 50 percent. Assays for'specifi*, non-specific IgE no doubt have theiiuses, bùt we 

".. 
ooinga disse.ice to clinicians if we ailow them to assumethat these tests by themsetves shourd 

""ù=rurtweigfit in reaching a positive diagnosis of rp".in. 
"r-lergy.

Application 
?f tsF antibody measuremeil to clin-ical samples.'usingitre 3.5 piu criterion, the disrri-bution of positive IgE antibody GeSD tests in a va_

current conventional management of 
"U..gv. 

ùri, j
îfjhS;::hg, .rhe.provóation_neutratizarion test I

o. l
htt I

b lh '
tslt

r ** r -.ll- [t!--,,*.EI*.

Hg. Z The distribution of posítive-fASf èj'S ,*ffi1
f:,t:: :!,f::: :::^,;i;h"t;;l' ftou,,-d,st miîe,,,*,p o Il e n, c at a n d a r s d" rd ;i fii' ;, ;;' ;;'#; 

"Te 
t rr?;

whiîe, cows' mílk, fish, ;i;;r, ;;',.p€a, pegnut) allergerc.The patient porriition';;; li;ar;'into adurts or childrcn at16 years and ihe 
!:r:::l;;;;;;'and number of patiensare listed under eacn coumn.
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lfifrt,*n$'?]?ipn5:3'ìffil1fot '"o'' 'oE tntibot'v (env posítive RAsr), lnd crinrclr sroup. rhe e.omotric mean
IAST ncgmtvG RAST pclfivc All rulfcctr

Clinical group
1. Nonailergic

t
)
I
!
I

:

2. Hlergy unfikety

3. Allergy possibfe

4. Typically aflergic

Alf eubjects

53
1.39
0.57

12
1.30
0.45
9
1./m
0.79
5
1./t8
0.76

79
f .38
0.58

25
2.09
0.61
7
1.84
0.57

1 7
2.03
0.49

31
2.23
0.42

80
2 .11
0.52

78
1.61
0.66

t 9
1 .5
0.55

%
1.81
0.67

36
2.12
0.54

f59
1.75
0.86

Number of subiects
lean fog tgE
SD of fog tgE
Number
Mean log fgE
9D of log tgE
l{umber
llean log fgE
ED log lgE
ilumber
ifean log lgE
9D of log tgE
Number

$?ì i:3i8E
Future considerations for IgE antibody measure-

menî: An improved way to report RAST and total IgEresults might be to append to each result 
" "ornrn"n,such as the following:

R
Housedust mite. .2.0 pRU/mL.
Remarks: Not necessari ly indicative of al lergy:
Among healthy subjecrs *ith no allergic ,yrfrornr,
26Vo gave one or more RAST results gr""t* tÉan 2.0PRU/mL.

Tables from which statisticar comments like thiscould be quoted are derived from the unsetr.r"O pop_
ulation discussed above, as shown in Tabre 3. othercenters could derive their own data base for compar-ison.

ity would make retrospective assessment, research,
longitudinal quarity conìror, aod audit ru.i 

""rirr.The main developments of consequence in the fu-ture are likely to be fuily automated iystems for IgEmeasurement that can interface with a computerized
re-porting system. These deveropments are likery to beof value to the large central laboratories where resurts*1 be interpreted appropriately anO prop", 

"0"i.,and instruction can be gruln rerating tolgE 
""ru., 

inthe local popuration incórporating trré man-v otr,", vari-ables involved (/S).
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