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Abstract

Epicutaneous skin testing for sensitization to aero-allergens in patients with allergic diseases requires
measurement of skin wheal and erythema in response to antigens. This may be variable between different
providers especially among patients with dark skin pigmentation. Purpose of this study is to determine whether
Allergy-Immunology specialists vary in their measurement of epicutaneous skin tests in patients with differential
skin pigmentation. 3 patients with differing skin tones were skin tested using various concentrations of histamine to
produce increasing sizes of skin wheal and erythema reaction. High quality photographs of these were taken and
sent to 20 board certified/eligible Allergy-Immunologists to measure the wheal and erythema size. There was poor
agreement among specialists in measurement of both wheal and flare sizes from patient with darkest skin tone. In
contrast in patients with lighter skin tones there was fair to good agreement and excellent agreement from specialists
in measurement of wheal and flare sizes respectively. Measurement of skin test results in patients with dark skin
pigmentation may have significant variability even among specialists and in vitro tests may be more appropriate in

these patients.
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Introduction

Epicutaneous skin testing is recommended by National Allergy-
Immunology guidelines as the initial preferred method to test for
environmental and food allergens in sensitized patients. The tests are
safe, relatively inexpensive and provide results as soon as 20 minutes
after administration [1]. There are certain conditions in which skin
testing is accepted as unreliable. These include underlying skin
conditions such as atopic dermatitis and medications which reduce
cutaneous reactivity to antigens including anti-histamines and tri-
cyclic anti-depressants [1,2]. Other variables also can affect results of
skin testing although in less definitive and more variable fashion. Skin
reactivity has been shown to change with age, quality of testing reagents,
testing device and different parts of the body where testing took place
[1,3-6]. Finally an accepted but less studied variable is variability
in provider interpretation of skin tests particularly in patients with
varying degrees of skin pigmentation [1]. Under these conditions use
of in vitro allergy tests such as in vitro serum specific allergen IgE may
be more accurate and reliable.

Skin testing results are usually interpreted by measuring the size
of the wheal and flare in reaction to epidermal deposition of antigens.
In the past significant number of Allergy providers utilized a semi-
qualitative scoring system (0 to +4) to interpret skin test results [1,2].
The American Academy of Asthma Allergy and Immunology (AAAAI)
in the most current practice parameter on diagnostic testing has
recommended against using this method and to measure both wheal
and flare size of skin testing, presenting the result as the mean of the
horizontal and orthogonal measurements [1]. McCann and Ownby
have shown that there is considerable variability in reading skin tests
using the semi-qualitative method even among board certified/eligible
allergist [2]. However to the best of our knowledge there have been no
studies to determine if there is significant variability in measuring skin
test results using mean horizontal/orthogonal method among allergy-
immunology specialists; and whether differences in skin pigmentation
or tone affects any variability. This study endeavors to see whether
allergy-immunology specialists show variability in measuring skin

tests using this method and whether there is greater variability in these
results in patients with darker compared to lighter skin pigmentation.

Methods
Skin tests

3 subjects with differing skin tone grades according to the
Fitzpatrick scale underwent epicutaneous skin testing after informed
consent was obtained. 8 individual prick/puncture tests were performed
on the forearms of each subject using a commercially available 8
pronged multitest device (Lincoln diagnostics, Decatus IL). Each
subject was tested with histamine solution at full commercial strength
and dilutions of 1:10, 1:100, 1:1000, 1:10000, 1: 100000, 1:000000 and a
negative commercial skin test control of glycerolsaline (HollisterStier,
Spokane WA). Digital photographs were taken of each individual’s
skin test 20 minutes after application using an 8 megapixel digital
camera. Photographs were printed on high quality glossy 8°X10” photo
quality paper using a commercial photography laboratory (Fromex,
Long Beach CA). The ratio of the skin tests on the photograph
to actual size of in vivo skin tests was 1:1. Skin tests were labeled A
through H. These photographs were sent to 30 board certified/eligble
allergist-immunologists practicing in Southern California. Instructions
were given to measure each skin test (measuring the wheal and flare)
according to the AAAAI 2008 practice parameters for diagnostic
allergy testing [1]. This was the (horizontal length of the wheal or flare
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+orthogonal length of the wheal or flare) divided by 2 (measured in
millimeters). An honorarium of $100 US was offered for participation
in the study.

The primary outcome was the reliability or agreement of each
wheal and flare skin test reaction measured by 20 individual specialists.
This intra-class correlation (ICC) was calculated as described by Shrout
and Fleiss [7].

The study was reviewed and approved by the institutional review
board of the Los Angeles Biomedical Foundation.

Results

The subjects tested had differential skin pigmentation. All subjects
also had seasonal and perennial allergic rhinitis with sensitization
to various perennial and seasonal allergens (data not shown). All
subjects reacted to epicutaneous histamine testing with wheal and flare
responses in increasing sizes to increasing concentrations of histamine.
Photographs of wheal and flare reactions were more distinct on subject
with dark (Figures la and 2a) compared to subject lighter skin tones
(Figure 3a).

20 surveys were returned and results recorded completely for
analysis. For both the wheal and flare reactions there was variability in
measurements by respondents. In general there was variability between

respondents in measurements of both wheal and flare reactions with
more variability in measurement of the wheals compared to flares in all
patients and more variability in both wheal and flare measurements in
patient with darkest compared to ones with lighter skin pigmentations
(Figures 1b,2b,3b).

Overall, across the 3 types of skin tones there was excellent
agreement among specialists in measurement of the flare (ICC=0.834)
compared to fair to good agreement in wheal measurement
(ICC=0.464). Agreement amongst specialists in measurement of
the flare was excellent in patient with lighter skin tones (ICC=0.792
and 0.902) but poor in patient with darkest skin tone (ICC=0.060).
Agreement amongst specialists in measurement of the wheal was fair to
good in patient with lighter skin tones (ICC=0.579 and 0.657) but poor
in patient with darkest skin tone (ICC=0.067) (Table 1). In general there
was less variability in measurement of both wheal and flare sizes among
specialists when the reactions were larger in size across the different
skin tones although there was no statistically significant difference.

Discussion

In this study we demonstrated that there was significant variability
in measurement of skin test wheal and flare reactions in patients with
dark skin pigmentation among allergy specialists. Agreement between
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Figure 1: a) Photograph of skin wheal and flare reactions on inner forearm of subject with light skin tone. *ICC—Intraclass correlation. Correlation
of observed wheal and flare measurements across raters (specialists) within the same patients b) Distribution of wheal and flare measurements
by 20 allergy specialists of 8 skin wheal and flare skin results. Interpretation example: For skin test A wheal reaction, 13 specialists rated the
wheal size a 0 mm, 2 rated size as 2 mm, 1 rated size as 2.5 mm, 1 rated size as 3.5 mm, 1 rated size as 5 mm, 1 rated size as 6 mm and 1
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Figure 2: a) Photograph of skin wheal and flare reactions on inner forearm of subject with light skin tone. *ICC—Intraclass correlation. Correlation
of observed wheal and flare measurements across raters (specialists) within the same patients b) Distribution of wheal and flare measurements
by 20 allergy specialists of 8 skin wheal and flare skin results. See figure 1 for Interpretation example.
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Wheal Flare
Group ICC* ICC*
Overall 0.464 0.834
Photo A (Lightest tone) 0.579 0.902
Photo B (Medium tone) 0.657 0.792
Photo C (Dark tone) 0.067 0.060

*|CC: Intraclass correlation. Correlation of observed wheal and flare measurements
across raters (specialists) within the same patients

Table 1: Reliability (Shrout-Fleiss) of allergy specialists’ assessment of wheal and
flare size in patients with differing skin tones.

specialists in measurements of wheal and flare reactions in fairer
skinned patients was fair to good and excellent respectively.

Allergen skin testing is cost effective, safe, simple to administer
and results available within 20 to 30 minutes [1]. Multiple variables
however affect the accuracy and reproducibility of skin test results.
Well documented variables include concomitant use of medications
that influence effects of mast cell mediators including anti-histamines
and mast cell stabilizers; Diseases which affect the integrity of the skin
such as atopic dermatitis; And age of the patients wherein infants and
young children have less skin reactivity [1,4-6]. Skin pigmentation or
tone has been cited by practice guidelines as one variable which may
affect skin test accuracy and reproducibility [1]. While this is logical
there are few studies supporting this. To the best of our knowledge
this is the first study which shows that there is significant variability
in measurement of skin test wheal and flare sizes in patients with dark

skin tones. This suggests that interpretation of allergen skin testing may
be problematic in these patients.

In this study allergy specialists are able to measure flare more
consistently than wheal reactions. While not statistically significant
there was more measurement variability when wheal sizes were smaller
in magnitude. Most providers measure both wheal and flare sizes in
determination of allergic sensitization however some investigators
advocate the importance of the wheal [7,8]. Current National allergic
testing guidelines recommend a minimum of 3 mm wheal reaction for
a positive test [1,9-14]. Wheal size to various environmental antigens
more than 4 mm is predictive of development of allergic disease [1,15].
Likewise wheal size of more than 8 mm to milk, egg and peanut are
highly predictive of clinical reactivity in young children with food
allergy [1,16,17]. There is however little data on sensitivity, specificity
and predictive value of the flare response. Variability of providers to
consistently measure wheal size may result in inaccurate interpretation
of test results particularly when wheal sizes are smaller in magnitude.
Of concern is variability with wheal sizes in the 3 mm range which
could inaccurately result in false positive or negative tests.

Interpretations made by this study need to be taken with caution
due to several limitations. Measurements of skin reactions are were
made from photographic images and not in vivo. Wheal reactions are
three dimensional and the ability to palpate the borders of the wheal
will increase the accuracy of the ability of specialists to more accurately
measure the test results. Further ability to rotate the arm and varying

J Allergy Ther
ISSN:2155-6121 JAT an open access journal

Volume 5 - Issue 1+ 1000160



Citation: Kwong KYC, Jean T, Redjal N (2014) Variability in Measurement of Allergen Skin Testing Results among Allergy-Immunology Specialists. J

Allergy Ther 5: 160. doi:10.4172/2155-6121.1000160

Page 4 of 5

a)

19 T
1e{ Wheal size ICC =0.067*
17
16
157
144
13-
124
o ]
1]
1
£ 7
7
o n
5 7l H
4
N n
>
1)
o] 3]
A B ¢

Individual skin tests

Flare size

Figure 3: a) Photograph of skin wheal and flare reactions on inner forearm of subject with light skin tone. *ICC—Intraclass correlation. Correlation
of observed wheal and flare measurements across raters (specialists) within the same patients b) Distribution of wheal and flare measurements
by 20 allergy specialists of 3 skin wheal and flare skin results. See figure 1 for Interpretation example.
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the direction of the light source increases the ability of the provider to
better discriminate the border of both wheal and flare reactions. The
skin tones were subjectively chosen by the investigators to represent
a range of skin pigmentation without the use of a standardized scale.
There is likely more skin tones on both extreme spectrums of light and
dark skin tones presented in this study. Agreement among specialists
in measurement of wheal and flare reactions in these subjects may be
different from present results. Increasing concentrations of histamine
was used to elicit skin reactions and although histamine is used
routinely as a positive control in allergen skin testing results may be
different if actual skin testing allergen was used (along with in vitro
specific IgE to respective allergen as control). Finally the sample size of
both the skin tests and respondents is small and results may be different
with larger sample sizes.

For over a century and still today, skin testing has been the
recommended method to determine allergen sensitization in patients
with allergic diseases [1,18,19]. Results of these tests are frequently used
to determine allergy therapy. These may be expensive, have potential
for serious adverse events and require significant commitment
by patients and providers. Environmental controls may require
purchase of expensive dust mite proof covers, removal of carpeting
and purchase of HEPA air filters [20]. Domestic pets may have to be
removed from households which may cause stress to patients [21].
Allergen immunotherapy recommended on basis of skin tests may
result in systemic reactions and in rare cases death. Commitment to
immunotherapy requires frequent injections or sublingual antigen

administration for up to 5 years. Correct identification of an offending
allergen requires positive allergy test results that are history consistent
with symptoms elicited by the particular allergen [22]. Therefore allergy
testing must be accurate. If skin testing has questionable accuracy in
patients with dark skin tones then substitute tests with are not affected
by skin pigmentation such as in vitro IgE tests may be better alternatives
in these patients to test for allergen sensitization.

In conclusion, there may be significant variability in measurement
of skin test reaction in patients with dark skin pigmentation/skin
tones by Allergy-Immunology specialists. Care should be taken when
interpreting skin test results in these patients and alternative allergy
tests unaffected by skin tones be considered.
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