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Biological equilibration of allergen preparations:
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Summary
A melhod for biological equilibration (BE) ofallergen reference preparations using the
skin-prick test (SPT) method and histamine HCI 10 mg/ml as reference subslance
(reference melhod), was evaluated. The precision was low for weals less than 10 mm'.
The slope (log weal area/log eoncenlration) ofallergen and histamine did not vary
significantly between investigators and allergens. The median slopes were 0-39
(rt = 384) and 0 34 (/? = 397}. for allergen and histamine, respectively (/*<OOI). The
coneentration ofallergen eliciting a weal of the same size as that of histamine HCI
I mg/ml (C'hi) in the median sensitive patient. 1000 Biological Units/ml (BU/ml). did
not vary significantly between clinics/geographical regions (grasses, mites and
moulds). As BE is repeatable between regions. BUs estimated by this method are
generally valid. A high correlation (r = 0-91, 7'<0 001) was found between the median
Chi as estimated with histamine 1 and 10 mg/ml as reference substance, respectively.
Thus, this reference method for BE is valid. The precision of the SPT method with
histamine HCI I mg/ml is not as good as with 10 mg/ml. which is therefore
recommended as the reference concentration.

Correspondence: Dr Steti Dreborg. Departmeiil ol" Pucd in tries, UnivL-rsily Hospital. S-581 S5 Linkoping,
Sweden.
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Introduction
Biological standardization of allergen extracts by means of skin-prick testing (SPT)
has been proposed by Aas et al. [1] and recommended by the regulatory aulhorilies in
the Nordic countries [2]. The unit. 1000 biological units/ml (BU/ml). was defined as the
concentration of allergen eliciting a weal of the same size as that of histamine HCl
1 mg ml (Chi), in the median sensitive palient in a sample ofpatientsclinically sensitive
to the allergen in question. Recently, the term biological equilibration (BE) has been
proposed as more accurate for the purpose [3]. as the aim with this procedure is to
establish standards of allergenic preparations of diflerent speeies with biologically
equivalent potency. Several methods for BE have been described [4-9], which are either
not documented in detail [4-7] or do not ensure reliable results from all patients
included [8,9].

In order to improve the method for BE. we studied the dose-response relationship of
histamine and allergens (dog and Timothy) and the precision ofthe SPT method [10).
The precision was higher for concentrations inducing weals larger than, rather than
smaller than, 10 nm- (approximately 3-5 mm in diameter). Furthermore, Ihe slope of
the allergen dose response relationship was essentially parallel lo that of histamine.

The aim of this communication is to evaluate a new method [9] for BE ihal allows
the use of results from all included patients. Patient inclusion criteria. SPT procedure
and statistical method are evaluated.

Definitions
A The area ofa single weal reaction.
A The geometric mean of weal areas obtained with quadruplicate SPTs

performed with one eoncenlration of lesl solution.
Chi The concentration ofallergen. most ofien expressed in //g dry weight/

ml ing d.w. ml), estimated to induce an allergen weal response
corresponding to that of histaminc I mg/mt in the same patient.

Chio The concentration ofallergen estimated to induce an allergen weal
response corresponding to that of histamine 10 mg/ml in the same
patient.

Chio:10 The concentration of allergen estimated to induce an allergen weal
response corresponding to that of histamine 1 mg/ml in the same
patient by tirsi eslimaling Chio and then dividing by 10.

1000 BU/ml The median Chi in a sample of palients.

Subjects and methods

Patient material
Patient eharacteristics are given in Table 1. The main patient inclusion criteria were a
positive clinical history and a positive SPT supplemented for moulds and mites by a
positive RAST test. One or iwo trials were performed wiih each allergen (Table I. Figs
I and 2). One or two clinics within the same geographical region participated in each
trial. In Table 1 are given the number of patienis ineluded in each trial and in Fig. 2 ihe
number of patients fulfilling the statistical criteria set up (see below). In Fig. 3 the
number of palienis in each clinic with a positive weal response lo the histamine
references are shown. Trials were di\ided into clinics as the technique might differ
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Table I. The aliegens tested and the country in which BE was performed

Allergen

Ryegrass

Timothy

Mugworl
Wall pelliton'

P. officinatis
P. Judaica

Birch

Dog
Cat
Horse
Dermatopkagoidespteronys.sinus

Dermatophagoides farinae

Alternaria atternata

Cladosporium herharum

Country

U.K.
Sweden/Norway
U.K.
Sweden
Sweden

Spain t
SpainJ
Sweden
Sweden
Sweden
Sweden
U.K.
Sweden/Norway
U.K.
Sweden/Norway
Denmark
Sweden/Norway
Denmark
Sweden/Norway

n*

22
26
22
12
\1

36
36
29
20
22
IX
24
29
24
30
31
28
31
26

M/Ft

12/10
17/9
12/10

6/6
11 /6

13/23
13/23
11/18
8/12
9/13
4/14

13/11
9/20

13/11
8./22

18/13
12/16
19/12
II'15

Mean
age

26
23
26
22
32

31 5
31 5
26
27
33
26
22
32
22
32
245
24
26 5
25

Range

(18-51)
(19-36)
(18-51)
(18-36)
(15-60)

(15-49)
(15 49)
(17-53)
(18-51)
(23 51)
(19^1)
(19-44)
(17 45)
(19-44)
(17-45)
(17-55)
(I5-tl)
(17-55)
(16-41)

• /i = number of patienis.
t M/F = sex distribution.
X Reported in reference 13.

between centres participating in the same trial. Patients were excluded from the
calculations if they had taken anti-allergic medication (one patient). Statistical
exclusion criteria are given below.

Material for .skin-prick test (SPT)
Freeze-dried allergen preparations fin-house references. Pharmacia AB. Sweden) of
each species were used. These preparations were highly or partly purified [9]. Their
composition was characterized hy biochemical and immunoehemical methods {Table
2 [12-20]). Albumin diluent (saline 0-9"o. alhumin human OOV'/v and phenol 0 4'%,),
Histamine HCI. I and 10 mg ml (5-43 and 54-3 mmol I or 0-63 mg/ml and 6 3 mg/ml
histamine base) (Pharmacia AB). skin-prick test lancets [21] (uncoated Phazet®,
Pharmacia AB), fine filler-tip pens and transparent tape for the registration of weal
reactions were used.

The .skin-prick test tnethod
The SPT method has been described in detail elsewhere [9]. The stock solution (Table
2) was diluted five times to obtain six ten-fold dilutions. The three lowest concentra-
tions were tested in duplicate on the forearm ofthe patient together with histamine
1 mg/ml. The concentration of allergen eliciting a weal of approximately the same size
as that of histamine HCI 1 mg/ml (Chi) and the next two higher concentrations, were
used in the final test. If all three allergen concentrations gave smaller weals than that of
histamine HCI 1 mĝ  ml, then the three highest concentrations were used. The test sites



540 5. Dreborg et al.

Tahle 2. Biochemical and immunochemieal characterislics orallcrgen preparations used Tor
biological equilibration (BF)

concent rut ion Proteins Carbohydrates CIFi CRIE
(mgd.w.,ml) ("iiofd.w.) ("1, of d.w.) (reference)

Rye grass
Timolhy grass
Mugworl
Wall pelluory

P. judaica
P. ofUcinalis

Common silver birch
Dog dander
Cat epilhehum
Horse dander
Dermatophagoides pterony.ssinus
Dcrmutopluigoides farinae
C 'lado.\poriutn herbarum
Alternarid alternata

0-12
006
10

30
3 0
0-5

lO'O
IOO
10-0
IOO
10-0
10-0
10(1

51-0
59-4
31'4

226
37-9
4.V2
52'7
59-6
8IS
41-9
44-7
23-2
14,S

130
9 3

368

25-0
240
6-6
9-6
8 0
24

220
13-7
53-6
74(>

•
*

12

13
13
14
IS
16
•'
17
18
t9
20

• Not published.

L09A

HIS torn me

1 mg/ml- •

Log relotive
concantroliar

Fijj. I. The principles of Ihe skin-prick test method The concentraiion eliciting a weal orapproximalely Ihe
samt'si2eas Ihut of hisiaminc I mg ml is chosen, in a pre-lest on the forearm, in 1 he cxiimples shown, relative
concentrations 2 itnd 4. The area ol'weals obiained wilh Ihese concenirations of allergen, the pre-sclcclL'd and
two 10 and l(H) limes higher concent rations, in iwo patients arc shown. The geometric means ofthe weal
areas obtained wilh hislamine HCI I and 10 mg ml are indicated by horizonlal bars. According to the
method, the concentration ofallergen eliciting a weal area of the same size as thai of hislamine 10 mg ml is
estimated by regression-line analysis and the result divided b> H) to obtain ihe Chi concentration for ihal
patient. Forevalualion of the method, the C|,i valuewas alsoestimated directly using histam-ne HCI I mg/ml
as reference.

were alloeated in a mirrored way on the back of the patient. The final test eonsisted of
quadruplieate tests with the three allergen concentrations chosen according to the pre-
test, histamine HCI I and lOmg ml. All patients were thus tested at the same part c-fthe
dose-response curve (Fig. 1). After 15 min, the weals were encircled with a fine filter-tip
pen and the contours transferred hy means ofa translucent tape to a record sheet. The
area of each weal was estimated with a digitizer connected to a Vax computer.
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Carbohydrate content
The total carbohydrate content was determined by gas liquid chromatography
according to Sawardeker et al. [22].

Protein determination
The protein content was determined by amino acid analysis according to Spackman et
al. [23].

Statistical analysis
The model log A=a-\-b log (concentration), best fitted to the allergen and histamine
dose-response relationships was used in all calculations [10].

Three main areas were evaluated: the selection of patients, the SPT procedure and
the statistical method.

The criteria for selection of patients. These were evaluated by studying the
repeatability of the 1000 BU/ml concentration between different clinics/geographical
regions.

The SPT method. This was evaluated by estimation of the precision at different
response levels and the variability of the weal response to histamine HCl I and 10 mg/
ml between centres. The precision of the SPT method was studied in terms of the
coefficient of variation (c.v.). For this purpose, weal areas < 3 mm* were regarded as
negative. Geometric mean weal areas < 3 mm' were excluded. Due to the high c.v. at
low response levels [10,11], a higher cut-offlimit (7 mm-) was used when estimating the
Chi (see below) than for estimation of the precision.

The variability of the response to histamine was studied by estimating the median.
95'̂ i confidence limits and range for the geometric mean of weal areas obtained with
each of the two concentrations of histamine used.

The statistical method. This was evaluated by estimation of the possible difference
in slopes (log weal area/log concentration) between allergen (three concentrations) and
histamine (only two concentrations) and the correlation between Chi obtained by
direct and indirect calculation as described below (Ci and ChuiilO).

The statistical method that was applied has been described elsewhere [9]. For each
patient, linear regression analysis was performed using the model log (A) = a + b log
(concentration). The "slope" (b) of the histamine dose-response relationship was
estimated from the geometric mean of weal areas of only two ten-fold concentrations
of histamine HCl 1 and 10 mg/mi, that of allergen using three ten-fold concentrations.

Results obtained from patients who showed a correlation coefficient < 0-85 and/or
slope <0-I were excluded. This position has been taken in earlier studies [8 11] since
such dose-response relationships will give non-precise results. Data from patients with
a geometric mean of weal areas <7 mm-, with all concentrations of allergen or the
histamine HCl concentration used for estimation of Chi (1 or 10 mg/ml), were excluded
in this part of the study. If only two concentrations of allergen elicited a positive
response (geometric mean of weal areas > 7 mm'), then these were used for estimation
of the Ch|.

For testing of the difference in slope between allergen and histamine. only patients
who gave data with both allergen and histamine were considered.

Estimation of the Chi concentration was done in two different ways: the
concentration eliciting a weal of the same size as histamine 10 mg/ml (Chm) was



542 S. Dreborg et al.

( a } Allergen n iOI O3 I 3
i/qdw/ml

30 100 3CX) 1000 10000

Rye grass

Timothy

Birch
Mugwort
Poffiano/is

Dog

Horse
0. ptero-
nyssinus

Clodosponum

Altemaria

C b ) Allergen

0! 03 10 30 HXJ300 1000 10000
d w /ml

;/g protein/ml
10 30 100 300 1000 10000

Rye grass

Timothy

Birch
Mugwort
Rafficinalis

Dog
Cof
Horse
D ptero-
nyssinus

D. forinae

ClaHospormm

Alternaria

01 0-3 10 30 100 300 1000 10000
uq protein/ml

Rg. 2. The median, 95% confidence intervals and the range for CM (uppwr, thin line) and ChiorlO (lower thick
line) for alt trials. The amount ofallergenic malericil in îg d.w./ml (;ig dry weighl/ml) (a) and in /(g prolein/ml
(b). For most allergens data trom two BE trails in different clinics in different geographical regions arc given
(Table I).

estimated and the result divided by 10 (Fig. I) [9]; the concentration Chi was also
estimated directly using histamine HCl 1 mg/ml as reference [8].

The relation between Chi concentrations obtained according to these two methods
was studied estimating the Pearson correlation coefficient.

Ethics
All patients got full information about the aim of the trials, written or oral, and gave
their oral or written informed consent, in accordance with the regulations in the
different countries.
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Allergen 25
Median weal area [mm )

50 75 100 125
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8
8

2

14
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1 -]
M
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|4
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3 0
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' . " " ' — • - — .
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Fig. 3.Thc area of weals obtained wilh hisiamine Hfl 1 (upper bar) and 10 (lower bar) mg ml in one lo two
centres trial arc given (nicun. 2 s.e.m. and the range), n denotes the number of patients with n mean woal area
more than 7 mm- (3 mm in diiimetcr).

Results

Patient selection criteria
The 95".. confidence interval of the Chi concentration, obtained wilh the same lest
material, the same test and the same method for estimation of the median Chi in
difTerenl clinics/geographical regions overlapped. Thus, there was no significant
dilferencc in the median Chi value between regions (Fig. 2). Only one of the Alternariu
trials gave a higher median Chi than expected.
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Fifi. 4. The precision (c.v.%) of the SPT nielhod calculated on tests with a geometric mean weal area
wilh allergens (O) and histamine (•) in different trials. If two centres were involved in one trial, this is
indicated by two numbers i.e. 17/22. n denotes the number of patients.

100-

75-

cj

25-

0-

Group
n

Interwol(mm^)

I S I I
AH AH AH AH
lie 60 226 255 364 441 551 104

0-10 10-20 20-50 >50

Fig. 5. The precision (c.v.%) of the SPT calculated on all tests with a geometric mean weal area >3 mm-.
Allergen (A. O)and histamine (H. • ) data are given separately. « denotes the number of quadruplicate tests
with a geometric mean weal area within the respective interval (for explanation sec statistical analysts).

The skin-prick test method
Positive reactions were obtained with the concentrations of allergen chosen from the
pre-test. in all but two grass pollen trials, those wilh the lowest precision. The areas
obtained with histamine HCl I mg,ml. varied considerably. Individual geometric
means were less than 7 mm- in seven of twenty-nine centres and the median varied from
11 to 28 mm- in difTcrenl centres (Fig. 3). In one centre trail (rye grass U.K.) the Gi
value was not possible lo estimate in nincof iwenty-two patients due to the fact that the
geometrie mean of weal areas, with allergen and/or histamine, was less than 7 mm'. In
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Fig. 6. The slope (b) (log weal area/log concentration) of the allergen (a) and histamine (b) dose response
relationships (median. 2 s.e.m. and range), n denotes the number or patients. Al the bollom Ihe median and
95"i. confidence limits of all allergen and histamine dose response relationships, respectively. At the very
bottom of Fig. 6b. the confidence limits for the allergen slope (Fig. 6a) are given for comparison.

all but this trial, weal areas obtained with histamine HCl 10 mg/nil were significantly
larger than those elicited by histamine HCl I mg ml.

The precision of the SPT method was similar for the different allergens (Fig. 4).
However, in two grass pollen trials, thec.v. was high and in some of the animal allergen
trials it was lower than in most other trials.

The precision estimated on all tests with all allergens using tests wilh geometric
mean of weal areas >3 mm-, is shown in Fig. 5. The precision wns lower at low
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Fig. 7. The correlation between Ihe median Chi and Chm: 10 concentrations in ;igd w. (crossing poirt) The
95".I confidence limits are indicated b> ihe vertical and the horizontal bars, respectively. (—*- ) Trees.
(—•—) grasses. {—•—) weeds. (- A ) moulds. ( o- •) mites, (- O -) animals.

response levels, i.e. geometric mean weal areas less than 10 mm- (3-5 mm diameter).
However, this tendency was significant only for histamine. In the trials with low
precision mentioned above, the tendency towards lower precision was most marked at
low response levels (data not shown).

Statistical method
The slope of the allergen dose response relationship varied considerably between
patients. However, no statistically significant difference in slope was found between
species, trials or regions (Fig. 6). If all data were pooled, the 'slope' of histamine was
significantly flatter than that of allergen (P<OOl) (histamine: median 0-343, 95%
confidence limits 0 332-0 357. range 0-109-1-028; allergen: median 0-387. 95%
confidence limits 0-371 0 403. range 0I2&-0-962).

The Chi value varied at least 10"* between individual patients tested with the same
allergen preparation (Fig. 2). The activity, expressed by the median d,! given in /;g
d.w./ml, varied within a factor of two between allergens from the same group of
allergen source materials, i.e. grass pollen, weed pollen, animal, mite and mould
allergens. Actually, the median C'i,i varied between O-S/jgd.w. ml and 6/igd.w. ml,i.e.
a factor of2 2 for all pollens and between 6/(gd.w. ml and 45 ̂ gd.w., ml. i.e. a fact or of
2-8 for all non-pollen allergen preparations (Fig. 2a). There was only one excep[ion,
Alternaria. which was significantly less potent than pollen allergens in one of the trials.

The variation in activity between dilfercnt source materials related to protein
content,ml was slightly less than that related tod.w. ml (pollens 0-35 1-2. i.e. a factor
of 1-7. and non-pollens 3-20 /jg protein ml. i.e. a factor 2-6) (Fig. 2b).

There was a good agreement between the 1000 BU/ml concentrations estimated as
median Chi for all tested species and the median Chin: 10 for the same species (Fi^. 2)
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and a tendency towards lower values for Chio: 10 than for Gn. especially for pollens.
The opposite seemed to be true for some non-pollen allergens, e.g. the tnoulds. A high
correlation was found (f- = 0-91. /*<0-001) between Chi and ChioilO values {Fig. 7).

Discussion
Several other methods for estimation of the biological activity of allergen preparations
have been described. The activity has been expressed in HEP (histamine equivalent in
skin-prick testing) [24]. SARA [6.25] or BUs [4]. These different units are not
comparable to the BUs described in this communication, as most of them differ from
our method regarding patient selection criteria. SPT procedure and statistical
evaluation. Their relevance is discussed elsewhere [3.26].

The median Chi concentration (1000 BU/ml) was repeatablc between difTerent
geographical regions (Fig. 2) [8.11]. The allergenic material and the methods used for
estimation of biological activity were the same. The f~act that the median C|,i did not
differ between clinics/geographical regions indicates that the patient selection criteria
used are relevant for the determination of biological units.

In a previous study [8,11] we found repeatablc tnedian Ci,i results for Timothy in
Sweden. Norway and Germany. In this study the reproducibility was extended to rye
grass, mite and mould allergen preparations, tested in Sweden. Norway. Denmark and
the U.K. The high concentration corresponding to 1000 BU/m! in one o^\\\Q Alternaria
trials illustrates the difficulty in defining patient inclusion criteria for allergens with less
known clinical symptomatology.

These data are supported by results obtained by two other groups who used
methods similar to ours [8.9] and with the same patient selection criteria. Maasch et al.
[27] investigated the biological activity of Timothy allergen extracts in two groups of
patients with grass poUinosis and found a similar activity. Constable et al. [25] found
that 11 and 13 /ig d.w./ml of a Dermatophagoides pteronyssinus allergen preparation
corresponded to an activity of 1000 BU/ml. when using histamine HCl 1 and 10 mg/ml.
respectively, as reference substance compared to 6 26 /ig in our trials using difTerent
evaluation methods. These results were similar to those found by us (Fig. 2). thus
confirming the repeatability of the median Chi between patient samples.

The median Chi concentrations found in these studies had wide confidence limits.
However, when data from eighty-seven patients tested with the same Timothy allergen
preparations as used in this investigation [8,11] were utilized, then the confidence limits
were 0-8 and 1 -S /jg d.w./ml. Thus, more precise estimates of the biological activity can
be obtained by increasing the number of patients included. The fact that the confidence
limits narrowed when data from several trials were pooled indicates that the results in
these different trials are similar. By including more patients a better estimate o{ the
possibly small difference in sensitization between samples of patients may be obtained.
For this purpose a simplified method has been developed [26].

Based on results from a previous study [10] we chose histamine 10 mg/ml as
reference. We also included histamine HCl I mg ml to investigate the possibility of
changing the reference, without changing the unit. In this report, patients in some
centres did not respond with weals of tncasurablc size ( > 7 mm-) to histamine HCl
1 mg/ml {Fig. 3). This finding stresses the need for investigators to practice the SPT
technique and document their precision, prior to the start of BE. or any other type of
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trialusing the SPT method, and to use histamine HCl 10 mg/ml rather than 1 mg/ml as
reference substance, as earlier proposed [3,28,29].

In a preliminary study [10]. the c.v.''ii was similar at response levels more than
10 mm'. This finding was confirmed in Ihc present report (c.v. 15 50"/ii using the weal
area, corresponding to 7 25 using the diameter). There was no difference in precision
with different groups of allergens. In previous reports the c.v. has varied between 8%
and 25% (diameter) [10.28 33], which is similar to our data. The best precision [!̂ 31has
been found with a metallic device [21]. A c.v. as high as 607,. [31]. based on tlic weal
area, was found in one report using a plastic device [30]. The present study indicates
that a low c.v, is possible to obtain, but also that c.\. varies with investigator [33].

In patients with response to all allergen concentrations, a high coefficient of
correlation of the dose response relationship was found. Although the slope of the
dose response relationship varied considerably between patients there was no
significant difference between allergen preparations from difTerent groups of source
materials. In a previous study [11] Cladosporium had a significantly steeper slope than
pollen allergens, This observation could not be confirmed by Mailing [28] or by the
present study. Mailing [28], who used the same Cladosporium and Alternaria allergen
preparations as used in the present report, found the slope of the allergen dose-
response relationship to be 0-32 with the 95% confidence limits overlapping our
median value (0-39).

The slope of allergen was significantly steeper than that of histamine. if all data in
this study were pooled. In contrast, in a previous study [10], the slopes of the Timothy
allergen and histamine dose response relationships were found parallel over a wide
range of concentrations. However, the slope of dog allergen and histamine were not
parallel in that study. As there were histamine slopes both steeper and flatter than those
of dog allergen, we concluded that the allergen and histamine slopes were essentially
parallel. In the present study more patients were included. Therefore, the confidence
intervals were lessened, which explains the significant difference between slopes. Also
the use of only two concentrations of histamine might have contributed to the
difTcrence between this and the previous study [10].

in order to check our method, which utilizes histamine HCl 10 mg ml instead of I
mg/ml as reference substance [9], we correlated the median Chi to the median Chm: 10
(Fig. 7). A high correlation was found and lor all allergens tested the 95''o confidence
interval overlapped the ideal slope (.v=r). A less pronounced, but significant
correlation between the individual C^ and Ci,iii:10 has been found for Alternariu and
Cladosporium by Mailing [32]. This indicates that the reference can be changed without
changing the unit prescribed by the Nordic Council on Medicines [2].

The most important finding was that the result of BE was repeatable beiween
clinicS/regions, provided the patient selection criteria were kept constant. Thus, the BU
values obtained are generally valid. Furthermore, using biologically equilibrated
allergens, grading of the skin sensitivity to difTerent types of allergens is possible.
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