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The aim of this study was to investigate the validity of
self-patch testing for nickel allergy, in order to determine
a cost-effective method for surveillance of the prevalence
of nickel allergy. Population-based study including patch
testing is the most reliable method to study the prevalence
of allergy, but it is expensive and has logistical problems.
A total of 191 dermatology patients referred to patch tes-
ting were provided with a self-test package with written
instructions. The self-test was applied on the arm by the
patient, on the same day that the regular patch test was
applied on the back. The patient evaluated the self-test
before patch test reading at the clinic. Patch test at the
dermatology clinic detected 46/191 (24%) nickel-positive
individuals. The sensitivity of the self-test was 72% (95%
confidence interval (CI) 57-84), the specificity 91% (95%
CI 85-95), and the proportion of agreement 86% (95%
CI 81-91). Thus, in the population studied, the validity
of self-testing for nickel allergy was adequate. Key words:
contact allergy; epidemiology; patch test; self-test; sensiti-

vity; specificity.
(Accepted January 24, 2011.)
Acta Derm Venereol 2011; 91: 526-530.

Anna Josefson, Department of Dermatology, Orebro
University Hospital, SE-701 85 Orebro, Sweden. E-mail:
anna.josefson@orebroll.se

Contact allergy is common. Population-based studies
show that the prevalence of contact allergy is approxi-
mately 20% among adult Scandinavians (1-4). Among
adolescents in Denmark, Mortz et al. (5) found that
the prevalence of contact allergy was 15%. The most
prevalent allergens are nickel, fragrances and preserva-
tives. Nickel allergy is more common in women than
in menin all previous studies. Most studies on nickel
allergy are made in western Europe and in Scandinavia.
The prevalences mentioned (1) are from a rewiew of
population-based data past decades. Allergic contact
dermatitis is recognized as a public health problem and
prevention is of importance (6). Legislation may be ef-
fective in preventing contact allergy, and the European
Nickel Directive (7) came into full force in 2001. The
directive limits permissible nickel release from items in
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prolonged contact with the skin, e.g. jewellery, watches,
buttons and zips (8).

Continuous epidemiological surveillance is necessary
to determine the prevalence of contact allergy and to
evaluate interventions. Thus, reliable and inexpensive
epidemiological tools are required. Genuine population
studies including patch tests are difficult to perform for
logistical reasons. Data from patch tests at the clinic are
sometimes used to estimate the prevalence of contact
allergy. However, such data comprise a selected material
and are not representative of the general population.
Regarding nickel allergy in the general population,
it was found in a previous study that 56% of subjects
with nickel allergy had no self-reported symptoms of
dermatitis (9).

For epidemiological surveillance of common skin
diseases in the general population, questionnaires may
be useful, provided that the questions are validated.
Questions about self-reported nickel allergy have been
validated in a few studies (9-12). The validity of self-
reported nickel allergy was low in all the studies, having
a positive predictive value of 31-58%. Consequently,
the questions overestimate the true prevalence. To in-
vestigate the prevalence of nickel allergy other methods
are necessary.

A self-test kit, Nixema® (Mekos Laboratories ApS,
Hillereod, Denmark), has recently been introduced on
the Swedish market for detection of contact allergy to
nickel and fragrance allergy. Self-testing might be a
useful method to investigate the prevalence of contact
allergy in the general population, but the method has
to be validated and evaluated.

The aim of the present study was to compare results
from self-patch testing, performed and read by the pa-
tient, with results from patch testing using an established
method, performed and read by the dermatologist.

METHODS

Study population

The study was performed at three dermatology departments,
Orebro University Hospital, Karolinska University Hospital
Solna and Skane University Hospital. Patients were included
consecutively from the clinics when referred to patch testing
as part of the clinical investigation. Inclusion criteria were:
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Table 1. Characteristics of the participants (n=191)

Characteristics

Orebro/Solna/Skane, n 94/27/70
Women, 7 (%) 132/191 (69)
Mean age, years (range) 44 (18-65)

History of atopic dermatitis, n (%)
Reasons for patch test®, n (%)
Hand eczema
Facial eczema
Eczema on lower legs
Other eczema
Other reason

82/185 (44)

76/191 (40)
39/191 (20)
9/191 (5)
60/191 (31)
28/191 (15)

“Multiple alternatives possible.

age 18-65 years; and able to read and understand Swedish.
Exclusion criteria were: previous patch test; systemic treatment
with corticosteroids; antihistamine or other immunosuppres-
sive treatment; exposure to ultraviolet (UV) light or topical
treatment with corticosteroids on the test area during the past
14 days; pregnancy; and dermatitis on the test area. In total,
191 patients participated, 69% women, and the mean age was
44 years (Table I). Patient’s history of atopic dermatitis was
obtained from their medical records.

Patch testing

The patients were referred to patch testing as part of an investi-
gation of eczema. They were tested with nickel sulphate 5%
pet. and fragrance mix 8% pet. (cinnamic alcohol, cinnamic
aldehyde, hydroxycitronellal, amylcinnamaldehyde, geraniol,
eugenol, isoeugenol, and oakmoss absolute, all 1%) included
in the Swedish baseline series provided by Chemotechnique
Diagnostics, Vellinge, Sweden. Allergens were applied on Finn
chambers® on Scanpor® tape (Epitest Ltd Oy, Tuusula, Finland)
or on IQ Ultra® Chambers (Chemotechnique Diagnostics) and
fixed to the patient’s back with adhesive tape, Fixomull® or
Scanpor®. Patch tests were applied for 2 days on the back, and
readings were performed on day (D)3—4 and D7. The readings
were performed by different dermatologists as a part of routine
clinical investigations. Morphological evaluation was perfor-
med according to international standard, International Contact
Dermatitis Research Group (ICDRG) (13). For the analysis of
data, +, ++, and +++ readings were pooled as positive patch
tests. Positive patch testing to nickel sulphate D3 and/or po-
sitive patch testing on D7 are referred to as positive by the
“gold standard”.

Self-testing

Patients included in the present study received a self-test
package on the same day as the patch test was applied on the
back. The self-test used in the study, Nixema® (Mekos Labora-
tories ApS, Hillerod, Denmark), was purchased at the hospital
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pharmacy. The self-test is a medical plaster that incorporates
two allergen patches with nickel sulphate, 0.16 mg/patch, and
fragrance mix, 0.35 mg/patch, respectively. The fragrance
mix contains the same substances as the patch test used on the
back. The technique and test substances in Nixema® self-test
are identical to those used in Mekostest® (former TRUE test)
(Mekos Laboratories ApS, Hillered, Denmark) (14, 15).

The Nixema® test package contained detailed written standard
instructions from the supplier as to how to apply the test on the
upper arm and how to evaluate the result. The patients applied
the self-test on the upper arm on the same day as the patch test
was applied on the back. The self-reading was carried out by
the patient on D3—4, before the appointment at the clinic. The
patient evaluated by scoring positive or negative on a recording
sheet, which was delivered to the investigator in a sealed enve-
lope that was not opened until analysis. The dermatologist then
read the patch test on both the back and the arm.

Statistical analysis
The data were analysed using SPSS version 15 (SPSS Inc.,
Chicago, IL, USA).

Sensitivity, specificity, negative/positive predictive values
and proportion of agreement were calculated using the patch
test results on the back, read by the dermatologist as “gold
standard”. These proportions were supplemented with 95%
confidence intervals (95% CI) using binominal distribution and
calculated with STATA version 10 software (College Station,
TX, USA). A y* test was used for comparison of proportions.
The study was approved by the ethics committee of Uppsala,
Sweden (2009/059).

RESULTS
Nickel allergy

Patch test as “gold standard” detected 24% nickel-
positive individuals (Orebro 24%, Solna 19%, Skane
26%). Forty-one women and five men were positive to
nickel in the patch test. In addition, three doubtful (IR
or +?) reactions were found. Self-test results read by
the patients compared with the established patch test
method read by dermatologists are shown in Table II.
Forty-six individuals evaluated the self-test as positive
for nickel and 33 of those were regarded as positive by
the “gold standard”. Another 13 individuals evaluated
the self-test as negative for nickel, even though it was
positive by the “gold standard”. Patch test results read
by the dermatologist at D3—4, at D7, and the conclusion
from both occasions (“gold standard”) are presented in
Table II. The result after one reading at D3—4 on the

Table I1. Self-test results read by the patient in relation to patch test results read by the dermatologist

Nickel patch test (dermatologist’s reading, back), n

Reading D34 Reading D7 ”Gold standard™®
Total,n  Positive® Negative Positive® Negative Positive® Negative
Self-test (patient’s reading, arm) Positive 46 30 16 31 15 33 13
Negative 145 9 136 12 133 13 132

Gold standard” is the conclusion from patch test reading by dermatologist on days 3 or 4 (D3—4) and day 7 (D7) combined.

Reactions classed as +, ++, or +++ are all regarded as positive.
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Table III. Calculated validity of the self-test in relation to
dermatologist's reading D 3—4 and “gold standard”

Reading D3-4
% (95%CI) n

”Gold standard™
% (95%CIl) n

Sensitivity 77 (61-89) 30/39  72(57-84)  33/46
Specificity 89 (83-94) 136/152 91 (85-95) 132/145
Positive predictive value 65 (50-79)  30/46 72 (57-84)  33/46
Negative predictive value 94 (89-97) 136/145 91 (85-95) 132/145
Proportion of agreement 87 (81-91) 166/191 86 (81-91) 165/191

*’Gold standard” is the conclusion from patch test reading by dermatologist
on D3—4 and D7.
CI: confidence interval.

back gave 39 nickel-positive individuals. Consequently,
15% of the reactions would have been missed with
reading only at D3—4.

The calculated sensitivity, specificity, and positive and
negative predictive values for the self-test are shown in
Table III. The sensitivity for the self-test was 72%, when
compared with “gold standard” patch test method. The
proportion of agreement was 86%. However, the validity
of the self-test was higher when compared with patch test
reading at D3—4 only, yielding a sensitivity of 77%.

When comparing the patients’ reading of the self-test
with the dermatologists’ reading of the self-test on the
arm on the same day (D3—4), somewhat better agree-
ment was found (Table V). The sensitivity was 89%
and the positive predictive value was 76%. However,
the highest agreement was found when comparing the
dermatologists’ reading of the self-test on the arm with
the reading of patch test on the back on the same day
(D3-4). Both the sensitivity and the positive predictive
value were then 84% and the proportion of agreement
was 94% (Table V).

Thirteen individuals reported nickel allergy from
self-test, but were nickel negative according to the
“gold standard” patch test. Among the false-positives,
54% had a history of atopic dermatitis vs. 43% among
the totals.

Fragrance allergy

The self-test for fragrance allergy gave 7 positive
individuals, whereas the “gold standard” patch test
gave 9 positive reactions. Due to the low number of
fragrance-positive individuals, we did not perform any
further analysis on fragrance allergy.

Table IV. Self-test result regarding nickel allergy read by the
patient in relation to the dermatologist s reading of the same test
(on the arm) D3—4

Dermatologist’s reading D3—4, arm, n

Positive® Negative  Total
Self-test, patient’s Positive 34 11 45
reading, arm Negative 4 136 140

“Reactions classed as +, ++, or +++ are all regarded as positive.
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Table V. Nickel patch test results read by the dermatologist.
Comparison between patch test (self-test applied by the patient)
on the arm and standardized patch test on the back

Dermatologist’s reading D3—4, back, n

Positive®  Negative Total
Dermatologist’s Positive® 32 6 38
reading D3—4, arm  Negative 6 141 147

“Reactions classed as +, ++, or +++ are all regarded as positive.

Drop-outs

In total, 243 patients were included, 52 (21%) of the
patients did not complete the study. Seventeen of those
did not successfully apply the self-test, six changed
their minds, five did not attend the second reading, and
another eight forgot the envelope with the result. For
the remaining 16 individuals, no reason was given.
The proportion of men/women was similar among
the drop-outs and the participants, and the mean age
was 40 vs. 44 years for drop-outs and participants,
respectively.

DISCUSSION

The present study has validated a tool for epidemiologi-
cal surveillance of nickel allergy. It is of importance to
follow the prevalence of contact allergy in the general
population. However, all the available methods have
limitations.

Standardized patch testing with readings performed
by a dermatologist on D3—4 and D7 is the most reliable
method to investigate the occurrence of contact allergy
and has, in the present study, been used as the “gold stan-
dard”. However, population-based studies that include
patch tests are expensive and have logistical problems,
since each individual has to visit the dermatology de-
partment several times. Thus, in most population-based
studies including patch testing, only one reading is per-
formed. When studying the prevalence of nickel allergy
with only one reading performed on D3, 10-15% of the
positive patch test reactions to nickel may be missed
because of delayed reactions (16). Results from the
present study were similar, and showed that 15% (7/46)
of positive patch test reactions would have been missed
with only one reading. A study by Thyssen et al. (17)
found that, with one reading performed on D2, 18-30%
of positive patch test reactions to nickel sulphate may be
missed. Uter et al. (18) compared patch test results for
nickel at D2 and D3, and found that 26.6% of the posi-
tive reactions appeared at D3 only, while 3.6% of weak
reactions at D2 were not considered allergic at D3.

Most studies on the occurrence of contact allergy
are based on clinical data from patients at dermatology
clinics (19-21). Obviously, people referred to a derma-
tology department constitute a selected group of patients



with skin symptoms, such as eczema, and cannot be
considered representative of the general population.

Another approach for epidemiological surveillance
is the CE-DUR method, which is discussed in studies
from Germany and Denmark (22, 23). This method
makes assumptions in order to estimate the 10-year
prevalence of contact allergy, using national patch test
sales information as well as clinical data. In the German
study (22), the authors concluded that the morbidity
data concerning contact allergy were in good accor-
dance with data from population-based epidemiologi-
cal studies. However, regarding nickel sensitization,
the 9-year prevalence was 2.3% and 5.5% in different
models, which is considerably lower than in studies in
the general population (3, 24). In Denmark the 10-year
prevalence of contact allergy measured by CE-DUR was
slightly lower than the previous prevalence estimates
from population-based studies in Denmark (23).

The use of questionnaires is another method for epide-
miological studies. However, estimating the prevalence
of contact allergy from self-reports seems to be difficult.
Previous studies have shown low validity in predicting
nickel allergy, with positive predictive values of 31%
(12), 54% (11, 25) and 59% (9). Thus, questions about
self-reported nickel allergy are not useful in epidemio-
logical studies as they strongly overestimate the true
prevalence.

The present study investigates whether self-testing
might be a method sensitive enough to follow the
prevalence of nickel allergy. The use of a self-test for
surveillance of contact allergy would be beneficial and
convenient for the investigator as well as for the test
persons. It would be cost-effective to distribute the test
and instructions by post and receive the answer without
the study subjects needing to arrange appointments,
transportation and take time off work. To the best of
our knowledge the only previous report concerning
contact allergy and self-testing is a conference presen-
tation (26). That study found a proportion of agreement
for nickel and fragrance mix together of 89.5% and a
sensitivity of 97.5%. In the present study the sensitivity
regarding nickel allergy was 72% and the proportion of
agreement was 86% when comparing the self-test for
nickel with the “gold standard” patch test. However,
most validations concerning contact allergy include
only one reading, and when the self-test results were
compared with the results read by a dermatologist on
D3-4 in this study, the sensitivity was 77%.

In the present study, there were 13 false-positive
answers regarding nickel allergy using the self-test and
13 false-negative estimations. A limitation of the self-test
is that only one reading is performed, which explains
some of the false-negative answers. Table IV shows the
discrepancies between the patients’ and the dermatolo-
gists’ reading. Our assumption is that these discrepancies
were mainly due to the interpretation of irritant or doubt-
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ful reactions as positives by the patient. The proportion
of patients with a history of atopic dermatitis was higher
among the false-positives than among the group as a
whole, which might contribute to more irritant reactions
and, consequently, false-positive evaluations.

The skin of the back is more responsive than that of
the arms and thighs, and only the upper back is recom-
mended for routine diagnostic patch testing (27, 28). For
practical reasons, however, a self-test has to be applied
on the arm. Table V illustrates the discrepancies in re-
lation to the test areas in the present study. Comparison
of the results from the two test areas shows that the
number of false-positives was the same as the number
of false-negatives, and the test area was accordingly not
of great importance in this study.

The study was performed at three different dermato-
logy departments, and, consequently, different derma-
tologists performed the patch test readings. This might
have influenced the results, but to minimize the risk, all
patch tests were read by specialists in dermatology. In
total, 243 individuals were included in this study, but
the proportion of drop-outs was high, at 21%. Some
patients had problems applying the self-test. More
clearly written instructions would probably improve
the participation rate.

All methods available for estimation of the occurrence
of nickel allergy have limitations, practical, economic,
or regarding validity. Awareness of these limitations is
important when evaluating results from epidemiological
studies. In the present study self-testing appears to be
a reasonable alternative method for estimation of the
prevalence of nickel allergy. However, the positive pre-
dictive value is critically dependent on the population
chosen and the prevalence of disease within that popu-
lation. This means that the positive predictive value may
not be transferable from the patient population in the
present study to the general population. Further testing
in the general population will be needed to determine
the usefulness of self-testing as an epidemiological tool
to follow the prevalence of nickel allergy.

ACKNOWLEDGEMENTS

The authors thank Ingalill Erikssohn, Ingrid Eriksson and
Ingliss Bryngelsson for skilful assistance. Anders Magnuson
is gratefully acknowledged for statistical assistance. The study
was supported by the Research Committee of Orebro County
and grants from the Welander-Finsen Foundation.

The authors declare no conflict of interest.

REFERENCES

1. Thyssen JP, Linneberg A, Menne T, Johansen JD. The
epidemiology of contact allergy in the general population
— prevalence and main findings. Contact Dermatitis 2007,
57:287-299.

2. Dotterud LK, Smith-Sivertsen T. Allergic contact sensiti-

Acta Derm Venereol 91



530

10.

11.

12.

13.

14.

15.

A. Josefson et al.

zation in the general adult population: a population-based
study from Northern Norway. Contact Dermatitis 2007;
56: 10-15.

. Nielsen NH, Menne T. Allergic contact sensitization in an

unselected Danish population. The Glostrup Allergy Study,
Denmark. Acta Derm Venereol 1992; 72: 456-460.

. Nielsen NH, Linneberg A, Menne T, Madsen F, Frolund L,

Dirksen A, et al. Allergic contact sensitization in an adult
Danish population: two cross-sectional surveys eight years
apart (the Copenhagen Allergy Study). Acta Derm Venereol
2001; 81: 31-34.

. Mortz CG, Lauritsen JM, Bindslev-Jensen C, Andersen

KE. Contact allergy and allergic contact dermatitis in
adolescents: prevalence measures and associations. The
Odense Adolescence Cohort Study on Atopic Diseases
and Dermatitis (TOACS). Acta Derm Venereol 2002; 82:
352-358.

. Stenberg B, Meding B, Svensson A. Dermatology in public

health —a model for surveillance of common skin diseases.
Scand J Public Health 2010; 38: 368-374.

. European Parliament and Council Directive 94/27 EC of 30

June 1994. Official Journal of the European Communities
1994. No L 188/1.

. Liden C. Legislative and preventive measures related to

contact dermatitis. Contact Dermatitis 2001; 44: 65—-69.

. Josefson A, Firm G, Meding B. Validity of self-reported

nickel allergy. Contact Dermatitis 2010; 62: 289-293.
Fors R, Persson M, Bergstrom E, Stenlund H, Stymne B,
Stenberg B. Nickel allergy — prevalence in a population
of Swedish youths from patch test and questionnaire data.
Contact Dermatitis 2008; 58: 80—87.

Fleming CJ, Burden AD, Forsyth A. Accuracy of questions
related to allergic contact dermatitis. Am J Contact Dermat
2000; 11: 218-221.

Mortz CG, Lauritsen JM, Bindslev-Jensen C, Andersen
KE. Nickel sensitization in adolescents and association
with ear piercing, use of dental braces and hand eczema.
The Odense Adolescence Cohort Study on Atopic Diseases
and Dermatitis (TOACS). Acta Derm Venereol 2002; 82:
359-364.

Fregert S. Manual of Contact Dermatitis. 2nd edn. Copen-
hagen: Munksgaard, 1981.

Lachapelle JM, Bruynzeel DP, Ducombs G, Hannuksela M,
Ring J, White IR, et al. European multicenter study of the
TRUE Test. Contact Dermatitis 1988; 19: 91-97.
Wilkinson JD, Bruynzeel DP, Ducombs G, Frosch PJ,
Gunnarsson Y, Hannuksela M, et al. European multicenter
study of TRUE Test, Panel 2. Contact Dermatitis 1990;
22:218-225.

Acta Derm Venereol 91

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lindberg M, Edman B, Fischer T, Stenberg B. Time trends
in Swedish patch test data from 1992 to 2000. A multi-centre
study based on age- and sex-adjusted results of the Swedish
standard series. Contact Dermatitis 2007; 56: 205-210.
Thyssen JP, Jensen CS, Johansen JD, Menne T. Results
from additional nickel patch test readings in a sample of
schoolgirls from the general population. Contact Dermatitis
2008; 59: 317-318.

Uter WJ, Geier J, Schnuch A. Good clinical practice in
patch testing: readings beyond day 2 are necessary: a con-
firmatory analysis. Members of the Information Network
of Departments of Dermatology. Am J Contact Dermat
1996; 7: 231-237.

de Groot AC, Maibach HI. Frequency of sensitization to
common allergens: comparison between Europe and the
USA. Contact Dermatitis 2010; 62: 325-329.

Uter W, Ramsch C, Aberer W, Ayala F, Balato A, Beliaus-
kiene A, et al. The European baseline series in 10 European
Countries, 2005/2006 — results of the European Surveillance
System on Contact Allergies (ESSCA). Contact Dermatitis
2009; 61: 31-38.

Matiz C, Hsu JW, Paz Castanedo-Tardan M, Jacob SE. Aller-
gic contact dermatitis in children: a review of international
studies. G Ital Dermatol Venereol 2009; 144: 541-556.
Schnuch A, Uter W, Geier J, Gefeller O. Epidemiology of
contact allergy: an estimation of morbidity employing the
clinical epidemiology and drug-utilization research (CE-
DUR) approach. Contact Dermatitis 2002; 47: 32-39.
Thyssen JP, Uter W, Schnuch A, Linneberg A, Johansen
JD. 10-year prevalence of contact allergy in the general
population in Denmark estimated through the CE-DUR
method. Contact Dermatitis 2007; 57: 265-272.

Mortz CG, Lauritsen JM, Bindslev-Jensen C, Andersen
KE. Prevalence of atopic dermatitis, asthma, allergic rhi-
nitis, and hand and contact dermatitis in adolescents. The
Odense Adolescence Cohort Study on Atopic Diseases and
Dermatitis. Br J Dermatol 2001; 144: 523-532.

Kieffer M. Nickel sensitivity: relationship between his-
tory and patch test reaction. Contact Dermatitis 1979; 5:
398-401.

Elsner P, Bjarnoe H, Aberer W, Brasch J. Efficacy and safety
of self-test device in contact dermatitis. Contact Dermatitis
2006; 55: 10.

Magnusson B, Hersle K. Patch test methods. II. Regional
variations of patch test responses. Acta Derm Venereol
1965; 45: 257-261.

Lindelof B. Regional variations of patch test response in
nickel-sensitive patients. Contact Dermatitis 1992; 26:
202-203.



