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Reproducibility of the skin prick test 
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Reproducibility of the skin prick method of testing for allergy was studied in 20 subjects 
examined by four nurses. Hypodermic needles were used for pricking and the test panel 
included a histamine control, a diluent control, and nine allergens. The reproducibility of 
the method was best when the size of the weal reaction caused by an allergen was 
expressed as the geometric area of the weal. When the weal reaction was expressed as the 
ratio of the weal reaction caused by an allergen to that caused by histamine, the 
reproducibility of the method was decreased considerably. When the ratios were further 
classified into three class ratings, reproducibility was very low. The reduction in 
reproducibility was due to the low reproducibility of histamine reactions. According to 
these results, at least in epidemiological studies the weal reactions should be expressed as 
geometric areas. In clinical practice it might also be preferable to express prick test 
results as the diameters of the weals without adjusting them by histamine reactions. 
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The prick test is a common skin test method 
used for investigating the aetiology of immedi- 
ate (Type I) allergies (18). This method has also 
been used in epidemiological studies to identify 
atopic subjects (2). Usually such tests have been 
performed with hypodermic needles (18), but 
recently the needles have often been replaced by 
prick test lancets (17). In clinical use in Scandi- 
navia, the result of prick test is usually ex- 
pressed as a ratio of the weal area produced by 
an allergen and the weal area produced by a 
histamine control (1). Outside Scandinavia and 
in many epidemiological studies the results have 
often been expressed, without reference to his- 
tamine control, as dichotomous (positivehega- 
tive) variables. Reactions with weal diameters 
of 3 mm or more are considered to be positive 
(4, 5-10). Despite the wide use of prick tests, 
studies of the reproducibility of this method are 
rare (3, 15, 20). The purpose of this study, 

which was carried out in conjunction with a 
large population study, was to investigate the 
reproducibility of the prick test method. 

SUBJECTS AND METHODS 

A random sample of 2584 subjects from two 
geographical areas in Finland were selected in 
1980 for an epidemiological study designed to 
investigate the occurrence of allergy to fodder 
yeast (16). Of this group, 10 symptomatic sub- 
jects (asthma or periodic wheeze, atopic der- 
matitis, allergic conjunctivitis, or hay fever or 
other allergic rhinitis) and 10 asymptomatic 
subjects were randomly selected and invited to 
participate in this study of the reproducibility of 
the skin prick test method. 

The prick tests were made by four specially 
trained nurses. O n  the same occasion each 
nurse tested the same subject on different sites 
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of the forearms. The order of subjects, the 
order of testing nurses, the order of test solu- 
tions in the test panel, the order of testing sites 
of subjects (right or left forearm, radial or ulnar 
side), and the order of reading were rando- 
mized. Allergic state of the subject and the 
contents of the test solutions were unknown to 
the nurses. Each nurse made a total of 220 
pricks and read 880 weals. 

The antigen panel included 1 mg/ml hista- 
mine, glycerol-buffer diluent of the allergens, 
Candida albicans (5 %), non-dialysed preparation 
of fodder yeast (20%), dialysed preparation of 
fodder yeast (20%),  Candida utilis (lo%), Ben- 
card's fodder yeast preparation (lo%), the 
house dust mite Dermatophagoides pteronyssinus (1 
HEP), dog dander and hair (1 HEP), mugwort 
(Arternisia vulp-aris) pollen (1 HEP), and timothy 
(Phleum pratense) pollen (1 HEP). The fodder 
yeast preparations (except for that prepared by 
Bencard) and Candida utilis (pure culture of 
fodder yeast) were prepared at the Department 
of Medical Microbiology, University of Turku. 
The principles of the preparation procedure 
have been described elsewhere (16, 21). Candida 
albicans, house dust mite, dog dander and hair, 
and pollen allergens as well as histamine and 
diluent control were commercial preparations 
(Soluprick@) made by Allergologisk Laboratori- 
um A/S, Copenhagen. The same batches of test 
solutions were used throughout the study. 

Hypodermic needles (25 G) were used for 
skin pricking. The needle was introduced 
through the drop of the test solution at 45" 
angle to the skin. The skin was pricked by 
elevating the skin slightly with the sharp point 
of the needle. The weal reactions were recorded 
15-20 min later in the same order as the prick- 
ing had occurred, by drawing the outlines of the 
weals with an ink drawing pen. Each nurse 
recorded only the weal reactions resulting from 
her own pricking. The outlines of the weals 
were transferred to the study forms with trans- 
parent tape. One month later the sizes of all 
weals were read from the forms by the same 
nurses without knowledge of the pricker. The 
measurements of the weal diameters were done 
according to the Nordic recommendations. Skin 
test planimeter was not available for the study. 

The size of the weal was expressed in four 
different ways depending on the type of analy- 
sis: 1) as the geometric area of a circle defined 
by n x r2, where r was estimated by dividing 
the sum of the greatest diameter of the weal and 
the diameter perpendicular to it by 4, 2) as the 
geometric area of a square defined by the prod- 
uct of the two above mentioned diameters, 3) as 
corrected area by dividing the area of the weal 
produced by an allergen with that produced by 
histamine, both reduced by the area of the weal 
produced by a diluent control (Adergen - 
Adil"ent/Ah,sramme - Adiluent), and 4) as a three-class 

Table 1 

Mean areas* (fSD) of weal reactions to test solutions according to the type of test solution and the nurse who made and read 
the test ( n  = 20 tested subjects, 80 reactions per test solution) 

Test solution Nurse 1 Nurse 2 Nurse 3 Nurse 4 

Histamine 
Control solution 
Timothy pollen 
Mugwort pollen 
Dog dander and hair 
Dennatophagoides pteronyssinus 
Candida albicans 
Candida utillr 
Bencard's fodder yeast 
Dialysed fodder yeast 
Non-dialysed fodder yeast 
All solutions 

11.7 ( 9.6) 
0.1 ( 0.4) 
2.1 ( 6.2) 
7.7 (11.4) 

1.7  ( 3.2) 
2.6 ( 4.6) 
3.0 ( 4.3) 
2.4 ( 4.4) 
2.8 ( 5.5) 
7.0 (12.8) 
3.8 ( 6.1) 

1.5 ( 4.4) 

9.7 ( 9.4) 
0.4 ( 0.6) 
2.5 ( 6.2) 
4.8 ( 7.3) 
1.1 ( 2.9) 

3.0 ( 4.5) 
3.5 ( 4.2) 
4.0 ( 7.2) 
3.2 ( 6.4) 
4.0 ( 6.4) 

2.2 ( 3.5) 

3.5 ( 5.3) 

12.9 ( 8.1) 
0.2 ( 0.4) 
4.7 (13.4) 
7.4 (12.5) 
3.0 ( 7.9) 
1.6 ( 2.0) 
3.4 ( 5.6) 
3.0 ( 6.5) 
5.1 ( 8.4) 
3.0 ( 4.4) 
3.8 ( 6.8) 
4.4 ( 6.9) 

14.5 ( 4.9) 
0.2 ( 0.5) 
5.2 (13.5) 
9.1 (13.9) 
2.5 ( 7.3) 
2.8 ( 5.1) 
3.4 ( 4.2) 
7.3 (14.3) 
5.1 ( 7.8) 

10.8 (26.2) 
6.2 (11.1) 
6.1 ( 9.9) 

'Area: n: x r2, where r = (diameter 1 + diameter 2)/4 
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Table 2 

Mean areas* of weal reactions to 11 test solutions according to 
the nurse who made the test and the nurse who read the test 

~ ~~ ~~ 

Reader' 

Pricker' Nurse 1 Nurse 2 Nurse 3 Nurse 4 
(880) (880) (880) (880) 

Nurse 1 (220) 4.9 4.5 5.3 5.6 
Nurse 2 (220) 4.2 4.2 4.7 6.6 
Nurse 3 (220) 4.3 5.3 5.4 5.8 
Nurse 4 (220) 6.8 6.8 7.3 7.5 

'Area: Diameter 1 x Diameter 2. '(No. of tests made). 
'(No. of tests read). 

( - / + I +  + )  corrected area rating, where - = 

corrected area 5 0.24 (no reaction), + = cor- 
rected area 0.25-0.74 (mild reaction), and + + 
= corrected area 2 0.75 (strong reaction). 

The differences between the four nurses' 
measurements of the areas of the weal reactions 
produced by the 11 test solutions were analysed 
by one-way ANOVA (11) .  The variation of 
weal reactions to various test solutions (n = 1 i), 
the variation of weal reactions to various test 
solutions according to the nurse (n = 4), and the 
variation of the weal reactions according to 
ways (n = 3) of expressing the size of the weal 
reaction were examined by variation coeffi- 
cients (17). Estimations of standard errors of 
variation coefficients were not computed since it 
was not considered necessary to test the statisti- 
cal significance of differences between various 
coefficients of variation. 

The relationships between weal reactions to 
various test solutions were analysed by correla- 
tion analysis (12). The categorized ratings given 
by different nurses were compared by non- 
parametric tests of equal ratings (19). The re- 
producibility of weal reactions expressed as con- 
tinuous variables (geometric areas) was ana- 
lysed between the nurses by intraclass 
correlations (9, 2 2 ) ,  and the reproducibility of 
the weal reactions expressed as categorized rat- 
ings was analysed by kappa coefficients (6, 8). 
In addition, confidence intervals (7) were esti- 
mated for the areas and the mean diameters of 
the weal reactions with respect to concordant 
(positive and negative) and disconcordant (posi- 
tive or negative) categorized ratings. 

RESULTS 

When the same nurse both made the prick and 
read the reaction, and the size of the weal 
rcaction was expressed as the geometric area or 
a circle, the mean sizes of the weal reactions did 
not differ statistically significantly between 
nurses for any of the test solutions. The mean 
area (all nurses) of the weal reactions was 
largest for histamine and smallest for the di- 
luent control. Of the allergen solutions, mug- 
wort pollen caused the largest mean weal reac- 
tion (Table 1). 

The sizes of the weal reactions varied slightly 
according to which nurse read the diameters 
and clearly differed according to which nurse 
made the pricks (Table 2). In this analysis, for 
practical reasons, the size of a weal reaction was 
expressed as the product of the two perpendic- 
ular diameters of the weal (geometric area of a 
square). 

In variation coefficients of weal reactions to 
different test solutions, the differences between 
nurses were rather small. Some of the most 
representative variation profiles are shown in 
Table 3. The variation coefficient of the weal 
area for histamine was less than half that for 
individual allergens; but of all active test solu- 
tions, the relative difference between nurses was 
largest for the variation coefficients for hista- 
mine. Apart from reactions to control solution, 
the largest variation between nurses was for 

Table 3 

Variation coefficients* of the areas of weal reactions to test 
solutions according to the type of test solution and the nurse 
who made and read the test (n = 20 tested subjects, 80 reac- 

tions per test solution) 
~ ~ ~~ 

Nurse Nurse Nurse Nurse 
1 2 3 4  

Test solution 

Histamine 0.82 0.97 0.63 0.34 
Control solution 4.00 1.50 2.00 2.50 

Dog dander and hair 2.93 2.64 2.63 2.92 
Dmutophqoides pleronyssinw 1.88 1.59 1.25 1.82 
Dialysed fodder yeast 1.96 2.00 1.47 2.43 

Timothy pollen 2.95 2.48 2.85 2.60 

* Standard deviation of the arealMean of the area; where 
area: Diameter 1 x Diameter 2. 
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Table 4 

Variation coefficients* of the areas of weal reactions to test 
solutions according to the type of test solution and the type of 
grading (n = 20 tested subjects, 80 reactions per test solution) 

Test solution 
Grading 

Uncorrected' Corrected' 

Histamine 
Control solution 
Timothy pollen 
Mugwort pollen 
Dog dander and hair 
Dmatophagoides pteronyssinus 
Candida albicans 
Candida utilis 
Bencard's fodder yeast 
Dialysed fodder yeast 
Non-dialysed fodder yeast 

0.67 
2.50 
2.89 
1.56 
2.95 
1.71 
1.52 
2.00 
1.69 
2.88 
1.81 

1.46 
1.03 
0.72 
0.96 
0.86 
1 .oo 
1.24 
1.23 
1.09 

'area: 
'area: (allergen diameter 1 x allergen diameter 2)- 

x r', where r = (diameter 1 + diameter 2)/4. 

(control diameter 1 x control diameter 2)/ 
(histamine diameter 1 x histamine diameter 2)- 
(control diameter 1 x control diameter 2). 

*Standard deviation of the aredMean of the area. 

correlation coefficients of weal reactions to dia- 
lysed fodder yeast. 

According to correlation analysis, the weal 
reactions were highly significantly correlated to 
the various allergens, especially to different 
preparations of fodder yeast. Correlations be- 
tween weal reactions to histamine and those to 
other solutions were weak. 

Next, the size of the weal reaction to allergen 
was expressed as the geometric area of a square 
and divided by that to histamine, both being 
reduced by the area of the weal reaction to the 
diluent control (corrected area). Now the varia- 
tion coefficients for areas of the weals produced 
by nine allergens were reduced to half of those 
computed based only on the size of the weal 
reaction expressed as the geometric area of a 
circle (Table 4). This reduction was due to the 
difference between the variation coefficients of 
the areas of histamine and allergens. 

When the weal reactions to allergens ex- 
pressed as corrected areas were categorized into 
three class ratings, the distribution of subjects 
according to reactions to different allergens dif- 
fered considerably, depending on which nurse 

had made the prick test. The differences were 
greatest for differentiation between negative 
and mild positive reactions. Concordant nega- 
tive ratings between the four nurses were found 
in 5 % , concordant any positive ratings in 29 %, 
and disconcordant ratings in 66% of the aller- 
gen tests. The 95% confidence interval for the 
diameter of the weal reaction in concordant 
negative ratings was less than 2 mm, in discon- 
cordant ratings 2-3 mm, and in concordant 
positive ratings more than 3 mrn. 

Reproducibility of the prick test method 
was greatest when weal reactions were ex- 
pressed as geometric areas on a continuous 
scale (Table 5). Among the lowest reproduc- 
ibility coefficients were those for histamine 
and the diluent control. Reproducibility de- 
creased when weal area was compared with 
that for histamine and corrected for the weal 
area of the diluent control (corrected area). 
When the corrected weal reactions were ex- 
pressed as categorized ratings, the reproduc- 
ibility of the corrected ratings was further 
decreased to less than half that for geometric 
area. 

DISCUSSION 

As expected, histamine solution produced the 
largest mean weal reactions, since half of the 
subjects were asymptomatic. These reactions 
did not correlate with those produced by differ- 
ent allergens. Furthermore, although among 
the 20 subjects the variation coefficient for the 
weal reaction to histamine was small, the rela- 
tive difference between nurses in the variation 
coefficient for histamine, as well as that for 
diluent control, was great. The reproducibility 
of pricking with histamine was lower than that 
for pricking with allergens. Consequently, if the 
size of the weal reaction is expressed according 
to current Scandinavian practice ( 1 )  by cornpar- 
ing the weal reaction produced by an allergen 
with that produced by histamine, the variation 
between prickers in the numerator is smaller 
than that in the denominator. Thus, the meth- 
od is very sensitive, but low in specificity (13). 

The current Scandinavian practice tends to 
give false negative results for allergic reactivity. 
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Table 5 

Reproducibility coefficients of the prick test method for the four nurses according to the type of test solution and the type of 
grading the area of the weal reaction ( n  = 20 tested subjects, 80 reactions per test solution) 

Test solution 
Uncorrected’ Corrected‘ Categorized’ 

Intraclass-correlation Kappa 

Histamine 
Control solution 
Timothy pollen 
Mugwort pollen 
Dog dander and hair 
Dermalophafoides pteronyssinus 
Candida albicans 
Candida utilis 
Bencard’s fodder yeast 
Dialysed fodder yeast 
Non-dialysed fodder yeast 

0.48 
0.17 
0.77 
0.84 
0.81 
0.73 
0.61 
0.57 
0.82 
0.42 
0.81 

0.68 
0.47 
0.49 
0.46 
0.44 
0.59 
0.68 
0.56 
0.53 

0.40 
0.34 
0.26 
0.14 
0.22 
0.26 
0.35 
0.25 
0.25 

‘area: R x r‘, where r = (diameter 1 + diameter 2)/4. 
‘area: (allergen diameter 1 x allergen diameter 2)- 

(control diameter 1 x control diameter 2)/ 
(histamine diameter 1 x histamine diameter 2)- 
(control diameter 1 x control diameter 2). 

3grade: - = corrected area 5 0.24; + = corrected area 0.25-0.74; + + = corrected area Z 0.75 

In clinical work this low specificity is not neces- 
sarily a problem since the results of skin tests 
are usually interpreted in view of the subject’s 
clinical history, and additional investigations 
can be performed. In addition, reproducibility 
of the histamine reactions could be improved by 
using concentrations for histamine that are 10 
times stronger than those used in this study as 
reported later by others (14, 20). In epidemi- 
ological studies, however, the situation is differ- 
ent. The low specificity leads to misclassifica- 
tion of the study population in terms of the 
exposure or the disease and therefore weakens 
the basis for estimating risk in aetiological stud- 
ies. 

The suitability of histamine-corrected read- 
ings of weal reactions for epidemiological stud- 
ies was further questioned by comparing varia- 
tion coefficients for weal areas expressed as 
uncorrected geometric areas and corrected 
areas. Reduction of variation coefficients to less 
than half those for uncorrected geometric areas 
indicates that less than half of the variance of 
allergic weal reactions is due to patient’s indi- 
vidual immunological characteristics. In an epi- 
demiological study this would mean that if esti- 

mations of the histamine-corrected areas are 
used, the power of the study is reduced con- 
siderably and an unnecessarily large sample is 
needed. In addition, since the mean area of 
histamine reactions was considerably larger 
than that of the reactions to allergens, the ef- 
fects of the differences in nurses’ performances 
are probably reflected unpredictably in the cor- 
rected area estimations as low reproducibility of 
prick testing between different nurses. 

The reproducibility of the prick test method 
was further decreased when histamine-corrected 
weal reactions were categorized into three class 
ratings. Concordant ratings (positive or nega- 
tive) were obtained only in about one-third of 
the tests. The low reproducibility was clearly 
shown when coefficients of reproducibility for 
the three ways of defining the size of the weal 
reaction were compared. The accepted level of 
reproducibility (kappa or intraclass correlation) 
usually is 0.80, which would mean here that in 
epidemiological studies the estimation of weal 
reaction as geometric area of the reaction, with- 
out any correction for reactions to histamine or 
control solution, would be preferable. The area 
of a circle forms about 80% of the area of a 
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square and the variances of the corresponding 
areas are the same. Therefore, the area of the 
weal reaction could be estimated well enough as 
the product of the two perpendicular diameters, 
the area of a square. This study showed that 
when the areas of weal reactions were measured 
in this way, the differences between the read- 
ings of different nurses were small. 

The reproducibility of the prick test method 
also depends, of course, on technical factors. 
Our analysis showed that the areas of the weal 
reactions differed more according to which 
nurse made the prick test than according to who 
read the corresponding weal reactions. Thus the 
main source of methodological error for prick 
testing in epidemiological studies seems to be 
the use of several prickers rather than the use of 
several readers. The same nurse should be the 
pricker throughout a study. If this is not fea- 
sible, the prickers should be evenly distributed 
within the comparison groups, so that each 
nurse will prick the same proportion in each 
group. Better standardization of pricking may 
be achieved by using prick-test lancets (3, 17) .  
The areas of weal reactions can be read after 
testing by using the record drawn on transpar- 
ent tape. Thus the reproducibility of the read- 
ings can easily be checked. 

In conclusion, in epidemiological studies the 
results of skin tests using the prick technique 
evidently should be expressed as geometric 
areas on a continuous scale. These areas are 
estimated as the product of two perpendicular 
diameters of the area of each weal reaction. 
Both histamine and diluent controls are un- 
necessary. In clinical practice the inclusion of 
histamine control, to detect hyporeactive sub- 
jects, and of diluent control, to detect subjects 
who yield non-specific reactions, is justified. 
Use of these solutions as controls in grading the 
weal reactions, however, causes more misclassi- 
fication than does their exclusion from the grad- 
ing. Thus, even in clinical practice, it might be 
preferable to express the results of skin prick 
tests as geometric areas or mean diameters of 
the weals. By using the prick test method and 
the concentrations of test solutions used in the 
present study, weal reactions with a diameter 
exceeding 3 mm apparently are true positive 

reactions. This agrees with previous findings 
(4). 
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