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Background: Allergy skin testing is a cornerstone in the evaluation of the allergic patient. This seemingly simple test is subject
to multiple variables that can affect the result.

Objective: To evaluate the degree of variability among board-certified/board-eligible allergists in the scoring and interpre-
tation of allergen skin tests.

Materials and Methods: A series of allergen prick skin tests were digitally photographed and a questionnaire generated.
Approximately 70 board-certified/board-eligible allergists were asked to grade each test item and to interpret them as positive,
negative, or indeterminate or if they desired a followup intradermal test.

Results: Thirty-three interpretable responses were obtained. The majority of respondents (24) used a grading scale of 0 to 4.
Agreement among physicians using a 0 to 4� scale ranged from a standard deviation of 0.26 to 1.35, with greatest agreement
on items with median/mode scores of 4�. The largest standard deviations were found on test items with median/mode scores of
1� to 2�. Interpretation of the test items also showed greatest variation for those items with median/mode scores of 1� to 2�.
The number of intradermal tests requested ranged from 0 to 11 (of 22 test items).

Conclusions: The results demonstrate interphysician variation in the scoring and interpretation of epicutaneous skin tests. A
questionnaire such as the one used here may serve a useful quality control instrument to ensure reproducible scoring of skin tests.
In addition, the results highlight the need for greater study on the clinical utility of intradermal skin testing when epicutaneous
tests are negative or equivocal.
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INTRODUCTION
Allergy skin testing for immediate hypersensitivity is a cor-
nerstone in the evaluation of the patient with allergic disease.
This seemingly simple test, however, is subject to multiple
variables that can affect the result. Some of these are patient
dependent, such as the patient’s age, underlying skin condi-
tion, or use of medications that can interfere with the test
results (eg, antihistamines, tricyclic antidepressants). Testing
dependent variables include the quality of the extracts used,
the testing technique and testing device used, the location on
the body to which the tests are applied, and the distance
between individual test sites.1 Finally, individual physician
scoring and interpretation of allergen skin tests may add
further variability.

Multiple studies have been performed to investigate many
of these variables. Meinert et al2 evaluated the changes in size
of allergen wheal reactions over a 2-year period in 1,135
primary school children. This analysis demonstrated a year-
to-year increase in the average wheal size related to the
natural growth of the children. This change, however, af-
fected the interpretation of the test if the observer based the
reading on wheal size solely. Interpretation base on a ratio of

wheal size between the allergen skin test and histamine
control was unaffected. Grabbe et al3 examined the effect of
patient skin disorders on skin test results by examining tests
on patients with atopic eczema, allergic rhinitis, and nona-
topic controls. As might be expected, skin test results were
less reproducible in patients with severe eczema. Imber4

analyzed multiple test variables including the testing method,
extract concentration, diluent, extract manufacturer, and mix-
tures on skin test reactivity using 40 patients and a total of
2,395 skin tests. He demonstrated that each variable did
indeed affect skin test results. Multiple studies have evaluated
the validity and reproducibility of various skin test devices.5–7

One of these studies6 also noted a significant gradient of
reaction size on the back. The use of different methods of
scoring the test results can also add to variability.8,9

Given these multiple variables, one might expect to see
variations in skin testing procedures and results among clin-
ical practices. Rodriquez et al10analyzed skin test data from
four allergy practices in Virginia. The study demonstrated
significant differences between practices in the number of
skin test performed, the number of positive tests per patient,
and the grading of a positive test. This highlighted the need
for greater standardization of skin testing procedures and
quality control. To that end, both the American College of
Allergy, Asthma and Immunology and the American Acad-
emy of Allergy, Asthma and Immunology have adopted po-
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sition statements that detail standardized skin testing proce-
dures.11,12

In our review of the literature we did not identify any study
that directly examined the role of interphysician variation in
the scoring and interpretation of epicutaneous allergen skin
test results.

OBJECTIVE
To evaluate the degree of variability among board-certified
and board-eligible allergist-immunologists in the scoring and
interpretation of allergen skin tests.

MATERIALS AND METHODS
The study protocol was reviewed and approved by the insti-
tution’s human assurance committee. Adult patients under-
going routine allergen skin prick testing in the allergy and
immunology clinic were asked to participate. After informed
consent was obtained, a series of digital photographs were
taken of individual skin tests. Each photo included a milli-
meter ruler to provide scale. For each patient, photographs of
positive (histamine and/or compound 48/80) and negative
(glycerosaline) controls were taken in addition to several
extract skin tests. From the photographs taken, three series
(A, B, and C) were selected based upon photographic quality
and differing degrees of wheal and flare. Each series con-
tained a negative control, at least one positive control, and a
series of unknown, or test, items (A1-A9, B1-B7, and C1-C6;
Fig 1). An accompanying questionnaire asked board-certified
or board-eligible allergists to score or grade each test item as
they would in their office with a brief explanation of the
grading system he/she used. In addition, they were asked to
interpret each test item, given an appropriate history and
physical examination, as positive, negative, or indeterminate,
or whether they desired to follow up with an intradermal skin
test. Approximately 70 allergists were asked to participate;
the majority (45) were members of a large, multisite private
allergy practice. Interpretable results were tabulated. Skin

tests scored on a 0 to 4� semiquantitative scale were
grouped, and average grade, median and mode grade, and
standard deviations were calculated.

RESULTS
Thirty-six responses were obtained, two of which were in-
complete and one was not interpretable because of multiple
responses to individual items. Thirty-three complete and in-
terpretable responses were available for analysis, with 21
responses from the large, multisite practice. The majority of
respondents (24) used a grading scale of 0 to 4�, with 17
members of the multisite practice using such a scale. With
some minor variations, most of these physicians scored tests
using the modified University of Michigan grading system
(Table 1).13

Two respondents recorded the wheal and flare in millime-
ters. The remainder (7) provided no grading and only pro-
vided interpretations of the test items.

Agreement among physicians using a 0 to 4� scale ranged
from a standard deviation of 0.26 for items A8 and C3 to 1.35
for item C5. The lowest standard deviations, and thus greatest
agreement, were found for those items with median and mode
scores of 4�. The largest standard deviations (more than one)
were found on test items with a median and mode scores of
1� to 2� (Table 2).

Interpretation of the test items also revealed a range of
agreement. On several test items (A8, B4, B6, C1, and C3),
all 33 respondents interpreted the test as positive. Twenty-
five or more physicians, or 75%, interpreted a total of 10
items as positive. At the other end of the spectrum, four items
were interpreted as negative by 20 or more physicians. As
seven respondents preferred to perform intradermal tests on
all items not interpreted as positive, this represents 75% (20
of 26) of the respondents interpreting tests as negative in
agreement for a given item. The greatest variation in inter-
pretation was seen in those test items with median/mode

Figure 1. Questionnaire generated from digital photo-
graphs of epicutaneous skin tests. Each of three series of
photographs contains appropriate positive and negative
control tests followed by several test items (A1-A9, B1-B7,
and C1-C6). Each photograph contains a millimeter ruler
for scale.
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scores of 1� to 2� with standard deviations greater than 1.0
(Table 3).

The number of intradermal tests requested by an individual
physician ranged from 0 to 11 (of 22 test items) with an
average of 3.5 and a standard deviation of 3.75.

Analysis of the responses from physicians from the mul-
tisite practice versus other respondents did not reveal any
significant differences in the grading or interpretation of
individual test items.

DISCUSSION
First introduced by Blackley in 1873,14 allergen skin testing
has been an essential part of the evaluation of the allergic
patient for more than 100 years. Although appearing to be a
rather simple test, it is one influenced by multiple intrinsic
and extrinsic factors. Our results indicate that interphysician
differences in the grading and interpretation of allergen skin

tests may add yet another variable to the performance of this
integral test.

The results indicate that most of the respondents use a
similar 0 to 4� grading system. This may, however, reflect
the fact that many of the respondents are part of a large
multisite group. Grading of individual test items demon-
strates fairly consistent scoring of tests at either end of the
spectrum, ie, those with strong reactivity or little to no reac-
tivity. Test items that fell in between the extremes generated
the most interphysician scoring variability. Although this
may reflect inherent limitations of the survey itself (eg,
photographic quality, lack of three-dimensional relief), it also
demonstrates interphysician differences in the scoring of skin
prick tests and suggests that not all physicians strictly follow
the scoring criteria used in a semiquantitative scoring system.
Although proficiency test methods for evaluating accuracy,
precision, and reproducibility of skin testing are encour-
aged,11 one should also ensure reproducible, accurate scoring
of skin tests. Our results suggests that a survey such as this
one could be used to ensure that all personnel charged with
scoring skin tests do so in a uniform, consistent fashion. It
also suggests that measuring wheal and flare in millimeters
alone, without a semiquantitative scale, may avoid this pitfall
and thus be more reproducible.

Interpretation of the skin tests demonstrates a pattern sim-
ilar to that seen in the scoring of the tests. Again, there is
marked agreement on strongly positive and negative tests and
more disagreement on test items in between. Although these

Table 2. Skin Test Grading

Test item Median Mode Mean StDev

A1 0 0 0.33 0.56
A2 2 2 1.94 0.81
A3 0 0 0.29 0.62
A4 3 3 2.81 1.00
A5 1 1 1.48 0.79
A6 0 0 0.30 0.70
A7 2.5 3 2.35 0.78
A8 4 4 3.93 0.26
A9 3 3 3.33 0.55
B1 3 3 2.83 0.54
B2 1 1 1.55 1.01
B3 0 0 0.37 0.93
B4 3 3 2.80 0.52
B5 2 2 1.98 0.88
B6 3 3 3.23 0.63
B7 2 2 1.52 0.98
C1 4 4 3.68 0.55
C2 2 2 1.75 1.18
C3 4 4 3.93 0.26
C4 0.25 0 0.67 0.86
C5 1.5 1 1.89 1.35
C6 2 3 2.33 0.87

Results from 24 respondents using 0 to 4� grading system.

Table 1. Grading System for Skin Testing

Grade Skin appearance

0 No reaction or reaction no different than
negative control

1� Erythema less than 21 mm
2� Wheal less than 3 mm and erythema larger

than 21 mm
3� Wheal greater than 3 mm with surrounding

erythema
4� Wheal with psuedopods and surrounding

erythema

Table 3. Skin Test Interpretation

Test item Positive Negative Indeterminate Intradermal

A1 0 22 2 9
A2 18 4 2 8
A3 2 21 1 9
A4 27 1 1 4
A5 6 6 9 11
A6 1 21 2 8
A7 27 2 0 4
A8 33 0 0 0
A9 30 0 0 1
B1 28 1 1 1
B2 10 7 7 9
B3 1 23 3 6
B4 33 0 0 0
B5 19 3 3 7
B6 33 0 0 0
B7 9 9 7 7
C1 33 0 0 0
C2 12 5 7 9
C3 33 0 0 0
C4 1 19 4 9
C5 10 4 7 11
C6 26 2 1 4

Number corresponds to number of respondent interpreting a given
test item as positive, negative, indeterminate, or requiring intradermal
test. Not all 33 respondents interpreted all test items.
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intermediate tests may indicate weaknesses within individual
test items, they also highlight the need to ensure consistent
scoring of the test items and agreement as to what constitutes
a significant, positive reaction.

In addition, the results show a wide variation in the use of
intradermal skin tests as adjuncts to prick skin testing. Al-
though intradermal skin tests are essential in the diagnosis of
Hymenoptera and drug allergy, their use in the evaluation of
inhalant allergy is a matter of some debate. The customary
concentration used for intracutaneous testing is as much as 50
to 100 times more diluted than that used for prick/puncture
testing, thus providing increased sensitivity. This increased
sensitivity may, however, come at the loss of clinical speci-
ficity. One study15 comparing the clinical utility of epicuta-
neous with intradermal skin testing in timothy grass-allergic
patients found that a positive intradermal skin test in light of
a negative prick test did not indicate clinically significant
sensitivity to timothy grass. A similar study16 evaluating cat
allergy also found that intradermal testing added little to the
diagnostic evaluation. There are, however, fewer data on the
use of intradermal skin testing with weaker or poorer quality
extracts, such as dog or mold.17 This ambiguity is reflected in
the Practice Parameters for Allergy Diagnostic Testing,11

which states that
“Intracutaneous testing may be useful and should be
pursued if the prick/puncture test is negative or equivo-
cal to allergens strongly suggested by the patient’s his-
tory or exposure.”

Certainly, the physicians in our sample appear to reflect a
wide range of opinion regarding the use of intradermal skin
tests after a negative or equivocal epicutaneous skin test.

CONCLUSION
The use and interpretation of allergen skin testing can be
viewed as a distinctive hallmark that separates the allergist
from other physicians. Although appearing quite simple, the
test is fraught with multiple testing variables and its interpre-
tation requires a thorough history and clinical judgment. As
such, some interphysician variation in the scoring and inter-
pretation of epicutaneous skin testing is to be expected and
our results reflect this variation. We feel that the use of a
questionnaire such as the one used here may serve a useful
quality control instrument to ensure reproducible scoring of
skin tests, especially by physicians employing a 0 to 4�
semiquantitative scale. Larger-scale studies with this modal-
ity are warranted to validate this approach. In addition, the
results highlight the need for greater study on the clinical
utility of intradermal skin testing when epicutaneous tests are
negative or equivocal.
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