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Background: The proper reading of patch test (PT) reactions, based on morphological criteria, is of
utmost importance. Digital images are increasingly used for medical training.

Objectives: To assess the diagnostic validity of readings of 20 digital images of various PT reaction
grades by congress attendants.

Methods: 122 volunteers took a PT quiz offered during the 8th ESCD meeting, September 2006,
Berlin. No information on the respective allergen was given, nor the gold standard grading deter-
mined by an European Environmental and Contact Dermatitis Research Group (EECDRG) expert
panel was disclosed while the quiz was open.

Results: Overall, 63.5% of all ratings agreed ‘exactly” with the gold standard, and 87.8% ‘grossly’,
that is, with regard to the distinction between non-positive [doubtful or irritant (IR)] and positive
(+, ++, and +-++) reactions. Most images prompted a fair proportion of correct classifications.
The distinction between doubtful and + and between +++, and strong bullous IR reactions proved
partly difficult, probably because of blinding of the test substance. The least experienced in particular
tended to misclassify IR reactions.

Conclusions: The rating of digital images of PT reactions represents just 1 particular, isolated aspect of
PT evaluation. Results were largely valid. Thus, the method could be used for continuing medical
education, and for standardization in multicentre networks.

Key words: contact allergy; continuing medical education; digital image; interrater agreement; patch
testing; validity. © Blackwell Munksgaard, 2007.
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Patch testing is still the main tool for diagnosing
contact allergy. Standardization of the patch test
(PT) procedure has reached a high level, regarding
chemical characterization of allergens, their sta-
bility during shelf life in the vehicle and test con-
centration identified as optimal. International
guidelines regarding the application, reading,
and interpretation of PT results have been pub-
lished (1). In this process, the visual evaluation of
the PT reaction is an essential step. However, simi-
lar to other diagnostic tests which are visually
read, different observers may read the same PT
reaction differently. Hence, a certain proportion
of readings will be incorrect, limiting the validity
of the test. While misclassification between ++

and +++ reactions is not important, the distinc-
tion between, for example, doubtful (?), and weak
positive (4) reactions is more crucial.

The present analysis, based on the results of
a computer-based PT quiz, aims at quantifying
the amount of variability and divergence from
gold standard ratings of 20 different digital images
of PT reactions. Moreover, we try to identify fac-
tors, which could influence (dis)agreement with
the gold standard.

Methods

From a collection of digital images compiled by
the EECDRG, 20 images (Fig. 1a—t) were selected
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A p-Phenylenediamine 1% pet b
(PI): +++

Fragrance mix 8% pet.
(PI): +

e Lyral ™ 5% pet. f
(PT): ++

Detergent 10% aqu.
(PI): IR

¢ Kerosene (as is) (PI): IR

g  Fragrance mix 8% pet.

d Shampoo 1% aqu. (no PI): IR

Bufexamac 5% pet.

(PI): + (PI): ++

i Cutting oil 4% aqu. J
(PI): +

Treemoss 1% pet.
(PI): +

M Potassium dichromate 0.5% n
pet. (no PI): 7

MDBGN 0.3%
pet. (PI): ++

I' Potassium dichromate 0.5%
pet. (no PI): ?

-Phenylenediamine 1% pet.
P y! P
(PI): ++

(1] Compositae mix 6%

S Nickel sulfate 5%

K Disinfectant (as is) (PI): IR 1 NaOH 5% aqu.

(no PI): IR

Thiuram mix 1% pet.
(no PI): ?

Benzalkonium chloride 0.1%
aqu. (no PI): ?

pet. (PI): ++

pet. (PI): +

Fig. 1. Figure 1 a—t: patch test reactions evaluated in the quiz: name of the material tested, test concentration (both not
disclosed), information on palpable infiltration, gold standard rating (also not disclosed during the quiz).

to be evaluated by participants of the 8th
Congress of the European Society of Contact
Dermatitis (http://orgs.dermis.net/content/e0lescd/
e0laims) in Berlin, from 14 September to 16 Sep-
tember (http://www.escd.org) and the subsequent
German satellite meeting. The images were pre-
sented in a separate seminar room on liquid crys-
tal display units. Registered participants of the
congresses (n = 480) were invited to take a quiz
on this set of images. Volunteers first filled in
anonymous categorical information on the coun-

try of residence, their qualification and their
workplace, and their years of PT expertise. Next,
the participants rated each of the 20 images as
either negative (‘negative’), doubtful (‘*?” or ‘7+":
faint erythema only), weak positive (‘+: ery-
thema, infiltration, possibly papules), strong
positive (‘++: erythema, infiltration, papules,
vesicles), extreme positive (‘+++: intense ery-
thema and infiltration and coalescing vesicles) or
irritant (‘IR’, different types), following the inter-
nationally accepted classification (1, 2). Each image
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included information on the presence or absence
of palpable infiltration (PI) (Fig. 1a—t).

All user entries were stored electronically. After
descriptive analysis of results, the statistical evalu-
ation focussed on the issues of (i) agreement of
raters with the gold standard and (ii) those factors
which are associated with it. For this purpose, an
indicator variable termed ‘exact agreement’ was
conceived which was set to 1 if the individual rat-
ing exactly corresponded to the pre-defined gold
standard, and to 0 otherwise. Furthermore, to
address the classification of a PT reaction as aller-
gic versus non-allergic, another indicator variable
was calculated, termed ‘gross agreement’. This
was set to 1 either if both the gold standard and
the individual rating indicated an allergic PT reac-
tion (in the range of ‘+’ to ‘“+++") or if both
indicated a non-allergic reaction (‘IR’ or ‘?’), and
to 0 otherwise. The association between disagree-
ment and years of experience in patch testing (cat-
egorized into 3 levels, according to the tertiles of
the distribution of the original data: up to 5, 6 to
15 years and > 15 years), being a dermatologist
versus a researcher, according to self-classification,
and the above mentioned outcome-indicator was
quantified in bivariate analyses by the prevalence
ratio (PR), accompanied by an asymptotic 95%
confidence interval (CI). For data analysis, the
statistical software package sas (version 9.1,
SAS Institute, Cary, NC, USA) was used.

Results

A total of 122 persons took part in the PT quiz.
Most of them classified themselves as consultant
in dermatology (n = 51), 27 as researcher (of
these, 10 from industry), 24 as dermatologists in
private practice, 12 as professors and 8 as regis-
trars in dermatology. Participants came from 22
different countries: Germany (n = 28), UK
(n =12), France (n =9), Poland, and Spain
(n = 8 each), Denmark and Sweden (n = 7 each),
and lesser numbers from other countries, includ-
ing 11 visitors from outside Europe. The median
(and mean) experience in patch testing was
12 years, ranging from 1 year (14 cases) to
42 years (1 case). Experience in patch testing did
not differ significantly between dermatologists
(n=95) and others (n=27) (P=0.67,
Wilcoxon-Mann—Whitney test).

Descriptive results of the readings of each image
are presented in Table 1. Evidently, the agreement
(in terms of % readings agreeing with the gold
standard) varied between different images and
reading grades, respectively. Moreover, the con-
sideration of ‘gross’ agreement greatly increased
subsequent concordance, see 2 rightmost columns.

On average, 63.5% of all ratings agreed ‘exactly’
and 87.8% ‘grossly’, that is, with regard to the
distinction between non-positive and positive.
Considering sensitivity (the proportion of true-
positive ratings) and specificity (the proportion
of true-negative, or rather, true-non positive rat-
ings), the following was observed: Among derma-
tologists, pooled sensitivity was 87.9%, and
specificity 89.1%, while among researchers the
respective proportions were 85.9% and 85.2%,
respectively (differences not significant, Chi
square test). Experience in patch testing partly
influenced the ratings: Sensitivity was 85.0% with
up to 5 years, 90.0% with 6-15 years and 87.3%
with >15 years experience (not significant). Speci-
ficity, however, was significantly associated with
experience, with proportions increasing from
84.2% to 87.8%, reaching 92.5% in the most
experienced category (P = 0.0004, Cochran-
Armitage Trend Test).

Analysing single images, the risk of disagreeing
with the gold standard varied within the categories
of experience and being a dermatologist, respec-
tively, which was significant in a few instances (CI
not including 1, Table 2). In this context, a PR of
greater than 1 indicates a higher frequency of dis-
agreement, compared with the respective reference
category (non-dermatologists and ‘experienced’
raters). In contrast, a PR of less than 1 indicates
less disagreement than in the reference category,
that is, better diagnostic performance than in the
reference category, as measured against the gold
standard.

Discussion

The study presented addresses, for the first time,
the validity of PT readings based on digital
images. These are increasingly used to document
and even analyse PT reactions (3). In contrast to
the few previous studies in this field (4, 5), a broad
range of (slight) IR, doubtful to strong positive
reactions was represented, similar to real life con-
ditions. Negative reactions, which should be
straightforward to diagnose, had not been consid-
ered. Moreover, a gold standard rating was avail-
able for the images, enabling us to assess validity,
and not merely reliability (agreement independent
from a gold standard).

However, before discussing single findings of
our analysis, some general aspects should be
addressed. First of all, compared with the real life
application, the evaluation of digital images of
PT reactions was different in several aspects:

e No information as to the allergen, and its
concentration and vehicle was given — in case
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Table 1. Characteristics of the images used and descriptive univariate results. The gold standard rating is marked with bold numbers.
The percentage of exact (‘ex’) and gross (‘gr’) concordance between the readings blinded with regard to the test substance and the gold
standard is given in the 2 rightmost columns

Reading Percentage concord
PI Gold standard rating — — IR ? + ++ A+ ex er
p-Phenylenediamine 1% Yes  +++ 0 7 0 0 4 111 91 94
Fragrance mix 8% Yes  + 1 5 7 92 17 0 75 89
Kerosene (as is) Yes IR 2 91 0 0 9 20 75 76
Shampoo 1%* No IR 17 96 9 0 0 0 79 100
Lyral 5% Yes 4+ 0 5 0 48 67 2 55 96
Detergent 10%* Yes IR 1 90 8 12 6 5 74 81
Fragrance Mix 8% Yes + 0 5 4 67 46 0 55 93
Bufexamac 5% Yes ++ 0 41 0 3 32 46 26 66
Cutting oil 4%? Yes + 2 7 57 54 2 0 44 46
Treemoss 1% Yes + 1 7 2 68 44 0 56 92
Disinfectant (as is) Yes IR 1 97 4 5 4 11 80 84
NaOH 5%*? No IR 18 69 28 7 0 0 57 94
Potassium dichromate 0.5% No ? 29 5 77 10 1 0 63 91
MDBGN 0.3% Yes  ++ 0 1 0 29 83 9 68 99
Compositae mix 6% Yes  ++ 0 3 0 5 106 8 87 98
Thiuram mix 1% No ? 0 34 70 18 0 0 57 85
p-Phenylenediamine 1% Yes  ++ 1 2 0 9 96 14 79 98
Potassium dichromate 0.5% No ? 14 21 75 11 1 0 61 90
Nickel sulfate 5% Yes + 0 9 2 27 77 7 22 91
Benzalkonium chloride 0.1%*  No ? 26 5 82 8 1 0 67 93

All allergens in petrolatum, except where otherwise indicated: for example superscript ‘a’ indicates water; PI, palpable infiltration; and
IR, irritant; MDBGN, methyldibromoglutaronitrile.

of several of the PT substances presented on
the pictures, this information would most
probably have led more raters to choose the
gold standard rating. for example, with p-
phenylenediamine (PPD) 1% (Fig. 1a), the gold

standard reading being +++, the vast major-
ity rated the reaction accordingly (111 of
122), while 7 considered this to be IR. It is
very probable that at least some of the 7
raters would have changed their IR rating

Table 2. Association between disagreement with the gold standard (‘exact’ and ‘gross’; see text) and being a dermatologist and years of
patch test experience, respectively, quantified as prevalence ratio (PR) with accompanying 95% confidence interval. A PR >1 indicates
more disagreement with the gold standard than in the reference category, a PR <1 less disagreement, that is, more agreement when
reading the reactions blind to the test substance

Substance ‘Exact’ ‘Gross’
Gold standard rating Derm. Exp2 Expl Derm. Exp2 Expl
p-Phenylenediamine: +++ 2.84 (0.38-21.2) 2.21 (0.59-8.23) 0.72 (0.13-4.07) 1.71 (0.21-13.56) 1.47 (0.35-6.16) n.c.1

Fragrance mix +
Kerosene IR

Shampoo IR

Lyral ++

Detergent IR

Fragrance mix +
Bufexamac ++

Cutting oil +

Treemoss +
Disinfectant IR

NaOH IR

Potassium dichromate?
MDBGN ++
Compositae mix ++
Thiuram mix?
p-Phenylenediamine: ++
Potassium dichromate:?
Nickel sulfate +
Benzalkonium chloride:?

0.32 (0.18-0.58)
0.69 (0.36-1.33)
1.19 (0.50-2.87)
1.95 (1.00-3.80)
1.02 (0.49-2.09)
1.28 (0.75-2.18)
0.78 (0.65-0.94)
0.85 (0.60-1.20)
0.99 (0.62-1.61)
0.90 (0.40-2.03)
0.87 (0.55-1.38)
0.70 (0.43-1.13)
0.64 (0.38-1.09)
1.23 (0.38-4.01)
1.19 (0.69-2.05)
0.77 (0.36-1.64)
0.93 (0.55-1.57)
0.84 (0.70-1.00)
0.66 (0.39-1.12)

0.60 (0.25-1.47)
1.65 (0.50-5.43)
1.65 (0.50-5.43)
0.65 (0.34-1.24)
2.65 (1.02-6.84)
0.75 (0.48-1.16)

1.27 (0.65-2.50)

0.24 (0.09-0.66)

5.64 (2.12-15.0) 0.75 (0.37-1.49)
4.30 (1.57-11.8) n.c.12
1.77 (1.16-2.70) 1.14 (0.13-9.75)

3.23 (1.29-8.06)
0.56 (0.33-0.93)

0.65 (0.30-1.42)
2.27 (0.30-17.4)

0.75 (0.59-0.97) 0.74 (0.57-0.95) 0.78 (0.45-1.33)

0.59 (0.37-0.96)
0.74 (0.44-1.24)

1.16 (0.84-1.59)
0.97 (0.62-1.52)

0.82 (0.58-1.16)
2.56 (0.34-19.3)

5.51 (1.29-23.6) 6.99 (1.68-29.1) 0.85(0.34-2.13)

1.22 (0.78-1.90)
0.95 (0.50-1.79)
0.55 (0.27-1.14)
0.55 (0.15-2.06)
0.83 (0.50-1.38)
0.55 (0.21-1.47)
0.96 (0.54-1.71)
0.94 (0.72-1.21)
1.10 (0.58-2.08)

0.74 (0.42-1.29)
1.46 (0.85-2.50)
1.01 (0.58-1.76)
1.25 (0.46-3.42)
0.91 (0.56-1.48)
1.18 (0.56-2.48)
1.14 (0.67-1.94)
1.11 (0.90-1.37)
1.16 (0.62-2.15)

0.71 (0.15-3.46)
0.50 (0.16-1.57)
n.c.1

n.c.1

4.83 (0.67-34.7)
0.57 (0.05-6.03)
0.28 (0.10-0.81)
1.28 (0.29-5.57)
0.57 (0.15-2.12)

0.55 (0.11-2.85)
1.65 (0.50-5.43)
n.c.1,2

n.c.1,2

2.94 (0.84-10.3)
1.10 (0.24-5.15)
0.93 (0.56-1.54)
0.64 (0.39-1.06)
0.55 (0.05-5.84)
9.92 (1.32-74.8)
1.10 (0.24-5.15)
0.83 (0.20-3.47)
n.c.1

n.c.2

1.76 (0.63-4.94)
n.c.1

0.66 (0.17-2.59)
0.74 (0.13-4.17)
0.83 (0.20-3.47)

1.88 (0.60-5.94)
5.11 (1.90-13.7)
n.c.1,2

n.c.2

4.30 (1.31-14.1)
1.08 (0.23-5.02)
0.34 (0.15-0.76)
1.25 (0.90-1.75)
3.76 (0.83-17.1)
10.8 (1.44-80.2)
0.36 (0.04-3.31)
1.08 (0.29-4.01)
n.c.1

n.c.2

1.08 (0.34-3.44)
2.15(0.20-22.8)
0.86 (0.25-2.98)
2.15 (0.58-8.03)
0.54 (0.10-2.78)

Derm., dermatologist (reference: not a dermatologist); Exp., experience in patch testing (‘Exp1” up to 5, ‘Exp2’ 6-15 years, reference:
>15 years); n.c.1, not calculable: zero disagreement in category; n.c.2, not calculable: zero disagreement in reference category; n.c.1,2,
not calculable: zero disagreement in both categories. MDBGN, methyldibromoglutaronitrile.
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to a ‘strong allergic’ rating, if they had known
that the test material was 1% PPD which is
definitely not such a strong irritant at this
concentration. The same holds true for
bufexamac (Fig. 1h) — here, the sharp demar-
cation of a clearly infiltrated, vesicular reac-
tion may have mislead many raters: 41
considered this to be IR, while in fact this
was an allergic reaction of a +4 strength.
The opposite can be observed with IR mate-
rials: the IR kerosene reaction (Fig. 1¢) could
also represent a severe bullous allergic reac-
tion. In case of the IR reaction to 10% deter-
gent (Fig. 1f) the reasons for divergence are
less evident, and it is indeed somewhat dis-
turbing that 23 rated this as allergic (4, ++
or +++) rather than IR. The lesion is rather
sharply demarcated, has no papules or
vesicles, and in the center a large pustule is
visible. Possibly information on the presence
of PI has mislead these readers, similar to
Fig. 1k. Nevertheless, if information on the
test material had been given, less false ratings
could have been expected.

e Although information on the presence of PI
(and, implicitly, on its absence) was provided
with the images, many physicians probably
only rely on their own palpation — otherwise
it would be hard to explain why a number of
raters judged images as doubtful (by defini-
tion erythema only!) where infiltration was
present (most stunningly at Fig. 1i).

e Only single reactions, and not the entire back
or larger parts of it were shown, excluding
comparisons with other reactions on the
same patients, or considerations regarding
‘angry back’ or cross-reactivity. However,
while such information will often guide the
reading and interpretation of PTs, the quiz
was explicitly restricted to evaluating (and
training) the correct morphological reading
as such.

e This deliberate restriction also applies to
other aspects of a full evaluation of PT reac-
tivity: after morphological classification,
which was the sole issue here, the interpreta-
tion of reactions as either allergic or IR fol-
lows, and, after this, the evaluation of clinical
relevance if a reaction is deemed allergic (6).
Sometimes, a reaction can only be classified
as either allergic or IR by further testing with
a dilution series or performing a repeated
open application test or a suitable provoca-
tive use test (7).

Hence, with the PT quiz we evaluated only
a part of the process of PT reading, albeit an

essential one and the addition of other pieces of
information mentioned above should have
improved both accuracy and validity.

Similar restrictions applied to the study pub-
lished recently, evaluating agreement between
5 experienced dermatologists when rating slides
of 55 positive PT reactions’ (5). The authors
concluded that by collapsing the original Inter-
national Contact Dermatitis Research Group
(ICDRGQG) classification with the 6 levels used
here as well into a simpler scheme with ‘positive’,
‘IR’, and ‘negative’ reactions (the latter includ-
ing doubtful reactions) increases agreement. We
have noted a similar phenomenon comparing
‘exact” and ‘gross’ agreement (see the 2 rightmost
columns in Table 1) — the latter representing a
dichotomous classification of allergic versus non-
allergic, which we consider most important for
diagnostic workup. However, for contact allergy
research and also in patient care we do not think it
advisable to abandon the existing grading system
in favour of a simplified system, because the inten-
sity of the test reaction does carry important infor-
mation and should not be dismissed prematurely.

One previous study examined a set of selected
live PT patients, taking partly similar measures to
achieve blinding (no information on the allergen —
out of a set of altogether 4 allergens — and no
communication with patients and other raters,
respectively) (4). While the results of this study
are difficult to compare with ours because of
methodological differences, one general result
proved similar: Bruze et al. found agreement in
82% of reactions (in terms of a classification as
positive versus negative), and in our analysis
‘gross’ agreement (in terms of a classification
as positive versus non-positive) amounted to
87.8% (88.4% if the analysis was restricted to
dermatologists).

No effort had been taken to calibrate colour
balance, contrast, and brightness of the images,
to render these as similar as possible to the origi-
nal human skin. This was a deliberate decision, as
the images are intended to be used as straightfor-
ward teaching material under a variety of viewing
conditions as well. However, as ‘IR’ or ‘?” reac-
tions had been rated as negative by some, that is,
erythema was not recognized as such, it might
be difficult to detect (slight) erythema on digital
images. It is up to future research to further
explore the impact of a possible loss of quality
by digitalizing images on the recognition of
erythema.

According to the results presented in Table 1,
many images were correctly judged by the vast
majority of raters — particularly if ‘gross’ agree-
ment is considered (see above). Only 4 images did
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not yield more than 100/122 ‘grossly agreeing’ rat-
ings (Fig. 1c, f, h, and 1). In the first 3 pictures it
seems to have been difficult to distinguish IR and
(stronger) positive reactions. Those first 3 images,
where disagreement with the gold standard read-
ing cannot just be attributed to simple ignorance
of information on PI as in the last instance, should
probably be classified as ‘difficult’. They could
either be eliminated from teaching material, or
deliberately included and extensively explained.

Two facets of the personal profile of raters have
been assessed regarding their impact on disagree-
ment with the gold standard:

e Dermatologists tended to rate more often in
accordance with the gold standard; however,
this was rarely a significant finding. In other
instances they tended to rate worse than non-
dermatologists (not significant). It should be
mentioned, however, that even those who
classified themselves as non-dermatologists
had, partly extensive, experience in patch
testing and were thus not comparable with
non-dermatologists in general.

e In contrast, ‘little’ experience in patch testing
was distinctly associated with misclassifying
IR reactions: only the IR reaction to NaOH,
with its special appearance (punctate crusted
erosions without conceivable erythema), did
not yield a significant result in this respect.
Considering the fact that ‘little’ experience
was defined data adaptively here, based on
a highly specialized scientific peer group tak-
ing part in the quiz, it is evident that among
less specialized colleagues with truly ‘little’
experience the misclassification of IR reac-
tions may be a common problem.

Conclusion

The present study explicitly addresses just 1 parti-
cular ‘isolated’ step in the diagnostic process of
patch testing, namely, the classification of PT
reactions (as digital images) according to morpho-
logical criteria. Hence, the performance of (a fairly
selected group of) raters in terms of agreement
with an expert gold standard cannot be directly
interpreted as giving an impression of the perfor-
mance under real life conditions. Nevertheless, the
(very) good agreement in case of many of the
images indicates that generally the reading of PT
reactions is highly valid, even under the somewhat
artificial and difficult conditions of the PT quiz.
Our analysis identified the distinction between
stronger IR and (strong) positive reactions, and
the distinction between doubtful and weak posi-

tive reactions as targets for training. Regular PT
training, for instance using the digital images
employed in the quiz, further supplemented with
information on the allergen, on the correct classi-
fication and other explanations can be expected to
enhance the standardization of patch testing. This
appears highly recommendable for observers
engaged in multicentre trials or participants of
regular contact dermatitis research networks, such
as the European Surveillance System on Contact
Allergies (http://www.essca-dc.org) to reduce
between-centre variation induced by differing PT
reading standards. Scientific meetings or the Inter-
net could provide a suitable platform for this edu-
cational activity. The images presented here are
available at http://www.ivdk.gwdg.de/dkg (select
‘PT Reading Course’), accessible after registration.
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