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Abstract
Background: Parallel line bioassay (PLBA) has been acknowledged being the gold standard for estimation of
changes in skin reactivity during (immuno-)therapy.
Objective: To study changes in skin prick test (SPT) estimated by skin prick test titration, wheal area and sum of
wheal areas in relation to PLBA.
Methods: Data from a published immunotherapy trial using skin titration with half 10 log steps were evaluated
using endpoint titration, wheal areas, histamine equivalent allergen concentration using PLBA as gold standard.
Results: Endpoint titration and PLBA correlated (r=0.76) and the slope of the correlation, b (0.8) was not
significantly different from 1, i.e. expressed the same result, were interchangeable. Furthermore, the result was
expressed in change in allergen concentration, Ca. The area of all wheals and the area of the wheal induced by the
highest concentration also correlated, but to a lesser degree (b=0.36 and 0.41, respectively), to PLBA significantly
different from 1, i.e. did not express the same result.
Conclusions: Estimation of the SPT during therapy expressed as change in endpoint concentration correlated to
changes by PLBA. However, earlier described simple methods, expressing the change in skin sensitivity as change
in histamine equivalent concentration, should be preferred.

Keywords: Skin prick test; Allergen; Histamine; Method; Allergy;
Immunotherapy; Wheal area; Wheal diameter; Skin prick test titration.

Abbreviations
A: Wheal area in mm2 ; Aa: Mean wheal area induced by a given
allergen concentration; b: The slope of the allergen dose response
relationship (model: A=a+b log conc.); Ch: Histamine equivalent
allergen concentration; CPT: Conjunctival provocation test; drra:
Allergen dose response relationship; b-drra: The slope of the allergen
dose response relationship; PLBA: Parallel line bioassay; r: The
coefficient of variation; SPT: Skin prick test; δSPT: Change in skin
sensitivity; X: X indicates methods used as x variables; Y: Y indicates
methods used as y variables.

Introduction
Some decades ago, most allergists used endpoint titration by
intradermal skin testing as a measure of skin reactivity and for
determination of starting dose for immunotherapy [1]. During the
1980’s European manufacturers started to deliver extracts for SPT in
one concentration. Since then results have been reported in terms of
wheal diameter, or in some scientific reports in mm2. It has not been
possible to compare changes in skin test wheal sizes with that of
bronchial, nasal or conjunctival provocation tests reported by
threshold concentrations. Furthermore, due to the flat allergen wheal
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dose response [2,3] a 10-fold increase in skin sensitivity roughly
corresponds to an increase in wheal diameter from 3 mm to 4.65 mm,
or from 4.65 to 7.2 mm, or from 7.2 to 11.1 mm in diameter [4]. Thus,
wheals 3 and 11 mm in diameter represent a thousand-fold difference
in reactivity. However, data on change in threshold concentrations are,
with few exceptions, not used in clinical trials and still less in clinical
practice.
The skin response to SPT in an individual depends on the technique
applied but also other factors, such as medication, the total allergenic
potency and composition of allergen extracts [5,6]. The variation in
wheal size between investigators can be minimized by adjusting the
allergen wheal size to that of the histamine wheal size [7]. Methods for
evaluation of allergen skin reactivity by equilibrating the allergen
wheal reaction to that of histamine using the allergen dose response
relationship have been developed [8].
Parallel line bioassay, PLBA, is regarded the gold standard for
estimating differences in potency and skin reactivity [9].
The aim of the present study was to evaluate skin prick test end
point titration, expressing the results as the change in end point or
“threshold concentration” from before and after (immuno-)therapy
related to estimation of change of skin sensitivity using PLBA.
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Material and Methods
Patients
Thirty-nine (39) Swedish children with a clinical history of
deciduous tree pollen rhino-conjunctivitis were included, 25 boys and
14 girls, mean age 11 years (range 6-16 years) [10]. The subjects had
positive SPT responses to birch, alder, hazel and oak, positive CPT tests
for birch, and positive in vitro IgE results to birch [10] (>0.35 Phadebas
RAST units/ml). The mean pretreatment CPT threshold concentration
of birch freeze-dried allergen extract (Pharmacia Diagnostics AB,
Uppsala, Sweden) was 1000 Nordic Biological Units/ml (2 μg of Bet vs
1/ml) [11], and the histamine 1 mg/ml equivalent birch allergen
concentration (Ch) [8] 4800 BU/ml (about 10 μg/ml) (Pharmacia).
One group, n 19, was given birch allergen extract, while the other
group, n 20, was given a deciduous tree mix containing equal amounts
of birch, alder and hazel pollen allergen as measured by Nordic
Biological Units [12]. The trial was double blinded, randomized.
The original trial was approved by the local ethical committee and
parents/care-givers gave their written informed consent.

Test solutions and other materials for SPT and CPT
Children were tested with several deciduous tree pollen extracts.
The results reported here are for a crude oak pollen allergen extract,
1/10 w/v, freeze-dried (Pharmacia Diagnostics AB, Uppsala, Sweden).
Positive reference was histamine dihydrochloride 1 mg/ml (5.43
mmol/L or 0.63 mg/ml histamine base) (Pharmacia). For SPT and
CPT, Albumin diluent® (Pharmacia), was used for reconstitution and as
negative control.

Methods for evaluation of changes of skin reactivity
For all methods the data before and after immunotherapy were
compared. Immunotherapy was given for 3 years [10]. The letters A-D
identify methods and the number attached to the method letter
indicates the number of randomly selected replicates with the same
concentration.
End point titration: The lowest concentration eliciting a wheal with
an area ≥ 7 mm2, i.e., a mean wheal diameter of ≥ 3 mm, was regarded
the cutoff limit. Changes were expressed as change in endpoint
concentration, Ca.
Wheal size: The wheal area obtained with the same concentration of
allergen was compared before and after immunotherapy. Changes were
expressed as change in allergen wheal area, Aa.
The sum of all wheal areas: The sum of all wheal areas ≥ 7 mm2, i.e.,
with a mean diameter ≥ 3 mm. Changes were expressed as change in
allergen wheal area, Aa.
Parallel line bioassay: Parallel line bioassay was performed
according to Finney [15,16]. In principle the regression line estimating
the allergen dose response relationship (drra) was calculated before
and after immunotherapy and tested for parallelism. When the null
hypothesis for parallelism could not be rejected, then the relative
change in concentration of allergen needed to elicit a wheal of the same
size, before and after immunotherapy, was calculated for each patient.
The principle is illustrated in Figure 1. Changes were expressed as
change in allergen concentration, Ca.

The same batch of freeze-dried extract was used before and after
immunotherapy. The freeze-dried extracts were reconstituted with
Albumin diluent every week.
The potency was given in Nordic Biological Units/ml [12]. One
hundred thousand BU/ml concentrations contained about 100 μg/ml
of major allergen, ± a factor of 2 [11].
Disposable short beveled 26 G needles were used for SPT in
accordance with Pepys [13,14]. SPT was performed and recorded
according to the EAACI position paper [6].

Materials for immunotherapy
Subcutaneous immunotherapy (SCIT) was given in a double-blind
manner using either a freeze-dried birch allergen preparation
(Pharmalgen®, Pharmacia) or a tree mix (33% of each of birch, alder
and hazel, based on BU) (Pharmalgen® tree mix, Pharmacia). Both
preparations had a total allergenic activity of 100,000 BU/ml. The Bet v
1 content of 100,000 BU/ml was 200μg/ml [10]. Depot diluent®
(aluminum hydroxide 0.2%, Pharmacia) was used for maintenance
therapy. For up dosing, Albumin diluent® was used.

Skin prick test methods
Single tests were made with half 10 log dilutions.
In principle, the criteria set out in the EAACI position paper on skin
testing were followed [6], e.g., the allergen wheal size was
accommodated for the wheal response to the negative control. The
weal areas were measured using a digitizer.
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Figure 1: The figure illustrates one patient tested with three ten-fold
concentrations of allergen before (above) and after (below)
(immuno-)therapy. The dose response should satisfy criteria for
parallelism.

Two simple methods for estimation of the histamine
equivalent allergen concentration
Two methods [8] using single histamine and allergen concentrations
for estimation of the histamine equivalent allergen concentration (Ch)
were documented and changes were found correlating to changes as
measured by the PLBA method and CPT in a previous paper [9].
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Statistical analysis
Logarithmic transformation of all variables was performed prior to
calculation of the relationships described below. The mean wheal area
therefore means the geometric mean of wheal areas (the arithmetic
mean of logged wheal areas).
The different methods were compared in terms of correlation
coefficients calculated by the model X=a+bY, as estimated by the
method of least squares, where X=change in skin sensitivity as
measured by method X (A-D) and Y=change in skin sensitivity as
measured by method Y (A-D). The variable “Change in skin
sensitivity” was measured as the relative change in allergen
concentration (methods A and D), the change in mean wheal area
(method B) or the sum of wheal areas >7 mm2 (method C).
Difference in slope from 0 (dose response relationship) and 1
(measuring the same thing) was estimated using the t-test.
Bland-Altman analyses [17] were not performed since their paper
appeared in the autumn of 1986 at the time we performed our
calculations.

Results
The change in skin sensitivity as measured by methods A, B and C
versus method D (the gold standard), and methods B and C versus
method A (the endpoint titration method), is shown in Table 1.
Allergen

Birch

SPT method

Conc. BU/ml

Y-axis

X-axis

x 1000

A

D

B

D

C

D

B

A

C

A

2,000

2,000

n

r

b1

33

0.76

0.802

33

0.83

0.36

19

0.90

0.41

39

0.63

0.23

24

0.80

0.32

1) The lopes, b, were significantly different from 0 (p <0.0001) and significantly
different from 1.
2) Not significantly different from 1, significantly different from 0 (p <0.0001).

Table 1: Correlations between changes in skin sensitivity as measured
by different SPT methods. A is the endpoint titration method, B is the
wheal area method, C is the sum of the wheal area method and D is the
parallel line bioassay method. n denotes the number of eligible
patients, r is the coefficient of correlation, b denotes the slope.

All correlations (r) except for method B to A were higher than 0.75
and the correlations of methods B and C, i.e., the methods based on
areas, to method D were higher than 0.8, i.e., an indication the
methods are interchangeable (Table 1). However, methods B-C express
the change in wheal size, Aa, and methods A and D that of Ca.
The intercept, a, was not significantly different from 0, i.e., the ratio
between the results obtained with different methods was similar at
high and low response levels.

Discussion
This study shows that several methods for estimating changes in
skin reactivity during SCIT correlate well with the gold standard,
PLBA. In a previous study [9] this has also been shown for two simple
methods, using one allergen concentration and the slope of the
allergen dose response relationship (b-drra) [8]. These simple methods
[8] estimating changes in skin histamine equivalent threshold
concentrations are also appropriate for evaluation of the change of skin
reactivity during (immuo-)therapy and in patients/patient samples
over time [9].
In our previous paper on evaluation of immunotherapy using the
two simple methods [9], we found good correlation between changes
in shock organ sensitivity (CPT) and skin sensitivity. This makes it
possible to follow the allergen-specific effect of immunotherapy using
skin tests performed at different times during (immuno-) therapy. A
prerequisite is the precision of the SPT technique is good. Then both
end point titration and, as demonstrated in our previous study, the
simple methods, can be used. Preferably, the differences in technique,
between testing personnel and occasions, should be minimized by
relating the allergen wheal response to that of the histamine reference,
thus correcting for differences in technique and possible changes in
general skin reactivity. Actually, the endpoint concentration can be
recalculated as the histamine equivalent concentration, Ca.
There was a high correlation between changes in skin test endpoint
titration and PLBA (Table 1). Both methods deliver results that
indicate a difference in skin reactivity based on allergen concentration
that elicits a given response. The endpoint of allergen skin titration is
defined as the lowest allergen concentration eliciting a wheal but
higher than that the cut-off, i.e., the mean of the background+3.3 s.d.
The background should be determined per device. There are data on
the cut-off limit for American SPT devices [18] (Table 2 in [19]) but
not for European SPT devices§.
§In the AAAAI/ACAAI Practice Parameter on diagnosis, 2008 (18),
is given data for an “ALK” lancet. However, it is an American version,
not the Østerballe steel lancet commonly used in Europe.

All slopes (b), using the model Log Area=a+blog concentration,
were significantly different from 0 (p<0.0001), i.e., there was a dose
response relationship.
Device 1

0.99 Quintile of reactions at Device 2
0.99 Quintile of reactions at the
the negative control sites,
negative control sites, mm
Devices for which a more than 3-mm wheal
Devices for which a 3-mm wheal would
mm
should be used as significant.
be significant
Quintest (HS) puncture

0

DuoTip (Lincoln) twist

3.5

Smallpox needle (HS) prick

0

Bifurcated needle (ALO) prick

4.0
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DuoTop (Lincoln) prick

1.5

MultiTest (Lincoln) puncture

4.0

Lancet (HS)

2.0

Bifurcated needle (ALO) puncture

4.5

Lancet (ALK)

3.0

Quick Test (Pantrex)

4.0

DermaPICK II

0

Greer Track (Greer)

3.5

Abbreviations: HS: Hollister Steer; Greer: Greer Laboratories; ALO: Allergy Labs of Ohio; Lincoln: Lincoln Diagnostics; ALK: ALK.

Table 2: The size of wheals that are larger than 99% of the wheals with saline, using the same device on subject’s back by the same operator (n =
80) [18].
End point titration or pricking one allergen concentration and
histamine estimating Ca are basis for meaningful reporting of changes
in skin reactivity comparable to the threshold concentrations of
challenge procedures. The results are therefore more meaningful than
reporting the size of allergen induced wheals, as obtained with
methods B and C. The endpoint titration is laborious and difficult to
interpret, especially if the precision of the testing personnel is not
optimal, since bad precision may cause the first positive skin reaction
to be followed by a negative reaction at a higher concentration.
A decrease in histamine wheal size from before to after SCIT has
been reported in several immunotherapy trials [9,19]. Stuckey et al.,
found the size of histamine wheals to be correlated to total IgE and the
number of sensitizing allergens [20]. Bordignon and Burastero [21]
found a correlation between the number of positive allergen skin prick
tests and sensitivity to histamine (mono-sensitized versus polysensitized subjects: p=0.0015) [21]. As indicated in [9] a decreased
sensitivity to the allergen used for SCIT may therefore explain the
decrease in histamine wheal size. Another explanation may be a
change of technique. Whatever the reason, the allergen response
should be interpreted in relation to the skin reactivity on the same
occasion [7]. The three methods for estimation of changes of skin
sensitivity during allergen immunotherapy investigated in this
communication (methods A-C) do not use histamine for equilibration
of changes in skin reactivity and/or changes in testing technique that
makes them less useful than the simple methods including histamine
“correction”.
As mentioned in our previous communication [9], the correlations
between changes in CPT threshold concentration, the reference
method D and the two investigated simple methods using the common
slope b of the drra were good. Skin testing can therefore be used as a
surrogate for organ provocation. However, the simple methods should
be preferred in studies as well as in clinical practice, since they report a
threshold concentration.
In conclusion, changes in SPT reactivity can be estimated by
endpoint titration and wheal area/diameter. However, earlier described
methods estimating the change in allergen concentration that elicits a
wheal of the size of the histamine reference, minimizing the influence
of differences in technique between test occasions and testing
personnel, should be preferred. This measure of skin sensitivity is well
correlated to shock organ sensitivity.
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