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Precision of skin prick and puncture tests with

nine methods
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New devices for puncture tests have been proposed recently, but their precision by comparison
to the prick test method is poorly known. Seven puncture tests (Allerprick, Morrow Brown
standardized needle, Phazer, Pricker, Stallerpointe, Stallerkit, and Wyeth bifucated needle) were
compared with the modified prick test performed with hypodermic or intradermal needles in
eight carefully selected normal volunteers. Skin tests with histamine hydrochloride (10 mg/ml)
were only performed when there was no factor that might interfere with their interpretation. The
site of skin tests on the forearm was demonstrated not to significantly influence the reaction size.
The coefficient of variation of the tests ranged from 8.4% to 21.7%. Modified skin prick tests
are satisfactory since they are highly reproducible (coefficient of variation: 13.4% and 16.5%)
and there is no subject effect. Phazet was found to be more reproducible without subject effect.
Pricker is satisfactory since it has no subject effect and a reproducibility similar to that of
modified prick tests. Other tests are less reproducible (Stallerkit or Morrow Brown) or vary
between subjects (Allerkit, Stallerkit, Stallerpointe, and Wyeth Needle). (J ALLERGY CLIN

IMMUNOL 1991,88:758-62.)
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SPTs are among the skin test methods from which
to choose and, at least in Europe, they tend to be
preferred to intradermal test." > The modified SPT
introduced by Pepys® is the current reference method,
although the variability of this test has been demon-
strated to be greater than that of the intradermal re-
action.* * Investigators have therefore attempted dur-
ing the past 10 years to decrease the variability of
SPT by introducing puncture tests with various de-
vices. The most popular instruments are the MB stan-
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Abbreviations used
ANOVA: Analysis of variance
CV: Coefficient of variation
DF: Degree of freedom
SPT: Skin prick test
A:  Allerprick
MB: Morrow Brown standardized needle

MPT 1: Modified prick test with hypodermic
needle

MPT 2: Modified prick test with intradermal
needle

P: sterballe standardized needle (Pricker)
PH: Uncoated Phazer
SP: Stallerpointe
SK: Stallerkit
W: Wyeth bifurcated smallpox vaccination
needle

dardized needle,® the P precision needle,’ the SP,® the
A.? the Ph,'*" the Greer “pen,”"® the Multi-Test,'* '°
and the W."'¢ Opinions concerning these so-called stan-
dardized methods vary according to the skill, expe-
rience, and the preference of the investigator, as well
as the aims of the use of the skin tests. Although some
variability may be accepted for the clinical diagnosis
of allergy, skin tests must be highly reproducible for
standardization purposes or for the assessment of an-
tiallergic treatments. Some studies have been con-
ducted after a few methods, and their variability has
been demonstrated to range from 10% to 30% when
the mean wheal area was used,® * '* 72 although
Basomba et al.?! observed a much greater variability.
However, (1) except in the study of Adinoff et al.,"”
only one to three different techniques were examined,
(2) most studies compared skin test methods rather
than examining their true reproducibility, and (3) the
interpatient variability of skin tests was seldom
studied.

Since newly “standardized” skin puncture devices
are now very popular, it was important to assess their
performance in a single study. The reproducibility of
nine different methods of SPT or puncture tests was
examined in normal individuals with histamine. The
reproducibility of these methods was examined both
within and between patients.

MATERIAL AND METHODS
Subjects

Eight normal volunteers, ranging in age from 22 to 32
years, were enrolled in the study. None of the volunteers
was atopic according to the criteria defined by Pepys.* None
of these subjects was suffering from any disease that might
affect the performance of skin tests.
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Histamine reagent

Histamine hydrochloride (Pharmacia Diagnostics AB,
Uppsala, Sweden) was used. The revised Nordic Guidelines
on Standardization of Allergenic Extracts® recommends the
use of histamine hydrochloride at a strength of 10 mg/ml
(54.3 mmol/L) for standardization purposes, and as other
investigators, we used this concentration.”®*

Methods of skin test

The modified prick test was performed according to the
method of Pepys.” A small drop of each test extract was
placed on the forearm, and a needle was passed through the
drop and inserted into the epidermal surface at a low angle
with a bevel up facing away from the surface. The needle
tip was then gently lifted to elevate a small portion of the
epidermis without inducing bleeding. The test solution was
gently wiped away 1 to 2 minutes later. Two different nee-
dles were used since Pepys® suggests a hypodermic needle
(% inch, 25-gauge, MPT 1), whereas other investigators
prefer an intradermal needle (22-gauge, 1Y% inch, MPT 2).

All other devices were inserted perpendicular to the skin
through the test extract drop. The solution was wiped away
1 to 2 minutes after the test. The following devices were
used (Fig. 1): uncoated PH (Pharmacia Diagnostics, Upp-
sala, Sweden),'>'> SP (Stallergénes Laboratories, Fresnes,
France),® P (Dome-Hollister-Stier, Paris, France),” W,* A
(Hall Allergenen Laboratories, Haarlem, The Netherlands),’
MB,* and SK (Stallergénes Laboratories). This device was
based on the Multi Test (Lincoln Diagnostics, Miami,
Fla.)"*'* but used single 1 mm long plastic pins.

Tests

The entire study was performed by the same well-trained
investigator between 9 aM and 12 pM hours to avoid cir-
cadian variations.” None of the patients was taking any
drug that might interfere with skin test.™ Skin tests were
performed on the volar surface of the forearm in octuplicate
with each technique, the test sites being placed 3 cm apart,
as suggested by Pepys.® This distance might not be suffi-
cient, because Terho et al.”* observed that histamine may
cause false positive reactions when tests are placed 3 to
4 cm apart. We attempted to confirm this finding, but with
other investigators,”> * we were unable to find any effect
of histamine at this close distance. Since there might be
differences in skin reactivity between the medial and the
ulnar sides of the forearm,* ** the techniques were per-
formed in random order. The wheal reaction was recorded
after 10 minutes by means of the cellophane tape technique,
and mean diameters were averaged. Since it is impossible
to perform nine octuplicate tests in the same patient the
same day, we performed two testing sessions 1 week apart.
To avoid possible differences, the techniques were done in
random order, and for each session, the reference test, that
is, MPT 1, was repeated.

Statistical analysis

The reproducibility (CV = SD/arithmetic mean X
100) was calculated for each octuplicate series and for each
device by averaging the means of the octuplicates of the
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FIG. 1. Description of the standardized SPT needles.

eight subjects. Low values of the CV represent a high re-
producibility and vice versa.

Statistical analysis was performed by use of ANOVA and
nonparametric tests with BMDP Statistical Software, Inc.
(University of California-Los Angeles). Since some studies
have indicated differences in wheal sizes according to the
site of skin testing on the forearm, we tested this possibility
by use of one-way ANOVA. The effects of the skin tests,
subjects, and of their interaction were analyzed by two-way
ANOVA with the following formula:

Ezijk = (Xijk - Mij)2

where the subject is j, skin test is i, point is k, X equals the
value, and M equals arithmetic mean for the 8 points.

The comparison of means of E* between subjects for each
test or between tests for each subject was done with the
Kruskal-Wallis test. Finally, the relative difference between
skin tests was studied by the Kruskal-Wallis test with the
following formula: Relative difference between skin
tests = E?/M2,

For the comparison of the reproducibility between the
tests, we selected a reference test, that is MPT 1, and tested
the statistical differences by ANOVA between all other tests
and the reference test. When F was >3.50, the reprodu-
cibility was considered to be significantly different from the
reference test.

RESULTS
Effects of test sites

There was no significant difference between test
sites on the forearm (DF, 7; F, 0.67).

Effects of testing sessions

There was no significant difference in MPT 1 re-
producibility performed during two sessions (DF, 7;
F, 0.55). Moreover, there was no difference between
mean sizes of the tests.

Mean wheal sizes induced by
different techniques

The mean wheal sizes are presented in Table I that
were induced by the different methods used. P induced
bleeding in all test sites, and metallic devices elicited
the largest wheals, whereas the plastic devices with a
small pin (SP and MB) or MPT never induced bleeding
and elicited the smallest wheals.

Reproducibility of skin tests

The results of the reproducibility of the nine tech-
niques of skin tests are presented in Table I. The CVs
range from 8.4% to 21.7%. The CVs of MPT 1 and
MPT 2 were not very different. Two devices presented
alower CV than MPT (PH and SP), three other devices
had a similar CV (P, A, and W), whereas the two
remaining devices had a high CV (MB and SK). SK
was the only test method that had a reproducibility
significantly different from the reference test.

The overall difference between skin tests was sig-
nificant (DF, 8; F, 3.05; p < 0.0023) as well as the
interaction between skin tests and subjects (DF, 56;
F, 1.88; p < 0.0002) but differences between subjects
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TABLE I. Resuits of skin tests
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Rank in relative

Skin test Mean size (mm) CV% difference Subject interaction
PH 5.31 £ 0.6 84 + 1.7 1 No
Sp 405 = 1.0 8.9 x 2.8 2 Yes
A 4.63 = 0.7 13.3 = 6.1 3 Yes
MPT 2 3.7 = 0.7 16.5 = 5.2 4 No
W 436 £ 0.8 14.7 £ 3.9 5 Yes
P 497 = 0.5 12.3 £ 3.7 6 No
MPT 1 3.55 = 0.7 134 £ 5.6 7 No
SK 421 = 0.6 21.7 = 149 8 Yes
MB 3.82 + 0.3 20.8 £ 6.8 9 No

Results listed in mean = SD.

were not significantly different (DF, 7; F, 1.85; not
significant). By Kruskal-Wallis test, results of some
skin test devices were significantly different according
to the subjects tested: A, p <0.0067; W,
p < 0.0054; SP, p < 0.006; and SK, p < 0.0012;
whereas no significant subject effect was observed for
the other skin test methods.

The relative difference between skin tests demon-
strated a rank order of reproducibility (Table I) slightly
different from the results obtained by CVs. However,
the same patterns were observed. PH and SP are the
most reproducible tests, A, MPT 1, MPT 2, W, and
P are in the same range, and SK and MB are the less
reproducible tests.

DISCUSSION

The techniques used in this study are simple and
widely used. Normal volunteers were carefully se-
lected, and skin tests were only performed when there
was no factor that might interfere with their interpre-
tation. The site of skin tests on the forearm was dem-
onstrated not to influence, significantly, the reaction
size. It was also found that when MPT 1 was repeated
at weekly intervals, there was no difference in re-
producibility; therefore, comparisons of reproduci-
bility between different devices can be performed with
two testing sessions when they are performed care-
fully. Although all tests might have been done in one
session on the back, we preferred to use the forearm,
since there is more variability in the back and since
most doctors use the forearm in their clinic. The MPT
appears to be satisfactory since it is highly reproduc-
ible and there is no subject effect. PH was found to
be more reproducible without subject effect. P is sat-
isfactory since it has no subject effect and a repro-
ducibility similar to that of MPT. Other tests are not
as reproducible (SK and MB) or vary between subjects
(SP, A, W, and SK).

In Europe, many, if not most, common allergens,
are standardized, and the reference material is either
histamine, 54.3 mmol/L, or codeine phosphate, 9%,
representing a similar standardization method. Thus,
most allergen-induced SPTs are ranging between 4 to
6 mm, the reason we have deliberately chosen the
concentration of histamine 54.3 mmol/L.

The mean size of skin tests was larger with metallic
devices (P, PH, and W) than with plastic devices (SP
and MB) except for A that had a longer pin. Most
metallic devices induced bleeding, revealing that they
penetrate deeper into the skin. MPT performed with
two needles induced wheals of similar sizes. The mean
size of wheals elicited by MPT and plastic devices
were the smallest. These findings should be taken into
consideration when the positivity of skin tests is based
on their wheal size only.

The results observed in this study demonstrate that
prick or puncture tests performed by a well-trained
investigator are highly reproducible with most tech-
niques used, since CV ranged from 8 4% to 21.7%.

The newly developed techniques usually compare
favorably with the MPT proposed by Pepys,* and the
results of this study confirm previous data.* Since all
the tested techniques have a CV <30%, they can be
used in clinical practice, the choice being made de-
pending on the preference of the clinician and their
relative cost. However, the skill of the investigators
is of importance, and we did not test in the present
study this parameter; thus, results might have been
different if investigators of different skills had been
performing the study. This study demonstrates
also that prick or puncture tests can be used for stan-
dardization purposes or drug trials as already pro-
posed,>*" but for this purpose, PH and both MPT are
the optimal methods, since they have a low CV and
are not variable between subjects.

*References 3, 5, 6, 10, 13, 17. 18, 20, and Z1.
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