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Reproducibility of Skin Sensitivity Using
a Quantitative Skin Prick Test
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The reproducibility of repeated quantitative skin prick test titrations was evaluated in
seven asthmatic patients tested 2-4 times within 6 weeks. The skin sensitivity was
estimated as endpoint titration and histamine equivalent reaetion using both 1 and 10
mg/ml histamine dihydrochloride. The histamine equivalent reaction had a significantly
higher reproducibility compared to endpoint titration, with a coefficient of variation less
than 10 % for histamine 10 mg/ml. Further, using this histamine concentration, the
deviation in repeated testing was for practical purposes less than 0.5 log step. The same
constancy in skin sensitivity was found in one patient tested 3 times and then retested
another 3 times 6 months later by a different tester. The results indicate that the
quantitative skin prick test and histamine-estimated skin sensitivity have a clinical
application in the assessment of pharmacologically or immunotherapy-induced changes
in the releasability of skin mast cells.
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The value of skin testing in the diagnosis of
allergy has been documented in several studies
(3, 9, 10, 18). Immunotherapy initiates changes
in some biological parameters including specific
IgE and IgG. That there are conflicting data on
changes in skin test sensitivity (4, 6, 11, 16)
may partly be due to the reproducibility of the
skin test.

Skin test sensitivity can be stated as either
endpoint or histamine equivalent reaction (1,
8, 10). Titrated skin tests (quantitative skin
test) seem superior to testing with only one
concentration of allergen extract (8, 15). Re-
cently, the reproducibility of quantitative skin
tests has been documented with the reservation
that only tests with a high correlation coeffici-
ent and a low variation coefficient are accept-
able (8, 15).

The reproducibility of skin sensitivity has
been evaluated in only few studies, none using
the quantitative skin test. The present study is

an evaluation of the constancy of skin sensitivity
estimated by endpoint titration and histamine
equivalent reaction with repeated tests over a
period of time.

MATERIAL AND METHODS

Patients

Seven adult asthmatics allergic to mould
allergens were tested (5 females and 2 males,
median age 27 years, range 19-33). The
diagnosis of mould allergy was based on histo-
ry, skin prick test (SPT), RAST and bronchial
challenge. All patients were tested outside the
Scandinavian mould season and none was
treated with drugs which are recognized to
interfer with SPT results. Informed consent was
obtained and the study was approved by the
local Ethics Committee.
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Fig. 1. Deviation of the skin sensitivity of repeated tests from
the one with the lowest numeric value. Skin sensitivity is
estimated as endpoint = diluent equivalent reaction (SSD),
histamine equivalent reaetion (SSHj and SSHjg) using
histamine dihydrochloride 1 and 10 mg/ml respectively.

Test extracts

Standardized pardy purified lyophilized aller-
gen preparations of Cladosporium and Alternaria
(Pharmalgen®/Spectralgen®, Pharmacia, Upp-
sala, Sweden) reconstituted in HSA buffer were
used. Reconstitution and dilution were perfor-
med on the day of SPT, and the same batch
was used for all tests. Histamine dihydrochlori-
de 1 and 10 mg/ml and HSA buffer were used
as positive and negative reference.

Skin test procedure

Skin prick tests were performed as previously
described (7, 8). In short, quadriplicate deter-
minations of a minimum of four 10-fold
allergen dilutions (10-100,000 BU/ml), his-
tamine dihydrochloride 1 and 10 mg/ml and
HSA buffer were performed on the patients'
forearms. A 1 mm SPT-needle (Allergy Pricker,

Dome/Hollister-Stier) was introduced through
the extract drop at a right angle and then
removed. The skin reactions were recorded at
maximum size and the area calculated by
planimetry (13). The mean wheal area was
plotted as a function of the allergen con-
centration in a log-log system and linear regres-
sion was performed. Tests with a correlation
coefficient of < 0.9 were regarded as invalid.
The allergen concentration eliciting a wheal
equal to the one produced by HSA buffer,
histamine dihydrochloride 1 and 10 mg/ml was
interpolated from the regression line and
termed skin sensitivity (skin sensitivity diluent
= endpoint titration (SSD), skin sensitivity
histamine 1 and 10 mg/ml (SSH, and SSH,,,),
respectively). The reproducibility of individual
test sessions was as previously reported (8).

Study design

Patients were retested 2-4 times over a period
of 6 weeks with at least a 1-week free interval.
All tests were performed by the author except in
one patient who was retested three times 6
months later by a nurse.

Statistics

The reproducibility was evaluated as coefficient
of variation (SD% = SD/mean area x 100).

Non-parametric statistics were applied to
evaluate differences in the reproducibility and
deviations of sensitivity in the three ways of
estimating skin sensitivity (Wilcoxon's signed
rank test).

RESULTS

The differences between the numeric least
sensitive skin test and the other tests performed
on the same patient are evident from Fig. 1.
The median deviation is 0.9 log step using
endpoint titration (SSD), 0.28 using histamine
1 mg/ml (SSHj) and 0.19 using histamine 10
mg/ml (SSH,o). The difference between SSD
and SSH, or SSH,o is significant (P < 0.01),
which is not the case concerning the histamine
equivalent reactions. Deviations between indi-
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Fig. 2. The reproducibility of skin sensitivity and wheal area
in repeated tests on seven patients. The reproducibility is
calculated as coefficient of variation (SD % = SD/mean x
100). SSD, SSH, and SSH,,, as in Fig. 1. H, and H,o
represent histamine dihydrochloride 1 and 10 mg/ml. 100
and 100,000 are the allergen concentrations in BU/ml.

vidual values > 0.5 log step were found in 53 %
of the tests using SSD (8/15), 27 % using SSH,
(4/15) and 13% using SSH,,, (2/15).

Fig. 2 gives the reproducibility of repeated
estimates of skin sensitivity stated as coefficient
of variation (SD%) using SSD, SSH,, and
SSH,,,, as well as wheal areas elicited by
histamine 1 and 10 mg/ml and allergen con-
centradons 100 and 100,000 BU/ml. A signifi-
cantly higher reproducibility (lower SD%) of
SSH, and SSH,o compared with SSD was found
(P < 0.02). The difference between SSH, and
SSH,5 was not significant and neither was the
reproducibility of the wheal areas.

The constancy of three successive tests
repeated after an interval of 6 months by two
different testers is shown in Fig. 3. Except for
one test using SSH, the skin sensitivity deviates
less than 0.5 log step. Using endpoint sen-
sitivity the deviations were approximately 3 log
steps (data not shown).
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Fig. 3. Skin sensitivity estimated by histamine
dihydrochloride 1 and 10 mg/ml in three tests performed by
two testers at an interval of 6 months. A represents SSH,
and X SSH,o.

DISCUSSION

The value of using skin sensitivity as a para-
meter of pharmacologically or immunotherapy
induced changes in skin response depends on
the reproducibility of the tests. The repro-
ducibility of repeated SPT using histamine has
been documented in several studies (2, 12, 14).
Decrease in skin sensitivity to allergen extracts
initiated by immunotherapy has been reported
by many authors (4, 5, 17), but only one study
(11) has reported on the reproducibility of
repeated tests in untreated patients, using a test
less sensitive than the quantitative skin test.

The present study shows that the use of
titrated skin test and the histamine equivalent
reaction as an estimate of skin sensitivity results
in a high reproducibility (Fig. 2), and, further-
more, with histamine dihydrochloride 10 mg/ml
the results for all practical purposes deviate no
more than 0.5 log step in repeated tests (Fig. 1).
The coefficient of variation is less than 10 % for
all tests, probably due to the high repro-
ducibility of invididual tests (8). More than
70 % of the tests with SSH, showed a sensitivity
deviation of less than 0.5 log step, in contrast to
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the endpoint sensitivity which, in over half of
the tests, had deviations exceeding 0.5 log step.
The results raise doubts about the value of
studies showing immunotherapy-induced reduc-
tion of skin sensitivity evaluated by endpoint
dtradon (4, 5).

The high reproducibility of the histamine
equivalent skin sensitivity does not appear to be
refiected in the reproducibility of repeated
allergen- or histamine-induced wheal areas
(Fig. 2). The reproducibility of repeated tests
with histamine, however, is in accordance with
previously reported studies (14). The wheal
area of both histamine- and allergen-induced
skin tests depends on the technical performance
of the SPT and especially on the force used to
penetrate the dermis. In spite of long experi-
ence in performing SPT, the technique will
inevitably vary slightly from day to day.
However, as is evident from the high repro-
ducibility of skin sensitivity, the wheal areas of
both the histamine and allergen reactions
change in parallel, i.e. changes in the allergen
wheals due to technical variadon are accom-
panied by corresponding change in histamine
wheals. This contrasts with endpoint titration,
which only depends on the allergen-induced
wheal reaction. As seen in Fig. 2, the small
allergen reactions {in casu 100 BU/ml) are
difficult to reproduce (SD % 0-70%). Minimal
changes in the pressure used in SPT result in
variations of the endpoint over several log steps.
The problems involved in reproducing endpoint
titration have recendy been discussed (8).

Furthermore, the study reveals a high degree
of constancy in the histamine-esdmated skin
sensitivity performed by two different testers
(Fig, 3). The absolute wheal areas obtained by
the two testers differed considerably due to
differences in technical performance, but, as
earlier discussed, this does not change the skin
sensitivity. If endpoint had been used, the
differences might have been interpreted as a
result of therapy-induced changes.

In summary, quandtative skin tests using the
histamine equivalent reacdon to estimate skin
sensitivity show a high reproducibility. This
was especially the case with histamine dihydro-
chloride 10 mg/ml. Changes exceeding 0.5 log

step are, probably, real providing the repro-
ducibility of the individual tests is high. In
addition, skin sensitivity, as evaluated by dif-
ferent testers, appears to be a relatively constant
parameter, though the low reproducibility of
endpoint titration reduces the clinical value.
When using the highly reproducible histamine
equivalent sensitivity, quantitative SPT might
be valuable for assessing changes in skin mast
cell-mediator releasability induced by immuno-
therapy or drugs.

ACKNOWLEDGEMENTS

Allergen extracts, histamine and diluents were kindly
supplied by Pharmacia, Uppsala, Sweden. The study was
supported by grants from Fortsasttelsessygekassen Danmarks
Sundhedsfond.

REFERENCES

1. Aas, K., Backman, A., Belin, L. & Weeke, B.:
Standardization of allergen extracts with appropriate
methods. Allergy 33, 130-137, 1978.

2. Aas, K.: Some variables in skin prick testing. Allergy
35, 250-252, 1980.

3. Belin, L. G. & Norman, P. S.: Diagnostic tests in the
skin and serum of workers sensitized to Bacillus subtilis
enzymes. Clin. Allergy 7, 55-68, 1977.

4. Berg, T., Nordvall, S. L. & Lanner, A.: Clinical studies
of a purified timothy pollen extract. Desensitization
therapy with a purified timothy pollen preparation
compared to a crude timothy pollen extract. I. Results
of tests in vivo. Int. Arch. Allergy Appl. Immunol. 63,
266-274, 1980.

5. Frostad, A. B., Grimmer, 0 . , Sandvik, L. & Aas, K.:
Hyposensitization. Comparing a purified (refined)
allergen preparation and a crude aqueous extract from
timothy pollen. Allergy 35, 81-95, 1980.

6. Kjellman, N.-I. M. & Lanner, A.: Hyposensitization in
childhood hay fever. A comparison of refined and whole
timothy extracts. Allergy 35, 323-334, 1980.

7. Mailing, H.-J.: Skin prick testing and the use of
histamine references. Allergy 39, 596-601, 1984.

8. Malling, H.-J.: Diagnosis and immunotherapy of
mould allergy. IL Reproducibility and relationship
between skin sensitivity estimated by endpoint titration
and histamine equivalent reaction using skin prick test
and intradermal test. Allergy 40, 354-362, 1985.

9. Miyamoto, T., Akiyama, K., Ohta, K., Urata, C. &
Horiuchi, Y.: Studies in atopic asthma with emphasis
on correlation among various tests and various anti-
bodies. J. Allergy Clin. Immunol. 67, 279-284, 1981.

10. Nelson, H. S.: Diagnostic procedures in allergy. I.
Allergy skin testing. Ann. Allergy 541, 411-417, 1983.



404 H.-J. MALLING

11. Spreacace, G. A., Pomper, S. G., Sherman, W. B.,
Lemlich, A. & Ziffer, H.: The effect of antigen
injections on skin reactivity to antigens. J. Allergy 38,
9-25, 1966.

12. Sullivan, T. J.: Pharmacologic modulation of the
whealing response to histamine in human skin: identi-
fication of doxepin as a potent in vivo inhibitor. J.
Allergy Clin. Immunol. 69, 260-267, 1982.

13. Sussman, G. L., Harvey, R. P. & Schocket, A. L.:
Evaluation of skin test response using two techniques of
measurement. Ann. Allergy 48, 75-77, 1982.

14. Taudorf, E., Mailing, H.-J., Laursen, L. C , Lanner,
A. & Weeke, B.: Reproducibility of histamine skin prick
test. Inter- and intravariation using histamine
dihydrochloride 1, 5, and 10 mg/ml. Allergy 40, 344-
349, 1985.

15. Turkeltaub, P. C , Rastogi, S. C , Baer, H., Anderson,
M. C. & Norman, P. S.: A standardized quantitative
skin test assay of allergen potency and stability: Studies
on the allergen dose-response curve and effect of wheal.

erythema, and patient selection on assay results. J.
Allergy Clin. Immunol. 70, 343-352, 1982.

16. van der Zwan, G., Flinterman, J., Jankowski, I. G. &
Kerckhaert, J. A. M.: Hyposensitisation to wasp venom
in six hours. Br. Med. J. 287, 1329-1331, 1983.

17. Voorhorst, R. & van der Hooft-van Asbeck, M. C :
Atopic skin test re-evaluated. VIII. Decrease in skin
sensitivity of hay fever patients due to desensitization.
Ann. Allergy 44, 181-185, 1980.

18. 0sterballe, O., Mailing, H.-J. & Weeke, B.: Specific
diagnosis of exogenous bronchial asthma in adults.
Allergy 34, 175-185, 1979.

Address:
H.-J. Mailing, M.D.
Medical Dept. TA 7511
Rigshospitalet
Tagensvej 20
DK-2200 Copenhagen N
Denmark




