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All physicians working with allergen extracts
must know the quality and activity of the
material they use in order to ensure safety
and precision in diagnostic and immuno-
therapeutic procedures. Allergen extracts
should satisfy the same requirem'ents as for
other biological products and drugs (3). An
essential requiremnent is adequate
standardization. Allergen extracts should be
standardized with respect to biological
activity (1, 5, 6, 17, 18), and methods
adequate for this particular purpose (Table 1)
should satisfy certain criteria (Table 2).

This paper presents recommendations for
standardization of allergen extracts by the
combined use of skin prick tests (SPT) and
radio-allergosorbent tests (RAST),

The biological activity of the extract is es-
tablished by means of SPT. A histamine
equivalent (1 HEP) in prick testing is used as
reference for the reactions to the allergen
extract. A | HEP potency means that an
allergen extract having this biological activity
elicits a prick test reaction in most in-
dividuals who are allergic to the material,
and on average produces a reaction identical

to that obtained by a similar prick test using
histamine hydrochloride (HCI} ! mg/ml (2, 4,
5, 6). The concentration of an extract with
this potency is at the same time denoted as
1,600 biological units (BU)/ml,

This represents the first step already
recommended by the Scandinavian Society of
Allergology (5, 6) in order to end the
hitherto unacceptably haphazard situation
(Fig. 1a}. The biological quantitation system
in gquestion is directly expressive of the
biological activity as such, and is easily un-
derstood by the clinician.

The unit used (BU/ml) has the same
meaning for all allergens and may be used
directly as a guideline for the selection of the
optimal concentration to be used to express
the total amount of biologically active
allergens given during challenge tests and in
a course of hyposensitization {4). The system
satisfies the requirements stated (Table 1)
with an acceptable, although not optimal
reproducibility (Fig. 1b).

RAST-based allergen quantitation is more
convenient and is reproducible within a
smaller range than SPT (7, 10, 18, 14, 21, 82,
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Table 1

Requirements for standardization of allergen extracts.
Methods are needed to :

a. measure and express in an appropriate and
meaningful way the total aliergenic activity.

b. secure uniformity with respect to activity of different
batches of the same allergen extract, and of different
extracts of the same allergen.

¢. secure uniform activity between extracts of different
allergens with identical decliarations.

Table 2

Method  qualities needed  in extract

standardization:

allergen

a. immunological specificity

b. sensitivity

. precision and reproducibility

d. available standards and reference material
c. applicability for extract manufacturers

f. applicability for control authorities

38). RAST makes it possible to ensure that
each new production batch has the same
allergenic potency as the former one
(Table 1a and Fig. 1c). The RAST quantita-
don system does not, however, give a
meaningful expression of the biological
activity (Table 1b) and a given RAST unit for
one allergen preparation does not necessarily
indicate a similar biological activity for
another preparat.ion (Table 1¢). However, a
combination of the two assay systems renders
a relevant and feasible approach for
standardization purposes (Fig. 1d), and used
together they satisfy all the requirements
stated in Table 1.

Practical procedure for allergen standardization

Skin prick testing (SPT) is performed with a
short-bevelled NO. 17-22 disposable needle.
A drop of each solution to be tested (in
duplicate) is placed on the volar aspect of the
forearm or on the back of the patient with
not less than 2cm between test sites. A
puncture test is performed through the
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Fig. 1 Allergen extract standardization with tespect to
biological activity.

Vertical stipled line indicates activity in biclogical tests
{SPT) corresponding to 1,000 BU/mi which means that
the extract elicits SPT reactions equivalent 1o that of
histamine 1 mg/ml (1 HEP poteney) ().

o [0, A, @, 7, %, Difflerent allergens
®—®, o — e, Different batches of same allergen

droplet without causing bleeding. Histamine
HCl 1mg/ml (as hisamine) is used as
positive reference {5).

Efforts should first be made to establish a
prick test technique which gives in about 10
patients a mean skin test reaction to the
histamine reference solution D + d > 8 or
(D + d¥2 » 4 mm with s.d. < 20%. The
reproducibility of the skin testing as
performed by the individual physician or
nurse should be optimalized to the point
where 10 SPTs with the histamine reference
solution performed on one test individual
give reactions which do not vary more than
+20% from the mean. Results are recorded
after 15—20 min.

When the SPT technique is satisfactory, the
allergen extract - and histamine reference
solution as well as the negative control are
used in duplicate SPTs of as many allergic
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individuals as is feasible. Staristically, 10-20
individuals are adequate for this purpose.
The patients should have a positive history, a
positive SPT to routine testing and a positive
RAST (RAST class 2 or more} for the
allergen in question, and should give a
reacticn » 4 mm (D+d)/2 to the histamine
reference solution.

They should have given their informed
consent to being used for this purpose, and
should not have received hyposensitization
treatment with the allergen in question. In
addition, at least 10 individuals who though
allergic, but with negative history, negative
SPT to routine testing, and negative RAST
with the allergen in question, should be used
as negative controls to SPT with the allergen
at the highest concentrations applied in the
testing.

The test extract is used in at least three,
preferably five, different solutions. One of
the dilutions should represent an estimated
1,000 BU/mi potency, and the others should
be used in corresponding dilutions, e.g. 5x 1,
1, 0.5 or 5x1, 2x1, 1, 0.5 and 0.2 of the
estimated 1,000 BU/ml concentration, or
tenfold dilutions serially from the stock
solution. The weal of the reaction to the SPT
is outlined by a soft ballpoint pen, and the
markings are transferred to mm? paper by
means of tape. The largest diameter (D) and
the diameter vertical to this {(d) are measured
in mm and the reaction is expressed as
(D + d)/2. The reaction to allergen extract is
expressed in percent of that of the histamine
reference. The reactions obtained are plotted
on a log-log paper, and the actual concentra-
tion of the extract corresponding to 1,000
BU/ml is extrapolated from the graph
obtained,

The concentration of an extract A is
adjusted to correspond to 1,000 BU/ml. The
adjusted extract is subsequently used in SPT
in at least 10 of the allergic individuals. I
necessary, a final adjustment is carried out to
give a concentration of 1,000 BU/ml or more
(1). More potent extracts can be declared
accordingly by indicating the diluton which
corresponds to 1,000 BU/ml.

RAST

Serum is drawn from the individuals used in
the SPT assay. Equal volumes of sera from at
least 10 individuals with high RAST scores
(RAST class 2-4) are pooled. The pooled
serum is stored in suitable aliquots at —20°C.

Allergosorbents are prepared with extract
A at an optimal concentration, or com-
mercially available allergosorbents of high
quality may be used. Extract A with known
biological activity and new extracts (B, C) are
then cornpared in RAST inhibition with the
allergosorbent and the reference serum to
establish the concentration of the new extract
which corresponds to the 1,000 BU/ml con-
centration of extract A.

New extracts (B, C, etc.) are adjusted to a
concentration corresponding to 1,000 BU/ml
according to results of the RAST inhibition.
They may, for a final control, be compared
with the former extract A and the histamine
reference by means of SPT in a few selected
individuals from the former patient panel.

Rationale for using SPT with a histamine reference
for assay of biological activity

In clinical practice the allergenic activity of
an extract is demonstrated above all by the
reactions obtained in skin testing. Skin
testing is one of the most important and
valuable diagnostic methods, and is available
to every allergist in the world.

Histamine HCl (1 mg/ml*) is used by
many as a common reference for the
recording of SPT resulfs (1, 5, 6). An allergen
extract standardization making use of SPT
has the particular advantage that when
necessary the physician can himself check
whether the extract has maintained the said
biological activity. Until recently skin testing
has been the method for bio-assay for all
commercial allergen extracts quantitated
with respect to allergenic activity.

Quantitation by means of skin testing in a

* The concentration most commonly used is 1 mg/ml or
10 mg/ml for reference, but we recommend 1 mg/ml for
standardization purposes.
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limited number of allergic individuals shows
a good correlation between weal size and
allergen concentration (for a limited range of
concentration within a certain range of weal
diameter), (8, 9, 10, 16, 23, 80). However, the
deviations found in non-specific skin reac-
tivity from patient to patient are so con-
siderable that it is not reasonable to use a
precise size expressed in mm as a standard
measurment of the reaction {16). Histamine
appears to be the most important mediator
for the allergic weal response to SPT, and is
thus a suitable reference as it takes into
account the individual biochemical reactivity
of each patient (8, 16, 27). A histamine
releaser as for example Compound 48/80
may be even still more adequate for this
purpose, but is less convenient for general
use and has not been well enough in-
vestigated in this context.

Prick testing has several advantages over
the intracutaneous test. SPT ensures
maximum safety, is less troublesome for the
patient, and has been shown to correlate
better with the clinical history, provocation
tests and specific IgE (17, 20, 21, 24, 25, 26).

Intracutaneous testing can be used as an
alternative to SPT, particularly when allergen
extracts are 100 weak to give sufficiently
strong reactions in SPT, and a precise assay
of allergenic activity {concentration) can be
obtained by means of intracutaneous
titration techniques. However, all com-
mercial extracts should be available in con-
centrations sufhcient for SPT. Extra weak
extracts could be classified simply as contain-
ing “less than 1,000 BU/ml”. The BU/ml
terminology ought to be sufficient.
Confusion could arise if terms for extract
potency were related to more than one type
of skin test method.

Specificity, sensitivity, precision and reproducibility
of skin testing

A  high degree of precision and
reproducibility can be achieved by perfecting
intracutaneous and prick testing technigues
(8,9, 12, 17, 28, 29, 30). Squire (23) reported

a close correlation between weal diameters
and histamine concentration used in SPT,
and this has been confirmed in subsequent
studies. Voorhorst (29, 30) reported that the
accuracy of intracutaneous skin  test
quantitatation gave a maximum deviation of
100% above and 50% below the exact value
for allergenic acriviry.

The main reason for not obtaining still
better precision was thought to be that the
inclination of the log dose response line for
results of testing in the skin is rather small.
Differences like these, however, are found
between distinct allergens and also between
different populations.

Scherr et al. (22) reported a reproducibility
of intracutaneous ttration testing which
enabled different physicians to identify in a
reproducible way allergenic activity cor-
responding to a | PNU concentration of an
extract of ragweed pollen with the use of a
defined histamine solution as a positive
reference.

Frostad et al. (12) investigated the re-
producibility of skin testing with histamine
and a standardized and well-characterized,
purified timothy pollen preparation available
as a stable lyophilized, easily soluble
material. The reproducibility of 20 prick tests
with one concentration in two different in-
dividuals was found to deviate less than 10%
from the mean (Table 2).

Bjerksten et al. (11} performed SPT with a
number of allergen extracts and a rather
high histamine concentration as positive
reference (10 mg/ml), and reported a 21%
variation coefficient. When SPTs were made
with one allergen in two tenfold con-
centrations, the ratio of the weal diameters
was found to be constant. The numeric value
of this constant (c) was 1.58. From this
observation, and using Bjerksten’s definition
for the unit, the allergen concentration could
be calcuiated {(x=anti-log (log d-log hiflog c
where c is the constant, x is the allergen con-
centration, and h is the diameter of the weal
obtained with the histamine solution and d
the diameter of the weal obtained with the
unknown allergen concentration. With the
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use ol SPT, Belin et al. (10) calculated the
allergen concentration with a confidence
interval of 0.5-2.0 using 15 individuals
allergic to the material in question.

Frostad, Grimmer and coworkers (12, 15}
also studied the usefulness of SPT and intra-
cutaneous testing in assessing the allergen
concentration. Skin tests were performed
with a purified timothy pollen allergen and
the Img/ml histamine reference in in-
dividuals with clinical allergy and positive
RAST, as well as skin reactivity to dmothy
pollen. Three tenfold concentrations were
used in SPT and four tenfold concentrations
in intracutaneous testing. The authors
reported that with SPT the 1,000 BU/ml
concentration could be found with a
confidence interval well between 500 BU/mi
and 2,000 BU/ml, often between 700 and
1,400 BU/ml. From available data it does
appear that the 1,000 BU/m! concentration
can be established against a reference pre-
paration well within the —50% to +100%
range with prick testing in 15—20 unselected
individuals allergic to the material.

With intracutaneous titration a 10 BU/ml
quality can be established well within a
similar range, as postulated by Voorhorst
(30).

Rationale for using RAST

Bio-assay for allergen standardization by
means of SPT is informative, but has some
disadvantages. The need for a relatively large
patient  panel makes standardization
cumbersome. The effort is worthwhile for
the initial investigation and licensing of an
allergen extract, but is too resource-
demanding for batch-to-batch controls.
However this becomes easier as modern
knowledge and technology allow the produc-
tion of larger batches, enabling activity
testing to be carried out less frequently than
before. Another disadvantage is the extreme
care that is  necessary to  secure
reproducibility and precision in standardiza-
tion with SPT, and even then the confidence

interval will not be better than 0.5 to 2.0. A
standardization which allows sc much
variation is not ideal although an important
step torward. The bio-assay should be
combined with in vifre methods which are
more precise and feasible than SPT.
Manufacturers need relevant in vifro methods
as guidance in exrract production, especially
for batch-te-batch controls.

In vitro methods which are relevant for
quantitation of allergenic activity are scarce.
Major allergens that are well characterized
may be quantitated by means of different
modifications of immunodiffusion and for a
very restricted number of allergens at the
present time. Quantitation can also be
achieved by means of histamine release from
sensitized human leucocytes, but this
technique is more cumbersome and is
affected by more variable factors than RAST.

For in vitro methods to be acceptable for
allergen extract standardization, their cor-
relation with the biological reactions in man
must be established. A number of studies
report a good correlation between the results
of skin tests and RAST (3, 7, 10, 13, 14, 19,
21, 32, 38). It is well established that RAST is
relevant for standardization purposes and
that it is specific, precise and reproducible
{Table 1). For allergen activity assays, cor-
relation coefficients of 0.998 with b 1.072 for
comparison between RAST and RAST-
inhibition as described by Yman (10, 19, 32),
indicate that both methods are equally useful
for standardization purposes.

Gleich et al. (13, i4}; Yunginger et al. (83),
and Noster et al. (19) compared intradermal
skin test end-point titration and RAST-based
techniques. The rank order correlation
coefficients in the first three studies were
highly significant (Ambrosia eliator, Poa pratense
and Alternaria allergens), whilst in the Noster
study a correlation coefficient of 0.91 was
obtained. Using SPT and RAST-inhibition
with Betula verrucosa allergens, Belin et al. {10)
obtained a correlation coefficient of 0.98,
and Grimmer et al. {12, 15} found a similarly
close correlation between results of SPT and
RAST inhibition for timothy pollen.



APPROPRIATE STANDARDIZATION OF ALLERGEN EXTRACTS 135

The above conclusions are valid, however,
only when the allergosorbents are made
from reliable material, which means allergen
extracts of high quality. Conditions to be
satishied for a high degree of reproducibility
and specificity in the RAST-system, are:

The production and use of uniform discs.
The use of adequate sera and serum
dilutions.

Precision in laboratory work

The use of allergen extracts of the highest
quality available.

[t is essential to select patients and serum
donors critically. Individual patients with
anomanus reactions may cause confusion.
The use of too few sera or a pooled serum
dominated by antibodies to minor allergens
may result in toc much attention being paid
to minor allergenic components. Further-
more, cne should avoid sera containing non-
reaginic allergen binding or “blocking”
antibodies.

RAST has considerable advantages over
SPT: one is relatively independent of patient
panels, the availability of standardized
reagents, its convenience and capacity.

This kind of standardization is feasible for
all common allergens most frequently used
in biological testing and hyposensitization.

Manufacturers who cannot have their
extracts quantitated by means of SPT can
compare their extracts in RAST-inhibition
with allergen extracts which have also been
fully quantitated by SPT and RAST in com-
bination. This should be made available for
reference by an agreement between
manufacturers or international reference
systerns. Such extracts could then be used as
reference in RAST-inhibition as outlined
here, provided that an adequate patient
serum pool is available.

It should be realized that skin testing and
RAST in their present form measure the sum
of allergenic activity and not individual
allergenic components. This means that with
the use of patients and patient-serum
reacting for example with both housedust
mite and dog epithelium allergens, these
10

tests cannot discriminate between two
housedust extract batches, the one being
dominated by mite allergens, and the other
by dog epithelium allergens, respectively.
Qualitative or quantitative differences as to
presence and distribution of different
allergenic components within a total activity

cannot  be  expressed unless more
sophisticated  techniques and combined
methods are wused. Such methods are

available for internal control purposes in
spme laboratories (28, 31). The quantitative
immunocelectrophoretic methods and crossed
radioimmunoelectrophoresis seem o give
the most discriminating information about
the individual components in the extracts.
These methods are being investigated in a
Danish Allergen Standardization study,
where the results of these methods are
compared with those of SPT and RAST in-
hibition.

However, at present they can only serve as
internal controls for the manufacturers, since
the demonstration by these methods of a few
extra components, or lack of such, in an
extract can have no practical results before
the purified components in question can be
evaluated per se, and substracted or added
specifically. The same applies to the use of
isoelectrofocusing with or without RAST
of isolated fractions; this may be used
similarly to crossed immunoelectrophoresis
and crossed radioimmunoelectrophoresis,
although inferior to the latter. RAST-
inhibition can also be used if the major
allergens are available for this purpose. It
appears that these methods are suitable to
control that all major allergens are
represented in an allergen extract, unless
declared otherwise.

At present and for some time to come, a
combination assay of the total allergenic
activity, by combining skin testing and RAST,
would seem to be the first feasible approach
towards relevant allergen extract standardiza-
tion, and should suffice for clinical purposes.
If this combined method was introduced and
used, it would mean a remarkable improve-
ment for allergy practice.
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One alternative for allergen extract
standardization is the production of large
quantities of extracts from each allergen
source and the use of selected extracts as
reference on an international scale. However,
this would also depend on assessment and
measurement of the extract’s total allergenic
activity as recommended above.

Furthermore, reference extracts must be of
exceptionally high quality. With the allergen
reference system described, using SPT and
RAST-inhibition, it would be no problem to
correlate other extract productions with a
given reference extract. The argument on
ethical grounds against bio-assay for allergen
standardization neglects the fact that many of
the extracts now produced and distributed
may be completely valueless or even
dangerous if the biological activity of the
extract is not taken into consideration. The
lack of relevant standardization of allergen
extracts endangers the patient, causes false
diagnoses in allergy and is probably
responsible for many therapeutic failures. It
appears less acceptable and more unethicai
1o inject a patient with a number of extracts
of unknown quality rather than to add a
small series of prick tests for allergen assay
purposes to the routine SPT usually
performed for diagnostic purposes. In our
depariments we encounter no difficulties or
problems in this respect when this is done
with the patient’s informed consent.
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