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Background: Skin prick tests (SPTs) are a frequently used method for evaluation
of atopy. A variety of standard allergen preparations are available, together with a
number of different methods of application.

Objective: The objective of this study was to compare SPT reactivity 1) using
Soluprick SQ allergens (ALK Allergologisk Laboratorium A/S, Hørsholm, Den-
mark) and Bayer allergens [Bayer Corporation, West Haven, CT], and 2) using two
common methods of application, a standard prick lancet and a Quintest, both
produced by Bayer.

Methods: SPTs were undertaken on 22 adult volunteers (mean age 40 years, 17
female, 5 male). Wheal size was recorded as mean diameters (mm) and area (mm2).

Results: Bayer allergens produced larger mean diameters and areas to dust mites
than ALK allergens, with the differences significant when allergens were applied
with the lancet. There was a tendency for the ALK cat allergen to produce larger
reactions than the Bayer product. The method of application also influenced the
wheal size, with the lancet producing significantly larger mean diameters than the
Quintest for the histamine and allergens from both manufacturers, except the ALK
cat allergen. There were similar differences between methods of application for
reactions measured as an area.

Conclusions: SPTs that use different allergens or different methods of applica-
tion will not provide comparable assessments of atopy.
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INTRODUCTION
Skin prick testing for sensitivity to
common allergens is an accepted
method of determining individual
atopic status, especially useful in pop-
ulation surveys. However, across-
study comparisons in the prevalence of
atopy may be compromised because of
differences in the methods or allergens
used to determine individual atopic
status. Many studies have examined
this potential bias by comparing the
many different prick devices on the
market,1–6 although few studies have
included the more recently produced

Quintest manufactured by Bayer Cor-
poration (West Haven, CT).5–8 Further,
we found only one paper9 comparing
skin prick test (SPT) reactivity to a
panel of standardized extracts pro-
duced by different manufacturers and
applied using the lancet recommended
by each manufacturer. The findings of
fewer positive reactions for the Dome/
Hollister-Stier (Spokane, WA) aller-
gens may thus have reflected the dif-
ferent lancet used. A second paper10

which compared the potency of con-
ventional and standardized allergens
included extracts from two different
manufacturers of conventional aller-
gens and showed that each conven-
tional allergen produced similar wheal
sizes for 7 of the 8 allergens tested.

Until recently, atopy has generally
been measured in New Zealand popu-
lation studies using the allergens and
SPT lancet produced by Bayer. For the
purposes of this study, this method will
be considered the reference against

which ALK (Allergologisk Laborato-
rium A/S, Hørsholm, Denmark) aller-
gens and the Quintest method of aller-
gen application will be evaluated.

MATERIALS AND METHODS

Study Population
Staff at local schools at the hospital in
Hawkes Bay and staff at the University
of Otago, Wellington, New Zealand
were approached and invited to un-
dergo a screening test to determine
whether they were eligible to partici-
pate in this study. Participants were
eligible if they responded positively to
a screening test of ALK or Bayer Der-
matophagoides pteronyssinus or cat al-
lergen using the Bayer prick lancet. A
positive reaction was at least one
wheal with a mean diameter of �3 mm
after 10 minutes. Of the 57 who vol-
unteered, 22 satisfied these eligibility
requirements. All participants were
aged between 24 and 60 years (mean
age 40) and 17 were female.

SPTs
For the study, the ALK allergens used
were D. pteronyssinus, D. farinae, and
Felis domesticus, all with a concentra-
tion of 10-HEP (10,000 biologic
units11). The Bayer allergens used were
D. pteronyssinus and D. farinae, each
with a concentration of 30,000 AU/
mL, and cat pelt, with a concentration
of 10,000 BAU/mL. Both Bayer and
ALK allergen extracts were standard-
ized and histamine concentrations
from both companies were 1%.

The Bayer prick lancet is a 30-mm
stainless steel disposable device with a
1-mm tip. The histamine and allergens
are placed on the skin using wooden
orange sticks and pricked through with
the lancet at a 90° angle to the skin.
The Quintest is a disposable plastic
device in which five lancets with
1.2-mm tips are mounted 3 cm apart.
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After inserting the Quintest into wells
in a tray to coat the tip of the lancets
with the histamine and allergens, the
five SPTs are performed simulta-
neously on the subject. The lancet was
applied with moderate pressure and the
Quintest with greater pressure in an
attempt to ensure that small circles re-
mained at the test site as an indication
that the correct pressure had been ap-
plied (as recommended by the manu-
facturer). Antihistamines were with-
held for at least 35 hours before skin
prick testing. All allergic subjects were
tested on the volar aspect of the fore-
arm by the same investigator with both
devices and both sets of allergens and
histamine in one session. On the left
arm the tests were performed with lan-
cets, after applying ALK allergens on
the medial side and Bayer on the lat-
eral side. On the right arm the Quintest
was used, with ALK allergens on the
lateral side and Bayer allergens on the
medial side. Allergen responses were
measured at 15 minutes and the hista-
mine control 10 minutes after applica-
tion. The wheals were outlined with a
thin felt-tip pen, and using micropore
tape, a record of the results was trans-
ferred to paper.

Measurements of the wheals were
recorded in two different ways. For
each wheal, the longest and orthogonal
diameter was measured and the mean
diameter calculated. Because of the ir-
regularity of some wheals, the area of the
wheal was also determined by scanning
the wheal outline into a computer and
calculating the enclosed area.

Statistical Analysis
SAS version 8 (SAS Institute, Cary,
NC) was used for the analysis. Most
wheal diameter or wheal area distribu-
tions were not normally or log-nor-
mally distributed. Therefore a non-
parametric test, the Wilcoxon rank
sum test, was used to test for statisti-
cally significant differences between
mean wheal diameters and between
mean wheal areas for each allergen
stratified by manufacturer and applica-
tion method. In addition, Bland and
Altman12 plots were used to show the
differences in allergen preparations
(ALK or Bayer) and devices (lancet or
Quintest) against mean wheal diame-
ters for D. pteronyssinus. For this anal-
ysis the negative control was not sub-
tracted from the allergen response,
because the purpose was to compare
responses between allergens and prick
devices and not to define atopy. Sen-
sitivity in determining atopy was cal-
culated for each combination of
method and allergen source compared
with the reference method (Bayer al-
lergens and lancets) with atopy defined
as a mean wheal diameter of 3 mm or
greater after subtraction of the negative
control. A subsequent analysis defined
atopy similarly but without the sub-
traction of the negative control.

Ethical approval was granted by the
Hawke’s Bay Ethics Committee.

RESULTS
Table 1 shows the numbers of partici-
pants who tested positive for the posi-
tive control and for allergens manufac-

tured by Bayer and ALK using the
lancet and Quintest methods of appli-
cation. The numbers of atopic partici-
pants (a positive reaction to any aller-
gen after subtraction of the negative
control) using each combination of al-
lergen source and method are also
shown. For the reference method
(Bayer allergens applied with the
Bayer lancet), of the 22 eligible sub-
jects there was one subject who was
classified as nonatopic after subtrac-
tion of the negative control. Using the
Bayer lancet and the allergens pro-
duced by ALK only 16 were defined as
atopic. Similarly, 16 were defined as
atopic when the Quintest was used to
apply the standard Bayer allergens.
The use of the Quintest device with the
ALK allergens further reduced the
number atopic to 13. Compared with
the reference method (Bayer allergens
and lancets), the sensitivity of the ALK
allergens applied with the lancet was
0.76, the sensitivity of the Quintest
using Bayer allergens was 0.76, and
the sensitivity of the Quintest using
ALK allergens was 0.62. Five respon-
dents had at least one reaction to a
negative control, and these were twice
as frequent with the Quintest than with
the lancet (8 vs 4). We also analyzed
atopy prevalence defined as at least
one positive reaction without the sub-
traction of the negative control. The
sensitivity of the Quintest, compared
with the reference method, increased
to 0.86 (19 of 22 atopic) when Bayer
allergens were used, and to 0.77 (17 of
22 atopic) when ALK allergens were
used; but there was little change in the
sensitivity of ALK allergens applied
with the lancet (0.77).

Table 2 shows the mean wheal di-
ameters, and the mean differences
(mm; 95% confidence intervals) in the
diameter of the wheal size between
ALK and Bayer allergens, and be-
tween the lancet and Quintest. There
were differences in house-dust mite
wheal size, which were dependent on
the allergen source, with these differ-
ences reaching significance for the lan-
cet method, but there were no signifi-
cant differences for the positive control
and the cat allergen. Apart from cat,

Table 1. Number of Positive Responses (�3 mm) to SPTs by Method of Application and
Manufacturer of Allergen

Lancet Quintest

Bayer
allergens

ALK
allergens

ALK
allergens

Bayer
allergens

n � 22 n � 22 n � 22 n � 22
Histamine control 22 22 11 16

D. pteronyssinus 21 16 11 16
D. farinae 19 12 5 12
Cat 11 10 7 3

Total number atopic 21 16 13 16
Sensitivity in defining atopy REF 0.76 0.62 0.76
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the Bayer allergens produced larger
mean wheals than the ALK allergens for
both methods of application. The lancet
produced significantly larger mean
wheals than the Quintest for the two dust
mite allergens and the positive control,
regardless of which company produced
the allergen. The mean wheal size
produced by the lancet tended to be ap-
proximately twice that produced by the
Quintest. The lancet also produced a sig-
nificantly larger mean wheal diameter
for the Bayer cat allergen, but the differ-
ences did not reach significance for the
ALK cat allergen.

Table 2 also shows the 95% limits of
agreement12 for each comparison. Dust
mite allergens showed a greater mag-
nitude of disagreement than the cat
allergen or the positive control. For
example, when the lancet was used and
atopy was expressed as a mean wheal
diameter, the limits of agreement be-
tween ALK and Bayer for D. pteron-
yssinus allergen ranged from �10.1 to
�4.1 compared with the narrower lim-
its of agreement between ALK and
Bayer for the positive control, from
�1.89 to �1.30.

Table 3 shows the mean differences
(95% confidence intervals) in the area

of the wheal between ALK and Bayer
allergens, and between the lancet and
the Quintest. Significant differences
were found in mean wheal area be-
tween the ALK and Bayer dust mite
allergens using the lancet. There were
no significant differences in mean area
between any ALK and Bayer allergens
when the Quintest was used. Apart
from cat, ALK allergens produced
consistently smaller wheal areas for
both the lancet and the Quintest. The
comparison between the lancet and the
Quintest showed that the lancet consis-
tently produced larger wheal areas and
this was significant for the positive con-
trol and D. pteronyssinus using ALK
allergens, and for the positive control
and the two dust mite allergens when
allergens were supplied by Bayer.

The limits of agreement in dust mite
wheal area for ALK and Bayer aller-
gens are wide if the lancet was used
but less with the Quintest (Table 3).
Similarly, there is large disagreement
between the size of the dust mite wheal
area produced by the lancet compared
with the Quintest, although this is less
for D. farinae produced by ALK.
Compared with the dust mite allergens,
the cat allergen and the positive control

showed better agreement between the
ALK and Bayer allergens and between
the two methods of application.

Bland and Altman plots (Fig 1)
show the differences in mean diameter
by the mean value of the measure-
ments for the D. pteronyssinus com-
parisons between ALK and Bayer for
each method of application (Fig 1, A
and C) and lancet and Quintest for
each manufacturer (Fig 1, B and D).
The plots comparing the lancet and the
Quintest (Fig 1, B and D) show that
most values are positive, indicating
that the lancet almost always produced
a larger reaction than the Quintest.
There was a preponderance of negative
reactions for the comparison between
ALK and Bayer allergens when the
lancet was used (Fig 1 A), indicating in
this case that the Bayer reactions are
almost always the larger. However,
with the Quintest, the scattering of the
agreement between D. pteronyssinus
Bayer and ALK allergens (Fig 1 C) is
less clearly in one direction.

DISCUSSION
Despite the frequency with which
SPTs are used to evaluate atopy in
population surveys, surprisingly we

Table 2. The Differences (mm) in Mean Wheal Diameter (95% Confidence Intervals and 95% Lower and Upper Limits of Agreement (LLA,
ULA)) between ALK and Bayer Allergens for Lancets and Quintests, and between Lancets and Quintests using ALK and Bayer Allergens

Method Allergen
Mean wheal Mean

difference
Lower
95% CI

Upper
95% CI

P value LLA ULA
ALK Bayer

Lancet �ve 4.8 5.1 �0.30 �0.66 0.06 0.20 �1.89 1.30
D. pter. 5.0 8.0 �3.00 �4.61 �1.39 �0.001 �10.10 4.10
D. farinae 2.9 6.6 �3.75 �5.33 �2.17 �0.001 �10.74 3.24
Cat 3.1 2.8 0.27 �0.30 0.85 1.00 �2.27 2.82

Quintest �ve 2.7 3.3 �0.59 �1.33 0.15 0.42 �3.87 2.69
D. pter. 2.4 3.9 �1.55 �2.68 �0.41 0.07 �6.57 3.48
D. farinae 1.6 3.3 �1.73 �3.29 �0.17 0.10 �8.62 5.16
Cat 2.1 1.1 0.98 �0.11 2.06 0.27 �3.82 5.77

Lancet Quintest
ALK �ve 4.8 2.7 2.07 1.15 2.99 �0.001 �1.99 6.13

D. pter. 5.0 2.4 2.64 1.01 4.26 0.01 �4.54 9.81
D. farinae 2.9 1.6 1.30 0.26 2.33 0.02 �3.28 5.87
Cat 3.1 2.1 1.02 0.15 1.89 0.49 �2.82 4.87

Bayer �ve 5.1 3.3 1.77 0.95 2.59 �0.001 �1.85 5.40
D. pter. 8.0 3.9 4.09 2.74 5.44 �0.001 �1.86 10.05
D. farinae 6.6 3.3 3.32 1.36 5.28 0.005 �5.36 11.99
Cat 2.8 1.1 1.73 0.64 2.82 0.04 �3.09 6.54

P values are based on Wilcoxon rank sum test.
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found no previous studies that com-
pared the independent effects of aller-
gens and prick devices on the evalua-
tion of atopy.

Previous studies have shown that
there is a tendency for the Bayer Quin-
test to elicit smaller reactions com-
pared with other devices.5–7 Our com-
parisons among a group of atopic
adults, showing that significantly
smaller wheals are produced by the
Quintest than the lancet, reinforce
these findings. However, whereas
other studies suggest that these differ-
ences have little effect on the classifi-
cation of atopy,6,7 we have shown that
in our population almost 25% of sub-
jects (5 of 21) would have been mis-
classified using the Quintest to apply
Bayer allergens.

There are a number of possible rea-
sons to explain this. The amount of
allergen deposited at the site of pene-
tration may be lower for the Quintest
than for the standard lancet technique,
or alternatively, it may be that the
outer plastic rim of the Quintest, by
producing a small indentation in the
skin, is actually constraining the size
of the subsequent wheal. The smaller
mean wheal diameters produced by the

Quintest and the lack of statistically
significant differences between the
mean diameters produced by ALK and
Bayer allergens when using the Quin-
test support the idea that the Quintest
has a constraining effect. In contrast,

we have shown that the Quintest is
twice as likely to produce a reaction to
the negative control than the lancet,
possibly because its rim causes an in-
dentation in the skin that is indistin-
guishable from a histamine reaction.

Table 3. The Differences (mm2) in Area (95% Confidence Intervals and 95% Lower and Upper Limits of Agreement (LLA, ULA)) between ALK
and Bayer Allergens for Lancets and Quintests, and Between Lancets and Quintests Using ALK and Bayer Allergens

Method Allergen
Area Mean

Difference
Lower
95% CI

Upper
95% CI

P value LLA ULA
ALK Bayer

Lancet �ve 17.7 18.0 �0.25 �4.20 3.71 0.50 �17.73 17.23
D. pter. 25.8 48.0 �22.23 �36.28 �8.17 �0.001 �84.36 39.91
D. farinae 9.2 36.3 �27.14 �41.47 �12.78 �0.001 �90.51 36.24
Cat 14.1 11.5 2.65 �1.43 6.74 0.83 �15.41 20.72

Quintest �ve 9.6 11.7 �2.07 �5.42 1.28 0.58 �16.88 12.74
D. pter. 9.0 13.7 �4.78 �9.78 0.22 0.13 �26.89 17.33
D. farinae 5.1 14.1 �8.79 �17.70 �0.26 0.15 �46.45 28.88
Cat 8.7 2.8 5.38 �0.48 12.29 0.36 �21.03 31.78

Lancet Quintest
ALK �ve 17.7 9.6 6.31 2.20 14.07 0.002 �18.12 34.39

D. pter. 25.8 9.0 16.80 �3.63 37.23 0.04 �73.52 107.12
D. farinae 9.2 5.1 3.80 �0.53 8.13 0.17 �15.33 22.94
Cat 14.1 8.7 5.33 �0.26 10.92 0.39 �19.39 30.05

Bayer �ve 18.0 11.7 6.31 1.54 11.09 0.002 �14.81 27.44
D. pter. 48.0 13.7 34.25 19.52 48.98 �0.001 �30.87 99.37
D. farinae 36.3 14.1 22.15 5.85 38.45 0.003 �49.89 94.20
Cat 11.5 2.8 8.05 1.14 14.96 0.09 �22.50 38.60

P values are based on Wilcoxon rank sum test.

Figure 1. Bland-Altman plots showing differences between allergen preparations (A and C) and
devices (B and D) against mean wheal diameters for D. pteronyssinus.
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The manufacturers recommend that the
pressure applied should produce small
wheals of approximately 4 mm in di-
ameter. This may explain the larger
number of reactions to the negative
control with the Quintest compared
with the lancet, and thus the smaller
numbers defined as atopic using the
Quintest. To evaluate the influence of
negative control reactions on the prev-
alence of atopy, a subsequent analysis
defined atopy without the subtraction
of the negative control. Differences be-
tween the Quintest and the lancet less-
ened, although the Quintest remained a
less sensitive device even though it
was applied with greater pressure than
the lancet. Further, the numbers posi-
tive to individual allergens were al-
most always lower with the Quintest
regardless of the treatment of the neg-
ative control in the definition of atopy.
Thus, our data suggest that the Quin-
test may both constrain the size of al-
lergic reactions and be responsible for
false-negative reactions.

A similar situation applies to the
different allergens produced by Bayer
and ALK, as here there seem to be
differences in the allergen preparations
themselves. For example, the Bayer cat
preparations always produced a
smaller mean reaction than the ALK
cat preparation, although this did not
usually reach significance possibly be-
cause small numbers of people were
allergic to cat. In contrast, the two
house-dust mite allergens from Bayer
consistently produced larger reactions
than the dust mite allergens from ALK.
This potential bias is a concern in New
Zealand where dust mite allergen dom-
inates the atopic profile and, thus, the
prevalence of atopy may be largely
determined by the prevalence of dust
mite allergy.

The different units that Bayer and
ALK use to express the concentration
of their extracts reflect the different
methods used to standardize extracts.11

Thus, the relative potency of their ex-
tracts is difficult to compare. Further,
the major allergen content of the ex-
tracts we used differs between manu-
facturers (personal communication
with manufacturers, July 2001). For D.

pteronyssinus, the concentration of the
major allergen, Der p 1 is reported to
be approximately 19.6 �g/mL from
ALK and 182.2 �g/mL (coefficient of
variation, 24.1%) from Bayer. The
concentration of the major allergen
from D. farinae, Der f 1, is approxi-
mately 27.6 �g/mL from ALK and
293.7 �g/mL (coefficient of variation,
23%) from Bayer. Each manufacturer
reports similar concentrations of Fel d
1: 73 �g/mL for ALK and 60 �g/mL
for Bayer. Differences in the concen-
tration of Der p 1 and Der f 1 between
manufacturers parallel the differences
in the size of SPT response to these
allergens that we found in this study.
In contrast, the differences between the
SPT response to ALK and Bayer cat
allergens were mostly nonsignificant,
reflecting the similarity of the Fel d 1
concentration in their cat extract.

The differences in SPT reactivity
that we found in this study, which were
independent of the device used, may
reflect the different concentrations of
the allergens in the extracts, and cau-
tion is needed in comparing atopy
across studies in which allergens come
from different sources.

We have shown that the Quintest
and ALK allergens will each indepen-
dently result in a lower prevalence of
atopy, compared with our usual
method (lancet with Bayer allergens).
The low sensitivity of the Quintest
used in combination with ALK aller-
gens (0.62) highlights the differences
that SPT methods can make to the
prevalence of atopy.

It is worth noting that, as we defined
our atopic population according to our
usual practice, any other method
would almost certainly underestimate
the prevalence of atopy relative to this.
However, the purpose of this study
was to determine whether the smaller
wheal sizes produced by allergens
manufactured by a different company
and the Quintest resulted in fewer peo-
ple being defined as atopic, because
this would impair our ability to make
comparisons in the prevalence of atopy
with previous New Zealand studies.

CONCLUSION
The SPT device and allergen source
may influence prevalence estimates of
atopy; thus, comparisons over time and
between place are only valid for stud-
ies that use identical methods. A fur-
ther comparison of each method
against specific immunoglobulin E
would be worthwhile.
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