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Screening for IgE-Mediated Allergy
T. G. MERRETT, G. F . A. PANTIN,* A. H. DIMOND and J.

RAS'F Allergy and Research Unit, Benenden Chest Hospital, Cranbrook, Kent, England

Sera from 425 patients were analysed with Phadebas RAS'F reagents against a panel ol'
19 allergens and the most commonly positive results were to grass pollen,
Dermalophagoidex fileronjssinm and cat epithelium. Ofthe 275 sera RAST-positive to any
allergen, 2()1 were positive by a RAS'F technique which used a mixttire ofthe three most
common U.K. allergens; the remainder were usually positive to a mould. We conclude
that 1) when a positive restilt is obtained after screening by the mixed-alleigen R/\S'F
and a represenUttive mould RAS'F, then other positive RAS'F results are po.ssible, but
that the extent ofthe investigation can be guided by a knowledge ofthe total serum IgE
level and a computer-based history analysis; 2) when the mixed-allergen RAS'F and a
representative mould RAST is negative, then a more .specified RAST including all 19
allergens u.sed in this investigation will be negative; 3) a positive mixed-allergen RAS'F
result is likely to be associated with a total serum IgE level over 40 U/mi and a positive
symptom pattern score derived from the comptiter-based history analvsis.

Key words: atopic allergy; cluster analysis; common U.K. allergens; immunoglobulin E; mini-
computers in alfcrgy diagno.sis; (|iies(ionnaire; radioaiicigosorbent tes( (RAST).

.iccepted for jniUicalioii 12 January 1980

Allergy may coiilribute lo chronic obstructive
airways disease, and limited skin-prick testing
can provide a tiseful allergy screen (2, 3, 4, 7).
However, it is rarely tised in a general practice,
and this is an area where an efficient and
convenient screen has ob\'ious advantages in
redticing the tinnece.ssary expenditure of time,
and hence money, at the allergy clinic. We
report on the combined tise of three simple
tests to select those [jatients likely to benefit
from a detailed allergy investigation.

METHODS

.Allergy screening tests

History symptom score. Patients completed a
detailed Allergy Qtiestionnaire (Fig. 1) and
their answers were recorded, analysed and
'scored' with the aid of an Olivetti P. 6060

mmi-computer using programs written in
Basic language (10). Symptoms scores over
30"o were taken as positive, unless associated
either with a 'Blank/Don't Know' score over
40",, or with a 'contradiction score' above
zero. An example ofthe computer print-out for
one patient is shown in Fig. 2; it illustrates the
summarizing of'when' and 'where' symptoms
can occur, and the allergens 'most likely' and
'less likely' to be related to symptoms.

Total serum IgE. Girculating levels were
measured by a conventional radio-
immunoassay, using a fast solid-phase
double antibody separation technique (9).
Briefly, an assay tube containing 100 ij.1 of test
(or standard) serum diluted in a 1.1 mixture of
horse serum, 50 [x\ of ' ̂ "'I-labelled IgE
(Phadebas RIST kit: Pharmacia GB Ltd.,
Hounslow, Middlesex), and 100 \L\ of rabbit
anti-IgE (Hoechst U.K. Ltd., Hounslow,

•Present address; Whittington Hospital, Highgate Hill, London N19 5NF England
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Fig. 1. The layout ofthe Allergy Questionnaire used by the patients taking part in this study.
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Fig. 2. A computer 'print-out' of the questionnaire analysis. The first section summarizes the answers given and
calculates a Ibod pattern score based on the patient's age, age o( onset of symptoms, whether the symptoms include a
combination of asthma and eczema, and a knowledge that some food or drink causes symptoms. In the middle .section the
symptom pattern score is printed and, as a check on the validity of this resttlt, the 'Blank/Don't Know' score and
'Contradiction' score. Finally, the analysis weighs seasonal vs. perennial symptoms, and lists the allergens most likely and
le.ss likely to be implicated.

Middlesex), was incubated overnight at room
temperature. 'Antibody-bound' was separated
from the 'free'- tracer fraction by adding to the
assay mixture 50 jxl of a suspension containing
donkey anti-rabbit IgG covalently linked to
polymaleie anhydride particles, shaking for 10
min and, finally, centrifuging for 2 min at
1,500 g before decanting the supernatant
solution and counting radioactivity associated
with the residual particles. Levels over 40 U
IgE per ml were regarded as screen positive.
Mixed-allergen radioallergosorbent test {RAST).
IgE antibodies directed against a mixture

of three common U.K. allergens were
measured simtiltaneously by a sandvvich
radioimmunoassay—the performance and
standardization of which has previously been
described in detail (8). Briefly, an assay tube
containing 100 (j.1 of test (standard) serum and
50 1J.I of a suspension with an excess of meadow

fescue pollen, Dermatophagoides pteronyssinus and
cat epithelial allergens (Bencard Ltd.,
Brentford, Middlesex) linked to cellulose
particles was incubated for 31i at room
temperature. The reaction was stopped by
adding 2ml of decanting aid (Pharmacia GB
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Table 1

Cluster analysis of 19 allergens

267 patient.s RAST positive to at least one allergen

1. GRASS

2. .itternaria, .'\spergitlus, Penicitliiim, Ctadosporium

3. MITE, egg, milk

4. Plantain, GRASS, MITE, plane

5. Codfish, CAT, dog, horse, MITE

6. Horse, dog, Penicittium, CAT, Ctadosporium, Aspergitlus, ECG, MITE, GRASS, birch

7. Peanut, wheat, mugwort, plane, hazel nut, plantain, birch, GRASS, milk, egg, Penieitlium, horse
8. CAT, mugwort, GRASS, .'tlternaria

9. All 19 allergens

Ltd.), centrifuging the assay tube at 1,500^ for
2 min and decanting the supernatant solution;
after an overnight incubation with 100 JJ.1 of
'^••I-labelled anti-IgE (Pharmacia GB Ltd.)
the particles were washed and counted. When
the amount of IgE associated with the
allergen-particles was equivalent to at least
1 U IgE/ml the test was regarded as screen
positive. The mixed-allergen RAST values
were determined by referring to a total serum
IgE calibration curve derived by sandwich
RIA. This total IgE RIA was performed
similarly to a mixed-allergen RAST, except
that anti-IgE antibodies replaced allergens as
the solid phase; the lower detection limit for
this assay was 0.1 U IgE/ml, and this value was
also the background level for mixed-allergen
RAST.

Specific IgE tests

Tests for 13 different inhalant and six ingestant
allergens used Phadebas RAST reagents
(Pharmacia GB Ltd.) and a modification of
the manufacturer's procedure, to allow for a
more economical use of the radiolabelled anti-
IgE (6). Briefly, in this altered procedure 50 L̂I
of test (or standard) serum was diluted to 150;JI1

with RAST bufler and incubated overnight at
room temperature with an allergen-paper
disc, the disc was washed with 0.9% saline and
again incubated overnight with ' ^'T-labelled
anti-IgE before washing and counting the
radioactivity associated with the disc. Results
were classified on the Phadebas scale of 0-4,
with scores of 2 or more being regarded as

positive for all allergens—except moitlds, for
which a score of 1 was accepted as positive.

Patients

The study extended over 12 months, and
comprised 512 patients whose symptoms were
possibly related to IgE-mediated allergy.
However, after results of the allergy-screening
tests were evaluated, we reduced the number
of sera submitted for the detailed RAST
analysis so as to include a) all those patients
who were likely to have at least one positive
RAST result—this for frequency and cluster
analyses of allergen-specific IgE—and b) a
representative sample of the patients unlikely
to have any positive RAST result— this, when
combined with patients in category (a), to test
the hypothesis that "a detailed RAST
investigation is warranted only when two or
more of the three tests in the allergy-screen are
positive". The first category, (a), included all
330 patients with at least two positive
screening tests and all eight patients who were
positive only to the mixed-allergen RAST; the
second category, (b), included half of all the
126 patients with a single positive screen result
to either the total IgE or the history tests (i.e.
63 patients), and half of all the 48 patients with
negative results to all three allergy-screening
tests (i.e. 24 patients). Thus, this report is
restricted to 425 patients, whose ages ranged
from 6 months to 77 years, with an average age
of 35.7 years, and included 207 males and 218
females.
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COMMON IGE ANTIBODIES IN G.B. 275RAST POSITIVE PATIENTS
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Fig. .'i. The relative frequeneies of positive RAST results to
19 eommon UK allergens.

The cluster analysis was carried out using
Wat-d's method and the University of
London's computer program.

RESULTS

RAST analyses

The frequency of positive Phadebas RAST
lesults to the 19 allergens tested is summarized
in Fig 3. The most commonly positive
allergens were those comprising the mixed-
allergen RAST screen, i.e. grass pollen
(meadow fesace), the dust mite (Z>. pterony.^-
sitius) and cat epithelium: 94.9% of the
patients with any positive Phadebas RAST
result were positive to at least one of these
allergens.

The remaining 5.1% of patients were likely
to be Phadebas RAST-positive to moulds only,
and it can be seen after cluster analysis (Table
1) that they represented a small but highly
significant group, second only to that
comprising persons with a single positive result

SYMPTOM
SCORE

IGE MIXED RAST
SCREEN

Fig. 4. Allergy screen results plotted as a Venn Diagram
for the 275 patients who were positive to at least one
allergen in the Phadebas RAST panel. 265 patients would
ha\ e been referred as likely to benefit from further allergy
investigations.

for grass pollen. The fifth cluster comprised
patients with positive results to animals,
including dust mite and cod-fish, but
thereafter the clusters were less significant
until, finally, the 10 patients who apparently
had IgE antibodies to all 19 allergens were
encountered.

Allergy test .screen

Two hundred and seventy-five patients had
circulating IgE antibodies to one or more of
the 19 allergens in the Phadebas RAST panel,
and the results of their three allergy-screening
tests are summarized by the Venn Diagram in
Fig. 4. When using the criterion that at least
two screening tests should be positive before a
detailed RAST investigation was warranted,
265 of the 275 patients would have been
candidates for further study. Of the 10
remaining patients, eight were positive only to
the mixed-allergen RAST screen (all were



498 T. G. MERRETT E T AL.

150 RAST NEGATIVE PATIENTS

SYMPTOM
SCORE

IGE MIXED RAST
SCREEN

Fig. 5. Allergy .screen results plotted as a Venn Diagram
for the 150 patients who were negative to all the 19
allergens in the Phadebas RAS T panel. 65 patients (all
mixed RAST screen negative) would have been referred
for further allergy investigations.

Phadebas RAST-positive to one of the
allergens comprising the screen) and two were
negative to all three screening tests (one
patient was Phadebas RAST-positive to
Aiternaria, the other to peanut and hazel-nut).

One hundred and fifty patients had negative
results to the Phadebas RAST ]3anel, but it can
be seen (Fig. 5) that 65 of them, if studied
prospectively, would have been candidates for
a detailed RAST analysis because two of their
allergy-screening tests were positive. However,
it was noted that none of these patients was
positive to the mixed-allergen RAST screen.

Computer prediction of allergens to be tested for by
RAST

From answers given to the questionnaire,
3,455 RAST determinations were suggested as
being useful in evahtating the symptoms ofthe
330 patients with positive results to at least two
of the three allergy-screening tests. When the
list of these predictions was compared to the

results obtained using the 19-allergen RAST
panel, it was found to include 814 ofthe 1,023
positive test results—a "catch" of 80%.

DISCUSSION

A careful allergy investigation takes time, and
the object of this study was to see if a
laboratory could provide sufficiently useful
information to assist the general practitioner in
selecting patients for referral to an allergy
clinic. The three allergy-screening tests took
little of the clinician's time, since the same
blood sample was used for measuring total and
specific IgE antibodies, and the patient filled in
the questionnaire—certainly taking less time
overall than it would have taken to perform
and evaluate skin tests.

To check the efficiency of these tests, it was
assumed that atopic persons have circulating
IgE antibodies directed against at least one
from a panel of 19 allergens in the Phadebas
RAST. We justify the use of the Phadebas
RAST panel as a standard partly because of
the association of immunoglobulin E (IgE)
with atopic allergy (1, 5), and partly because,
as a result, atopic persons have been defined
immunologically as those who readily
synthesize IgE antibodies upon natural
exposure to common environmental allergens
(11, 12). This immunological definition of
atopy is likely to be at least as good as the
various clinical definitions, and less likely to be
open to diflerent interpretations.

As a result of this definition, it would be
expected that the mixed-allergen RAST
technique would be the most discriminating
screening test for atopy. However, it may be
dangerous to assume that all major allergens
are detectable by Phadebas RAST—either
because some may be unsuitable for linking to
cyanogen bromide activated solid supports
(e.g. carbohydrates, colouring agents) or
because antibodies other than IgE might yet
prove to be important in some atopic allergies
(e.g. short-term sensitizing IgG). For these
reasons, analysis of the answers given to the
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detailed questionnaire, and determination of
total serum IgE, are given equal weight in the
allergy screen: in future, it may be important
to recognize those patients with negative
mixed-allergen RAST but with positive
symptom pattern scores, and with total IgE
levels of over 40 U IgE/ml. However, for the
present, history and total IgE tests can be used
a) to predict 'whieh' and 'how many' allergens
should be tested at the allergy clinic, and b) to
assess the relevance of these results. This aspect
will be referred to after the screening tests have
been discussed.

Mixed-allergen RAST

The most common U.K. allergens were shown
by skin-prick test to be D. pteronyssinus, grass
pollen and animal danders (4); similarly, as a
part of this study, we found that the most
common circulating IgE antibodies were
specific for D. pteronyssinus, grass pollen and cat
epithelium (Fig. 3). Cluster analysis of the
results from 275 RAST-positive sera showed
that all but one cluster—the moulds—
included at least one of these three allergens.
In addition, 94.9% of the patients with any
positive Phadebas RAST result were RAST-
positive to one or more of these three allergens.
Therefore, it is reasonable that these three
allergens should form the basis of the mixed-
allergen RAST.

The technique, as expected, proved to be
more discriminating than either the history-
score or the total serum IgE in deciding if a
more detailed RAST investigation was
required (Figs. 4 & 5). However, it must be
remembered that a mixed-allergen test might
prove positive as a result ofthe additive effect of
two, or three, borderline results. Such an
explanation could account for the positive
mixed-allergen RAST results found in 13 cases
with negative, but borderline, Phadebas
RAST results to the same three allergens: in
the follow-up, all these patients' sera proved
RAST-positive to other Phadebas allergens—
seven cases were positive to moulds and six to

foods. Another explanation might be the
difference in the allergens used in these tests,
since they came from different commercial
companies; however, the overall agreement
between the mixed-allergen RAST and the
Phadebas RAST for the three common U.K.
allergens was good, and so it is unlikely that we
have failed to couple any major allergens to
the particles used in the mixed-allergen
RAST, unless the same allergens were also
missing from Phadebas RAST discs.

In future, it might be useful to include a
mould in the mixed-allergen RAST; however,
the twin disadvantages of increasing the
possible cumulative effect of borderline results,
and the "high background" which we find
associated with commercially available moulds
in this type of test, outweigh the theoretical
advantage of increasing the atopic "catch"
beyond 94.9%. At present, it would be safe to
say that if the mixed-allergen RAST, together
with either Phadebas RAST for Aspergiiius
fumigalus (if the total IgE is elevated) or
Alterttaria tenuis (if the total IgE is below 100
U/ml), were negative, then an extended
RAST investigation would be very unlikely to
produce a positi\e result.

History symptoms scores

The simple system adopted for 'scoring'
histories (10) confirmed its early promise,
because 92.4%, (254/275) of the patients with
positive Phadebas RAST results gave positive
history symptom scores (Fig. 4). However, it
was less discriminating than the mixed-
allergen RAST screen because 76"o (114/150)
of the patients with negative Phadebas RAST
results gave positive histories (Fig. 5). The
main difficulty lay in deciding if allergy played
a significant role in those patients whose
perennial symptoms were exacerbated during
the winter months. Nevertheless, during a
preliminary investigation, the questionnaire
offers the definite advantage oi taking all
histories in a standardized way and of being a
valuable time-saver when used in cotijunction
with computer assessment. In future, the
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questionnaire might be replaced by direct
patient-interaction with a micro-computer,
since this would offer the advantage of being
able to rephrase in several different ways any
question not fully understood by the patient.

Total serum IgE

Total serum IgE was also less discriminating
than the mixed-allergen RAST—in the
Phadebas RAST-positive group 77.1%
(212/275) patients had levels over 40 U/ml,
compared with 52.7% (79/150) of the patients
in the Phadebas RAST-negative group.
However, the test has much value in helping to
determine the extent of the search for allergen-
specific IgE antibodies—i.e. if the total IgE is
less than 200 U/ml only those allergens
strongly suggested by the history need be
considered, whereas cases with higher levels
will require that the less likely allergens also be
taken into account.

CONCLUSIONS

It is usual to consider that the RAST
technique be used by allergists as a follow-up
to skin testing. This study suggests a new view:
that the technique can be useful to the general
practitioner prior to referring the patient to an
allergy clinic because it takes less time than
skin testing, can be applied even when the
patient is taking antihistamines or has a severe
skin complaint, and—above all—is abso-
lutely safe. Moreover, when the mixed-
allergen RAST is combined with the
computer-based history analysis and a total
IgE estimation, a considerable amount of
practical information is made available. This
concept of the practitioner referring a single
blood sample and a completed questionnaire
has now been applied to over 1,000 members
of the Post Office And Civil Service Sanatorium
Society, and we have found that in many cases
the information so derived has infiuenced the
choice of treatment.

Allergy screen and computer assessment as a guide to
further investigation

More detailed IgE investigations for allergen-
specific antibodies were most likely to provide
positive results when applied to those patients
who were positive to at least two of the three
screening-tests—of 275 patients with
identifiable specific IgE antibodies, 265 were
in this category, and a further eight were
positive to the mixed-allergen RAST and so
defined as atopies.

When the computer predictions derived by
analysis of the questionnaires filled in by these
265 patients were analysed, we found that
80% (814/1,023) of all the positive RAST
results were predicted. The history synopsis
was useful both for guiding the laboratory
investigations and also for interpreting the
results—e.g. a diagnosis of grass-pollen atopy
will be unhelpful in treating an asthmatic
whose symptoms are worse during the winter
months (unless cereal-flours could be the
problem).
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