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Summary

Background Changing patterns of exposure lead to changes in the spectrum of contact
allergy in the general population and in patients patch tested for suspected contact allergy.
The main contact allergens (haptens) are assembled in the so-called ‘baseline series’.
Objectives To present the current spectrum of contact allergy to baseline series
allergens, and its temporal development over the last 12 years, based on data col-
lected by the 56 active departments of the trinational Information Network of
Departments of Dermatology (IVDK).

Methods Patch-test data, along with core demographic and clinical information,
subdivided into 4-year periods for all patients patch tested with the baseline ser-
ies in the IVDK, were analysed descriptively. Moreover, log-binomial regression
analysis addressed temporal trends of specific contact allergies, adjusted for
potentially confounding factors.

Results Among the 125 436 patients tested with the German baseline series, the
most common allergens were nickel (14-7%), fragrance mix I (8-1%), Myroxylon
pereirae resin (7-5%) and cobalt (5-2%), with no conclusive trend. The rise and
fall of contact allergy to methylchloroisothiazolinone/methylisothiazolinone
(MI), following (self-) regulation in the European Union, reflected the MI con-
tact allergy epidemic. Propolis showed a marked upward trend with a prevalence
of 3-94% during the period 2015-2018.

Conclusions Decreases in sensitization prevalence likely reflect reduced exposure, with
some lag, as seen with hydroxyisohexyl 3-cyclohexene carboxaldehyde. If no (suffi-
cient) decrease can be observed despite interventions, such as for nickel and chro-
mium, affected subgroups should be identified and their causative exposures
explored. Finally, increases such as that observed with propolis, certainly warrant tar-
geted investigation of the exposures driving sensitization, and possibly intervention.

What is already known about this topic?

e Contact allergy is prevalent in the general population.
e Surveillance based on clinical data offers timely information on trends concerning

certain allergens or subgroups at risk.

What does this study add?

e This analysis provides an update of the current contact allergy prevalence in Central
Europe, including time trends.

e This study describes the demographic and clinical profile of patients tested from
2007 to 2018.

e This research identifies contact allergens that require (further) preventive efforts.
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Contact allergy (contact sensitization) is a frequent condition
occurring at the population level, as recently demonstrated by
the results of the European Dermato-Epidemiology Network
Fragrance Study.' Similarly to previous smaller population-
based studies, certain exposures have been identified as risk
factors for specific contact allergy, e.g. nickel” or p-phenylene-
diamine.® However, as population-based patch-test studies are
rarely performed, owing to considerable costs, the bulk of epi-
demiological surveillance is provided by patient-based research,
ie. clinical epidemiological studies. In this context, the base-
line patch-test series, a collection of the most frequent or
important contact allergens (haptens) applied nonselectively to
all patients being patch tested, is perhaps the most important
diagnostic tool.” It offers a comparison between different sub-
groups of patients or patients over time, which is not distorted
by differential selection for patch testing, compared with other
allergens included in special series (‘aimed testing’). Evidently,
selection processes may differ between different countries and
health systems. This needs to be considered when comparing
results from different countries, e.g. from the European
Surveillance System on Contact Allergies network.”

The Information Network of Departments of Dermatology
(IVDK) is a trinational network of German-speaking countries
(Germany, Austria and Switzerland) with stable participation
during the past 12 years, thereby enabling a long-term com-
parison of the development of contact allergy prevalences. A
comparison between these countries is deliberately not
intended, as patch-testing standards and exposure conditions
in the three countries involved are regarded as similar. The
present analysis gives an overview of the overall pattern of
sensitization to baseline series haptens observed during the last
12 years in addition to the sex- and age-specific pattern. Fur-
thermore, time trends will be addressed concerning all base-
line series allergens, adjusting for patient characteristics that
could change during the study period, such as age and sex.

Materials and methods

The IVDK (https://www.ivdk.org) is a clinical surveillance
network established in 1988.° It comprises 60 departments, 56
of which are currently active, in three countries (two in Aus-
tria, five in Switzerland and the remainder from Germany).
Data are collected continuously throughout the year and trans-
mitted to the data centre in Gottingen twice a year in a pseu-
donymized fashion. Prior to being added to the IVDK database,
all new data must pass a standardized quality control process.”
For the present analysis, data for all patients patch tested
between 2007 and 2018 (both years inclusive) with the base-
line series of the German Contact Dermatitis Research Group
(DKG) (https://dkg.ivdk.org) were analysed. From a total of
141 762 patients consulting at least once, 125 436 (88-5%)
patients were tested with the baseline series [in cases of multi-
ple consultations involving the baseline series, observed in
about 1-7% of patients, one of the two (or more) consulta-
tions was randomly chosen for analysis]. Many IVDK depart-

ments are tertiary referral centres where the baseline series is

British Journal of Dermatology (2020) 183, pp857-865

not tested if an adequate test had been performed recently.
Patch tests were read on day 3 or, if no day-3 reading was
performed, on day 4 according to International Contact Der-
matitis Research Group/European Society of Contact Dermati-
tis (ESCD) standards as summarized recently,® partly refined
by the DKG.” Test preparations that changed over time were
aggregated into one, including methyldibromo glutaronitrile
(increase of test concentration from 0-2% to 0-3%), different
versions of Compositae mix, and use of 1% and, more often,
2% mercaptobenzothiazole. During the study period, Com-
positae mix from Chemotechnique Diagnostics (Vellinge, Swe-
den) was patch tested. Chemotechnique Diagnostics changed
the composition and name of Compositae mix in 2011. The
previous Compositae mix 5% in petrolatum (pet) included
Tanacetum vulgare 1%, Armica montana 0-5%, parthenolide 0-1%,
Chamomilla romana 2-4% and Achillea millefolium 1%. Compositae
mix II 5% pet, tested in the IVDK from October 2011
onwards, consists of Anthemis nobilis extract 1:2%, Chamomilla
recutita extract 1-2%, Achillea millefolium extract 1%, Tanacetum vul-
gare extract 1%, Amica montana extract 0-5% and parthenolide
0-1%.

In view of the long study period and time trends being of
interest, the descriptive results are stratified into three 4-year
intervals. This also concerns the patient population, which was
described according to the MOAHLFA factors (Male, Occupa-
tional, Atopic, Hand, Leg, Face dermatitis, Age > 40 years)‘m
Beyond the overall results, age- and sex-stratified results are
also of interest; such crude prevalences are presented in the
Supporting Information. All prevalences are accompanied by
95% confidence intervals (CIs).""

In addition, a log-binomial regression analysis for each of
the allergens was performed. A positive reaction (+ to +++)
vs. a nonpositive reaction (negative, doubtful or irritant) was
modelled as outcome. The following factors were used for
adjustment to account for differences in potentially relevant
characteristics of the patient populations: (i) sex, (ii) current
or previous atopic eczema, (iii) age and (iv) department, in
view of a (partly) changing contribution or other potentially
confounding effects from different departments. Log-binomial
regression analysis yields the (adjusted) prevalence ratio as risk
estimate with accompanying Cls. For data management at the
Gottingen data centre, SAS software version 9-4 (SAS Institute,
Cary, NC, USA) was used. For data analysis, R statistical soft-
ware version 3-6 (https://www.r-project.org) was utilized.

Results

Demographic and clinical characteristics

In total, 125 436 patients were patch tested with the baseline
series. Table 1 shows the MOAHLFA index of the patients
patch tested during the three periods. During these three peri-
ods, the age and sex distribution of patients changed slightly,
but significantly. The proportion of female patients increased
from 62:3% to 64-2% in the most recent period (y’-test, P <
0-001). In contrast, the proportion of patients aged 40 years
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or above was largely stable. The proportion of patients with
atopic eczema increased from 19-6% to 25-2% in the most
recent period (y’-test, P < 0-001). In contrast, a less pro-
nounced fluctuation in the proportion of patients with face
dermatitis, and a slight increase in the proportion of patients
with hand dermatitis and decrease in the proportion of
patients with leg dermatitis can be observed.

Descriptive analyses of patch-test results

In Table 2, the crude patch-test results for the three periods
are shown. Regarding the metals included in the baseline ser-
ies, limited variation and a stable overall temporal pattern is
evident. This can also be seen if reaction to ‘any metal’ (of
the three) is pooled (Figure 1). Among the preservatives,
methylchloroisothiazolinone (MCI)/methylisothiazolinone (MI)
and of course MI alone reflect the epidemic of MI contact
allergy in Central Europe to some extent; see also the analysis
of temporal evolution in Table 3 and Table S1 (see Supporting
Information), which illustrates year-by-year changes and thus
better depicts the increase, peak and decline of this epidemic.
The sensitization prevalence of formaldehyde is largely stable
above 1% in the patients who were consecutively tested.
Methyldibromo glutaronitrile was tested as part of the baseline
series initially at 0-3% pet, but since mid-2008 0-2% pet was
used until March 2016, and again at 0-3% pet from April
2016 onwards. The relative frequency of positive reactions
with the increased concentration is clearly higher. Paraben
mix caused few positive test reactions, with no observable
trend. Overall, 2-bromo-2-nitro-1,3-propanediol (bronopol)
and iodopropynyl butylcarbamate (IPBC) elicited positive reac-
tions in around 1% of patients, i.e. more commonly than
paraben mix.

Fragrances are represented in the baseline series with seven
different allergen preparations. For a few years, the emulsifier
sorbitan sesquioleate (SSO) 20% pet, which is used in fra-
grance mix (FM) I and some single constituents as an emulsi-
fier, has also been included.'? As it is possible, as a ‘worst-
case scenario’, that all patients who have positive reactions to
SSO and to FM T are, in fact, sensitized only to SSO, both
results were cross-tabulated in those 26 640 patients where
both allergens had been tested (SSO had been used by all
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departments only towards the end of the study period). Of
1710 patients positive to FM I, only 83 (4-9%) were also pos-
itive to SSO. Conversely, among all 190 patients with positive
patch-test reactions to SSO, the 83 patients above represented
43-7%. The odds ratio (OR) of association between both reac-
tions was 11-8 (P < 0-001). Of note, 107 (56:3%) patients
positive to SSO 20% pet did not react to the SSO 5% included
in FM L. FM I results based on patients not reacting to SSO
yielded a ‘corrected’ prevalence of 6:1%, (95% CI 5-8—6-4);
‘uncorrected’ for SSO reactivity, the crude prevalence estimate
was 6-4% (95% CI 6:1-6-7).

Regarding topical medicaments and excipients, bufexamac
had been patch tested until the end of 2013, when it was still
on the market in Germany and Austria.’® Lanolin alcohol
yielded a relatively stable prevalence of ~2—2-5% positive test
reactions, while cetearyl alcohol, added to the DKG baseline
series about 25 years ago, is a relatively rare allergen. Con-
cerning the overlap of positive reactions with lanolin alcohols,
241 patients reacted to both; this equates to 23-2% of the
1037 patients with positive reactions to cetearyl alcohol and
8:5% of the 2839 patients positive to lanolin alcohol.

The prevalence of contact allergy to thiuram mix was con-
stantly above 2%, while that of zinc diethyldithiocarbamate
(ZDEC), as one representative of dithiocarbamates tested, was
around one-quarter of this prevalence. In the 124 512 patients
tested with both allergens, 499 reacted to both thiuram mix and
ZDEC, corresponding to 78-3% of all patients positive to ZDEC
and 18-4% of those positive to thiuram mix (OR 1989, P <
0-001). All other markers, benzothiazole accelerators or the p-
phenylenediamine derivative used as an antioxidant, are well
below 1% prevalence in consecutively tested patients. Of the two
resin components tested in the study period, epoxy resin (digly-
cidylether of bisphenol A) yielded ~1-5% positive reactions.

Differences between male (36:7% overall) and female
patients regarding reactions to the baseline series are shown in
Table S2 (see Supporting Information). The age of patients
was considered by stratifying into a ‘young’ age group (up to
age 30 years), a ‘medium’ age group (age 31—65 years) and
an ‘old’ age group (66 years and above) (Table S3; see Sup-
porting Information). A sensitivity analysis excluding depart-
ments using 24-h patch-test application is presented in
Table S4 (see Supporting Information).

Table 1 The MOAHLFA index'® of patients patch tested with the baseline series during the three periods

Characteristic 2007-2010 20112014 20152018 All patients
Male 16 303 (37-7) 16 356 (36-5) 13 382 (35-8) 46 041 (36:7)
Occupational 6647 (15-4) 7578 (16-9) 6871 (18-4) 21 096 (16-8)
Atopic dermatitis 8501 (19-6) 10 450 (23-3) 9426 (25-2) 28 377 (22-6)
Hand dermatitis 11 996 (27-7) 13 382 (29-9) 12 245 (32-8) 37 623 (30)
Leg dermatitis 5194 (12) 4892 (10-9) 3626 (9-7) 13 712 (10-9)
Face dermatitis 6856 (15-8) 7398 (16-5) 5908 (15-8) 20 162 (16:1)

Age > 40 years 31127 (71-9)

32 606 (72-8)

26 748 (71-6) 90 481 (72:1)

Data are provided as n (%). MOAHLFA, Male, Occupational, Atopic, Hand, Leg, Face dermatitis, Age > 40 years. For comparison, the

MOAHLFA index of all patients consulting, including those not tested with the baseline series, is shown in the rightmost column.

© 2020 The Authors. British Journal of Dermatology
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Table 2 Patch-test results with the baseline series during the three periods, tested in 125 436 patients

2007-2010 20112014 2015-2018
Positive Positive Positive
Allergen Conc. N tests (%) 95% CI N tests (%) 95% CI N tests (%)  95% CI
Metals
Nickel sulfate 5 42 545 14 13-67—14-34 43 801 1443 14-1-14-76 36 491 16 15-62-16-38
Potassium dichromate 0-5 42987 417 3-98-4-36 44 328 328 3-11-3-45 37 048  4-46 4:26—4-68
Cobalt chloride 1 42 906 527 5-:06-5-49 44 213 484 4:64-5-04 36 918  5-52 5-29-5-76
Preservatives
MCI/MI (aq.) 0-01 43032 242 2-28-2-57 44332 4.74 4-54—4.94 36 890 3-67 3-48-3-87
MI (aq.) 0-05 8620 596 5-47-6-48 36 581 415 3:95-4-36
Formaldehyde (aq.) 1 43 033 0-98 0-89-1-07 44 378 1-16 1-07-1-27 37 006  1-25 1-14-1-37
Methyldibromo 0-2 24171 2-54 2:34-2-74 44 069 2:63 2:48-2-78 13 959 2.01 1-79-2-26
glutaronitrile
Methyldibromo 0-3 18 755 3-62 3:36-3-9 23 077 472 4-45-5
glutaronitrile
Paraben mix 16 43 029 093 0-85-1-03 44 366 0-64 0-57-0-72 36 983  0-79 0-71-0-89
2-Bromo-2-nitro-1,3- 0-5 42929 1-16 1-06—1-27 35790 0-68 0-6-0-77
propanediol
Iodopropynyl 0-2 8595 1-29 1-06-1-55 36 780  0-95 0-85-1-05
butylcarbamate
Fragrances
Fragrance mix I 8 42 832  7-56 7-31-7-82 44 096  9:52 9-25-9-8 35 873 7 6-74—7-27
Fragrance mix II 14 42 798 487 4-67-5-08 44 214 5-14 4:94-5-35 36 929 427 4-07-4-48
HICC 5 43 054 208 1-95-2-22 44 390 208 1-95-2-21 37 033 1.72 1-59-1-86
Myroxylon pereirae 25 42 943 74 7-15-7-65 44 255 821 7-96-8-47 37 010 663 6:37—6-88
Sorbitan sesquioleate® 20 27 452 07 0-61-0-81
Santalum album 10 1957 1-38 0-91-2 43 002 1-26 1-16-1-37 37 154 1-18 1-07-1-3
Jasminum spp. 5 1952 1-33 0-87—-1-95 43 012 1-47 1-36-1-59 37 142 1-28 1-17-1-4
Cananga odorata 10 1956  1-79 1-25-2-48 42 993  2:47 2-33-2-63 37 155  2:23 2-08-2-38
Plants (other)
Colophonium 20 42 984  3-87 3-69-4-06 44 308  3-85 3-67—4-03 37 060  3-67 3-48-3-87
Propolis 10 43 033  2:35 2:21-2-5 44 330 36 3-43-3-78 37 058 3-94 3:75-4-15
Oil of turpentine 10 43 008 2-16 2:03-2-3 44 378  1-18 1-08-1-28 36 992 0-74 0-65-0-83
Compositae mix 5 41 923 137 1-26-1-49 12 956 1-78 1-56-2-03
Compositae mix II 5 31 458 148 1-35-1-62 36 953 1-36 1-25-1-49
Medicaments, topical
Bufexamac 5 42 990  1-02 0-93-1-12 35772 076 0-68-0-86
Cetearyl alcohol 20 43 056  0-84 0-75-0-93 44 385 1-03 0-93-1-12 37 076  0-61 0-53-0-69
Lanolin alcohol 30 43 039  2:28 2-14-2-42 44 360 256 2:42-2-71 37 030 1-96 1-82-2-11
Rubber additives
Thiuram mix 1 42 999  2-12 1-99-2-26 44 300 2-14 2:01-2-28 36 931  2:32 2:17-2-48
Zinc diethyl 1 43 062  0-59 0-52-0-67 44 386  0-45 0-39-0-51 37 118 0-54 0-47-0-62
dithiocarbamate
Mercapto mix (CBS, 1 43 059  0-64 0-57-0-72 44 361 0-66 0-59-0-75 36 853 0-5 0-43-0-58
MBT, MOR)
Mercaptobenzothiazole 1 16 313  0-47 0-37-0-58
Mercaptobenzothiazole 2 43 025 0-65 0-58-0-73 44 378  0-55 0-49-0-63 20 609  0-59 0-49-0-71
IPPD 0-1 43 059  0-69 0-61-0-77 44 376 0-77 0-69-0-86 37 109  0-75 0-67-0-85
Resins/ glues
PTBFR 1 43 052 0-59 0-52-0-67 35777 0-5 0-43-0-58
Epoxy resin (DGEBA) 1 42 651 1-55 1-43-1-67 44 121 1-66 1-54-1-78 36 575 1-57 1-44—1-7

Conc., concentration tested in petrolatum, except where otherwise indicated; CI, confidence interval; aq., aqua; CBS, N-cyclohexyl-2-ben-
zothiazyl sulfenamide; DGEBA, diglycidyl ether of bisphenol A; HICC, hydroxyisohexyl 3-cyclohexene carboxaldehyde; IPPD, N-isopropyl-N-
phenyl-p-phenylenediamine; MBT, 2-mercaptobenzothiazole; MCI, methylchloroisothiazolinone; MI, methylisothiazolinone; MOR, mor-
pholinylmercaptobenzothiazole; PTBFR, p-tert-butylphenol formaldehyde resin. *Not a fragrance allergen, but is listed here as it is used as an
emulsifier in fragrance mix I. Allergens tested in less than 1000 patients overall have been omitted altogether. If less than 1000 patients were
tested in one period, the results for that period were omitted. During the 12 years, some allergens were withdrawn and others added, result-

ing in varying numbers tested within one 4-year period.
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Figure 1 Time trend of groups of allergens. Metals (blue), fragrances (red), preservatives (yellow), plant-based materials (green), rubber

(orange), and the overall yield in terms of the percentage of patient:

s positive to any allergen(s) of the baseline series (black). The groups of

allergens correspond to the categorization used in Tables 2 and 3. Resins/glues have not been aggregated as they comprised only two allergens

(but are included in the overall yield).

Mutltifactorial analysis of time trends

In a methodologically more elaborate attempt to quantify
changes in sensitization prevalence over time, a multifactorial,
mutually adjusted log-binomial regression analysis was per-
formed for each allergen (Table 3 and Table S1; see Support-
ing Information). Time trends are barely noticeable for nickel,
while chromium and cobalt show similar U-shaped patterns.
Concerning MI, a halved risk of sensitization was observed
when tested in 2018 compared with 2014, when it was
included in the baseline series. In contrast, MCI/MI had been
tested throughout, and thus also reflects the MI-related
increase by a 2-5-fold increased risk compared with baseline
in 2013, and a sharp decline almost to baseline levels there-
after. The time course of 2-bromo-2-nitro-1,3-propanediol
sensitization showed a marked decline.

FM I displayed an increased probability of sensitization by
approximately 40% in 2012 compared with 2007. Surpris-
ingly, both the increase and the later decrease are absolutely
steady. FM II and, more or less in parallel, hydroxyisohexyl
3-cyclohexene carboxaldehyde (HICC), show a considerable
downward trend only in the last 2 years of the study. The
trend for Myroxylon pereirae resin (MPR) mostly parallels that
seen for FM I, while for the three essential oils no significant
change can be seen as these began to be tested in 2011. In
contrast to colophonium, which does not display a detectible
trend, the sensitization prevalence of propolis started to
increase significantly by more than 80% since 2007. Oil of
turpentine displays a significant increase in the first few years,
compared with the reference year, but exhibits a sharp decline
from the year 2012 onwards. In contrast, the yield of positive
reactions to test allergens of the Compositae mixes, despite the
change of test preparations in 2011, has been largely stable.

© 2020 The Authors. British Journal of Dermatology

The two emulsifiers, lanolin and cetearyl alcohol, do not
show a conclusive temporal pattern in this analysis. Thiuram
mix similarly shows a stable probability of sensitization over
the years, as does ZDEC, if the curious offset in risk from the
reference year 2007 is disregarded. The same holds true for
the remaining rubber additives, notwithstanding some fluctua-
tion of risk, which deviates significantly in some of the years
from that found in the reference year. Regarding the two resin
components included, neither showed a notable time trend.

Discussion

This analysis of long-term contact allergy surveillance data
from the IVDK primarily provides an overview of the current
prevalence of contact sensitization to the most important aller-
gens (assembled in the baseline series). Moreover, the devel-
opment of contact allergy frequencies over time was subject
to an in-depth analysis adjusting for age and sex as a mini-
mum requirement'' and also for atopic eczema. These factors
are considered to be true patient characteristics. In contrast,
the anatomical site of dermatitis, such as hand, face and leg as
used in the MOAHLFA index, can be viewed as exposure sur-
rogates. Hence, to avoid overadjustment, the analysis of tem-
poral patterns was deliberately not adjusted for anatomical
site. The impact of interdepartmental variation is well known
in such large networks,'%"'* but was of lesser interest here,
and treated merely as an adjustment factor.

The crude prevalences in the three 4-year periods (Table 2)
provide a first impression of increasing or decreasing sensitiza-
tion frequencies and, of course, of the proportion of positive
reactions in general. However, in view of 11 departments
joining the IVDK network over the course of the study period
and seven dropping out during the final years of the study, on

British Journal of Dermatology (2020) 183, pp857-865
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Table 3 Results of multifactorial analyses (one for each allergen) quantifying the risk of sensitization associated with the year of patch testing

using the prevalence ratio

Allergen 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Metals

Nickel sulfate 1-01 0-90 0-89 0-93 0-93 0-97 0-98 1-01 1-04 1-10 1-01

Potassium dichromate 0-83 0-55 0-42 0-55 0-53 0-50 0-54 0-69 063 0-79 0-76

Cobalt chloride 0-94 0-71 0-58 0-69 0-74 0-73 0-69 0-76 0-70 0-87 0-93
Preservatives

MCI/MI (aq.) 1-00 1-07 1-55 1-.71 2-10 2-52 2-49 199 1.72 1-64 126

MI (aq.) 1-00 0-86 0-74 063 0-50

Formaldehyde (aq.) 0-81 0-81 0-79 0-79 1-03 1-06 1-11 1-22 1-08 0-99 0-88

Methyldibromo glutaronitrile 0-55 0-62 0-52 0-61 0-62 0-46 0-51 0-41 0-76 1-06 0-91

Paraben mix 0-85 0-96 0-39 0-58 075 0-39 0-44 0-71 0-49 0-77 0-71

2-Bromo-2-nitro-1,3-propanediol 1-20 091 0-41 0-67 0-51 0-34

Iodopropynyl butylcarbamate 1-00 0-71 0-86 0-92 0-65
Fragrances

Fragrance mix I 1-02 1-05 1-15 1-23 1-42 1-35 115727) 1-14 0-99 0-86 0-79

Fragrance mix II 0-93 0-87 1-01 0-91 0-99 1-03 0-99 0-88 0-92 0-79 0-70

HICC 0-98 0-82 0-85 0-91 0-82 0-96 0-79 0-81 0-70 0-73 0-62

Myroxylon pereirae 0-97 0-96 0-91 1-04 1-13 1-13 1-03 0-91 0-89 0-95 0-82

Sorbitan sesquioleate® 1-00 1-40 1-72 1-19

Santalum album 1-00 0-90 0-93 0-73 0-85 0-87 115233 0-88

Jasminum spp. 1-00 0-95 0-94 0-87 0-82 0-82 0-97 0-91

Cananga odorata 1-00 1-06 0-98 1-05 1-02 0-93 1-02 0-92
Plants (other)

Colophonium 0-97 1-04 0-95 1-01 1-00 0-90 0-98 0-99 0-89 0-97 0-92

Propolis 1-01 0-86 0-84 1-19 1-69 1-44 1-47 1-59 1-39 1-79 1-82

Oil of turpentine 0-66 125 1-60 0-92 0-37 0-45 0-69 0-62 0-45 0-26 0-16

Compositae mix 1-02 1-00 1-05 1-21 1-13 1-27 1-00 0-95 1-05 1-07 1-04
Medicaments, topical

Bufexamac 1-09 1-02 1-02 0-85 0-68 0-77

Cetearyl alcohol 0-80 0-90 1-00 1-38 1-42 0-99 0-98 0-60 0-64 0-90 0-90

Lanolin alcohol 1-13 1-20 1-28 1-33 1-16 1-41 1-41 1-34 1-22 0-85 0-87
Rubber additives

Thiuram mix 1-12 1-00 1-04 0-98 0-95 0-97 1-03 1-02 1-18 0-97 1-04

Zinc diethyl dithiocarbamate 0-60 0-48 0-52 0-47 0-41 0-46 0-46 0-51 0-48 0-61 0-53

Mercapto mix (CBS, MBT, MOR) 1-08 0-97 0-90 0-92 0-92 1-12 0-83 0-81 0-85 0-66 0-64

Mercaptobenzothiazole 0-85 0-78 0-75 0-70 0-68 0-71 0-53 0-76 0-55 061 0-64

IPPD 1-27 1-30 1-19 1-39 1-48 1-07 1-14 1-17 1-17 1-39 1-36
Resins/ glues

PTBFR 0-87 0-68 0-70 0-74 0-71 0-65 0-75

Epoxy resin (DGEBA) 1-25 1-13 0-96 1-09 1-00 1-24 1-12 1-22 1-07 1-00 1-05

aq., aqua; CBS, N-cyclohexyl-2-benzothiazyl sulfenamide; DGEBA, diglycidyl ether of bisphenol A; HICC, hydroxyisohexyl 3-cyclohexene car-

boxaldehyde; IPPD, N-isopropyl-N-phenyl-p-phenylenediamine; MBT, 2-mercaptobenzothiazole; MCI, methylchloroisothiazolinone; MI,

methylisothiazolinone; MOR, morpholinylmercaptobenzothiazole; PTBER, p-tert-butylphenol formaldehyde resin. *Not a fragrance allergen,

but is listed here as it is used as an emulsifier in fragrance mix I. The reference year is 2007, except if allergens were included in the baseline

series in later years. In this case, the first year of use is taken as reference. Results are additionally adjusted for contributing department, sex,

atopic eczema and age (dichotomized). Detailed results including confidence intervals are provided in Table S1 (see Supporting Information).

Significant risk estimates are provided in bold.

the one hand, and the well-known impact of department-
related factors on the spectrum of contact allergy diagnosis,
on the other, adjustment for department also seemed manda-
tory in the final analytical approach.

On the global scale of all patients who were patch tested, no
trend whatsoever can be seen concerning the three metals pre-
sent in the baseline series. However, the recent (albeit lim-
ited)'® success of nickel regulation will be reflected only in the
younger patients, as demonstrated by a stratified analysis of

British Journal of Dermatology (2020) 183, pp857-865

IVDK data.'® Older patients who acquired nickel allergy before
regulation will contribute to a high global nickel allergy preva-
lence, and the peak of age-related nickel allergy will move
towards higher age in the sense of a cohort effect. Conversely,
chromium allergy has markedly declined compared with the
reference year 2007, probably owing to chromium regulation
in cement (2003/53/EC) coming into force in the European
Union (EU) in 2005." Thereafter, it remained at a relatively
steady lower level and started to increase again in 2015, which

© 2020 The Authors. British Journal of Dermatology
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is difficult to interpret. A second main source of chromium
allergy, namely dichromate tanned leather, has been tackled by
another EU regulation (EU 301/2014), limiting content to < 3
mg kg~' [Annex XVII of regulation 1907/2006 (REACH)],
which came into force in May 2015. Hence, a further decline
would be expected, and the present slight increase must be
investigated carefully. The broad availability of a cobalt spot
test'® has increased knowledge of exposure to cobalt-releasing
metal items; nevertheless, the clinical relevance of cobalt con-
tact allergy is often difficult to determine.'?

The MCI/MI and MI trends are easily explained by the MI
contact allergy epidemic, which had its peak in Europe around
2013-2014.>° MCI/MI can serve as a long-term indicator for
MI contact allergy.”' In 2018, the pre-epidemic level of MCI/
MI had almost been reached, which can be regarded as a suc-
cess of the preventive measures implemented at the time,*°
which began with the industry recommendation in autumn
2013 not to use MI in leave-on cosmetics, and ended with a
ban of MI in leave-on cosmetics and a restriction of up to 15
parts per million in rinse-off products by the Cosmetics Regu-
lation. Nevertheless, MI and other isothiazolinones are still
important contact allergens, and exposure and sensitization
trends warrant close surveillance.”> While 2-bromo-2-nitro-
1,3-propanediol was phased out of the baseline series in
2013-2014, IPBC had been added, yielding positive reactions
in about 1% of the patients tested. Concerning patch testing
with formaldehyde in the IVDK, it should be noted that
formaldehyde is still tested at 1% aqua and not 2% aqua as
recommended in the European baseline series.>>"** However,
this recommendation refers to using a micropipette to dose
the allergen solution correctly (e.g. 15 pL for a small Finn
Chamber).® As this type of dosing is not usually employed in
the IVDK (and many other departments for that matter), over-
dosing by a factor of approximately two (with large variation)
may occur when the usual ‘drop technique’ is applied.”® Con-
sequently, the average dose/area applied, even in IVDK
departments, may thus be at least close to the target dose/
area. A similar consideration puts the low test concentration
used in the case of MI, namely, 500 parts per million
(0-05%) aqua, rather than the recommended 2000 parts per
million aqua, into perspective; also in this case, owing to the
likelihood of overdosing, the actual dose/area might rather
correspond to 1000 parts per million when micropipette dos-
ing is used, although this would still not equate to the recom-
mended 2000 parts per million.”® Nevertheless, the lack of
standardization by use of a micropipette when dosing water-
based allergen preparations is a limitation of the present data
and analysis.

The (adjusted) time trend of FM I reactions is peculiar. We
have noted an increase in sensitization prevalences to cinnamal
and cinnamyl alcohol among patients who tested positive to
FM I from 2008-2009 to 2012-2013,* which is possibly an
indication of changing exposures. However, no conclusive
explanation is currently available, except perhaps for an effect
of a pre-emptive withdrawal of Evemia prunastri (oak moss)
extract by industry, even before a ban of (chlor)atranol-

© 2020 The Authors. British Journal of Dermatology
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containing fragrance ingredients [i.e. this extract and also Evernia
furfuracea extract (tree moss)]. This was based on the 2012 Fra-
grance Opinion of the The Scientific Committee on Consumer
Safety (SCCS/1459/11)*® and will come into effect in August
2019 concerning newly launched products and in August 2021
concerning products sold. The third substance to be banned
according to this timeline is HICC, and a similar explanation
may hold true in terms of pre-emptive withdrawal. In the pre-
sent trend analysis, the decline from 2007 became consistently
significant in 2014, and in 2018 amounted to a 38% reduction
of HICC sensitization risk compared with 2007. This trend is
mostly mirrored in the FM II trend, of which HICC is the single
most important constituent. A recent review of the chemistry
and epidemiology of MPR has demonstrated that traditional
sources of exposure and sensitization have now vanished in
most countries.”’ Therefore, the clinical relevance of MPR con-
tact allergy is notoriously difficult to explain, particularly to the
sensitized patient. As only a small proportion of patients posi-
tive to FM I are, at the same time, positive to SSO, the preva-
lence estimate for FM I contact allergy is hardly affected by
considering SSO or not. However, in individual patient man-
agement, a false diagnosis of fragrance allergy (specifically con-
tact allergy to one or more FM I ingredients) as a result of
interfering SSO sensitization should certainly be avoided.'?
Three essential oils have been added to the German baseline
series in 2011, showing sensitization prevalences of around
1%. However, only extended labelling will enable assessment
of clinical relevance, and avoidance of future contact for the
patient. Propolis has been tested in the German baseline series
for a long time and has recently found its way into the Euro-
pean baseline series,23 which seems warranted in view of a
considerable sensitization prevalence.

Adhesives applied to human skin may still contain colopho-
nium and derivatives, as recently seen in some medical

. 3031
devices.

In contrast to a steady prevalence of colophonium
allergy, positive reactions to oil of turpentine are dwindling;
however, this is a high-volume raw material in fragrance pro-
duction.”® Compositae mix yielded a moderate number of
positive reactions. The poor standardization of this mix,
together with some concerns regarding active sensitization,>”
warrant research into alternative strategies for investigating
this plant allergen family.

The importance of thiuram mix is steady over time, although
thiurams have increasingly been replaced by other accelerators,
including dithiocarbamates. As thiurams and corresponding
dithiocarbamates constitute a redox pair, thiuram mix is also
regarded as a good marker for dithiocarbamate contact allergy.*?
In the context of consecutive patch testing, the other rubber
allergens yielded a much lower prevalence of positive reactions.
An additional ‘rubber series’ should be tested regularly, espe-

34,35

cially in an occupational context. Epoxy resins, including

other resins, hardeners and reactive diluents to be tested in a

special series, continue to be an important, mostly occupational,

contact allergen, e.g. in the construction industry.'”-*¢

A strength of the present study is the size of the database

analysed, enabling adjustment for multiple potential
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confounders. Moreover, the patch-test allergens are derived
from a homogeneous source, and the IVDK regularly meets for
standardization purposes. With respect to limitations of the
present multicentre routine data,>’ day-7 readings are recom-
mended in the ESCD patch-test guideline, because overall,
approximately 10—15% of positive reactions would otherwise
be missed.® Hence, the prevalences in the present analysis may
underestimate true morbidity. However, as the reading strategy
did not change during the study period, the temporal analysis
is not biased. Another limitation of this study is the inability to
link an allergic reaction to information that is collected on a
case-wise basis (and not allergen-wise basis), such as the
anatomical site of dermatitis, in the documentation system cur-
rently used. We are hopeful that a new concept regarding the
final evaluation of patients who undergo patch testing and the
documentation of clinical relevance of allergic patch-test reac-
tions that has recently been suggested will be adopted at some
stage, thereby enabling better individual documentation and
detailed epidemiological analysis.*®
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Additional Supporting Information may be found in the online
version of this article at the publisher’s website:

Table S1 Results of multifactorial analyses (one for each
allergen) quantifying the risk of sensitization associated with
the year of patch testing by the prevalence ratio, accompanied
by 95% confidence intervals.

Table S2 Sex-stratified results in patients patch tested
between 2007 and 2018 in 60 departments of the Information
Network of Departments of Dermatology (IVDK) in terms of
crude prevalences, accompanied by 95% confidence intervals.

Table S3 Patch-test results stratified for age groups in
125 436 patients patch tested between 2007 and 2018 in 60
departments of the Information Network of Departments of
Dermatology (IVDK) in terms of crude prevalences, accompa-
nied by 95% confidence intervals.

Table S4 Sensitivity analysis excluding departments using
24-h patch-test application.

Table S5 The members of the Information Network of
Departments of Dermatology (IVDK) are gratefully acknowl-
edged for contributing data.
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Online supplemental table S1: Results of multifactorial analyses (one for each allergen) quantifying the risk of sensitisation associated

with the year of patch testing by the prevalence ratio (PR), accompanied by 95% confidence intervals (CIs). The reference year is 2007,

except if allergens were included in the baseline series in later years. In this case, the first year of use is taken as reference, see table.

Results are additionally adjusted for contributing department, gender, atopic eczema and age (dichotomised).

Allergen 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Metals

Nickel sulfate 1.01( 090( 0.89( 093( 093( 097( 098( 1.01( 1.04( 1120( 1.01¢
0.95- 0.84- 0.83- 0.87- 0.87- 0.91- 0.92- 0.95- 0.97- 1.03- 0.94-
1.07) 0.96) 0.94) 0.99) 0.99) 1.04) 1.04) 1.08) 1.11) 1.17) 1.08)
Potassium dichromate 083( 055( 042( 055( 053( O050( O054( 069( 063( 079( 0.76¢(
0.74- 0.49- 0.36- 0.49- 0.46- 0.44- 0.48- 0.61- 0.56- 0.70- 0.67-
0.92) 0.63) 0.48) 0.62) 0.60) 0.57) 0.62) 0.77) 0.72) 0.88) 0.86)
Cobalt chloride 094( 071( 058( 069( 074( 073( 069( 076( 070( 087( 0.93¢(
0.85- 0.64- 0.51- 0.62- 0.67- 0.65- 0.61- 0.68- 0.63- 0.78- 0.83-
1.04) 0.80) 0.65) 0.77) 0.83) 0.81) 0.77) 0.85) 0.79) 0.97) 1.04)

Preservatives
MCI/MI (aq.) 1.00( 21.07( 155( 171( 210( 252( 249( 199( 172( 164( 1.26(
0.83- 0.89- 1.31- 1.46- 1.79- 2.16- 2.13- 1.70- 1.45- 1.38- 1.04-
1.20) 1.28) 1.83) 2.02) 2.46) 2.95) 2.91) 2.34) 2.04) 1.95) 1.52)
Ml (aq.) 1.00 086( 074( 063( 0.50(
(ref.) 0.76- 0.66- 0.55- 0.43-
0.97) 0.85) 0.72) 0.58)



Formaldehyde (aq.)

Methyldibromo

glutaronitrile

Paraben mix

2-Bromo-2-nitro-1,3-

propanediol

lodopropynyl

butylcarbamate

Fragrances

Fragrance mix |

Fragrance mix 11

0.81 (
0.62-
1.06)
0.55 (
0.47-
0.64)
0.85 (
0.65-
1.10)
1.20 (
0.95-
1.50)

1.02 (
0.92-
1.12)
0.93 (
0.83-
1.05)

0.81 (
0.62-
1.05)
0.62 (
0.54-
0.72)
0.96 (
0.75-
1.24)
0.91 (
0.72-
1.16)

1.05 (
0.95-
1.15)
0.87 (
0.77-
0.99)

0.79 (
0.61-
1.03)
0.52 (
0.45-
0.60)
0.39 (
0.28-
0.54)
0.41 (
0.30-
0.55)

1.15 (
1.05-
1.26)
1.01 (
0.90-
1.14)

0.79 (
0.61-
1.03)
0.61 (
0.53-
0.70)
0.58 (
0.44-
0.77)
0.67 (
0.52-
0.87)

1.23 (
1.12-
1.35)
0.91 (
0.81-
1.02)

1.03 (
0.80-
1.32)
0.62 (
0.54-
0.71)
0.75 (
0.57-
0.98)
0.51 (
0.38-
0.67)

1.42 (
1.30-
1.55)
0.99 (
0.88-
1.11)

1.06 (
0.83-
1.35)
0.46 (
0.39-
0.53)
0.39 (
0.28-
0.54)
0.34 (
0.24-
0.47)

1.35 (
1.23-
1.48)
1.03 (
0.92-
1.16)

1.11 (
0.87-
1.42)
0.51 (
0.43-
0.59)
0.44 (
0.32-
0.61)

1.00
(ref.)

1.22 (
1.11-
1.34)
0.99 (
0.88-
1.11)

1.22 (
0.95-
1.55)
0.41 (
0.35-
0.49)
0.71 (
0.54-
0.94)

0.71 (
0.53-
0.93)

1.14 (
1.03-
1.25)
0.88 (
0.78-
1.00)

1.08 (
0.83-
1.39)
0.76 (
0.66-
0.87)
0.49 (
0.36-
0.68)

0.86 (
0.65-
1.13)

0.99 (
0.89-
1.10)
0.92 (
0.81-
1.04)

0.99 (
0.76-
1.28)
1.06 (
0.93-
1.20)
0.77 (
0.58-
1.02)

0.92 (
0.70-
1.22)

0.86 (
0.77-
0.96)
0.79 (
0.69-
0.90)

0.88 (
0.66-
1.16)
0.91 (
0.80-
1.05)
0.71 (
0.53-
0.96)

0.65 (
0.47-
0.89)

0.79 (
0.70-
0.88)
0.70 (
0.60-
0.80)



HICC

Myroxylon pereirae

Sorbitan sesquioleate®

Santalum album

Jasminum spp.

Cananga odorata

Plants (other)

Colophonium

0.98 (
0.81-
1.17)
0.97 (
0.88-
1.07)

0.97 (
0.85-
1.12)

0.82 (
0.68-
0.99)
0.96 (
0.88-
1.06)

1.04 (
0.91-
1.18)

0.85 (
0.71-
1.02)
0.91 (
0.83-
1.00)

0.95 (
0.83-
1.09)

0.91 (
0.76-
1.09)
1.04 (
0.95-
1.13)

1.00
(ref)

1.00
(ref.)

1.00
(ref.)

1.01 (
0.89-
1.15)

0.82 (
0.68-
0.99)
1.13 (
1.03-
1.24)

0.90 (
0.71-
1.12)
0.95 (
0.77-
1.18)
1.06 (
0.90-
1.26)

1.00 (
0.88-
1.14)

0.96 (
0.80-
1.15)
1.13 (
1.03-
1.24)

0.93 (
0.74-
1.16)
0.94 (
0.76-
1.17)
0.98 (
0.83-
1.16)

0.90 (
0.78-
1.03)

0.79 (
0.66-
0.96)
1.03 (
0.94-
1.13)

0.73 (
0.57-
0.93)
0.87 (
0.70-
1.09)
1.05 (
0.89-
1.24)

0.98 (
0.85-
1.12)

0.81 (
0.67-
0.97)
0.91 (
0.82-
1.00)
1.00
(ref)

0.85 (
0.67-
1.09)
0.82 (
0.65-
1.03)
1.02 (
0.86-
1.21)

0.99 (
0.86-
1.13)

0.70 (
0.57-
0.85)
0.89 (
0.80-
0.98)
1.40 (
0.71-
2.74)
0.87 (
0.67-
1.12)
0.82 (
0.65-
1.05)
0.93 (
0.78-
1.12)

0.89 (
0.77-
1.03)

0.73 (
0.59-
0.89)
0.95 (
0.86-
1.05)
1.72(
0.89-
3.34)
1.23 (
0.98-
1.56)
0.97 (
0.77-
1.23)
1.02 (
0.85-
1.22)

0.97 (
0.84-
1.12)

0.62 (
0.50-
0.78)
0.82 (
0.73-
0.91)
1.19 (
0.60-
2.37)
0.88 (
0.67-
1.14)
0.91 (
0.71-
1.16)
0.92 (
0.76-
1.12)

0.92 (
0.79-
1.07)



Propolis

Oil of turpentine

Compositae mix

Medicaments, topicals

Bufexamac

Cetearyl alcohol

Lanolin alcohol

Rubber additives

Thiuram mix

1.01 (
0.85-
1.19)
0.66 (
0.53-
0.83)
1.02 (
0.80-
1.30)

1.09 (
0.84-
1.43)
0.80 (
0.59-
1.08)
1.13 (
0.94-
1.36)

1.12 (
0.93-

0.86 (
0.73-
1.03)
1.25 (
1.04-
1.50)
1.00 (
0.79-
1.27)

1.02 (
0.78-
1.34)
0.90 (
0.67-
1.20)
1.20 (
1.00-
1.44)

1.00 (
0.83-

0.84 (
0.71-
1.00)
1.60 (
1.34-
1.90)
1.05 (
0.83-
1.32)

1.02 (
0.78-
1.33)
1.00 (
0.76-
1.33)
1.28 (
1.07-
1.53)

1.04 (
0.87-

1.19 (
1.02-
1.39)
0.92 (
0.75-
1.12)
1.21 (
0.97-
1.51)

0.85 (
0.64-
1.12)
1.38 (
1.06-
1.80)
1.33 (
1.12-
1.59)

0.98 (
0.81-

1.69 (
1.45-
1.96)
0.37 (
0.29-
0.48)
1.13 (
0.90-
1.42)

0.68 (
0.50-
0.92)
1.42 (
1.00-
1.85)
1.16 (
0.97-
1.40)

0.95 (
0.79-

1.44 (
1.24-
1.68)
0.45 (
0.36-
0.58)
1.27 (
1.01-
1.59)

0.77 (
0.57-
1.03)
0.99 (
0.74-
1.32)
1.41 (
1.18-
1.69)

0.97 (
0.81-

1.47 (
1.26-
1.71)
0.69 (
0.56-
0.86)
1.00 (
0.78-
1.26)

0.98 (
0.73-
1.31)
1.41 (
1.18-
1.68)

1.03 (
0.86-

1.59 (
1.36-
1.85)
0.62 (
0.50-
0.78)
0.95 (
0.74-
1.21)

0.60 (
0.43-
0.85)
1.34 (
1.11-
1.60)

1.02 (
0.85-

1.39 (
1.18-
1.63)
0.45 (
0.34-
0.58)
1.05 (
0.82-
1.34)

0.64 (
0.45-
0.90)
1.22 (
1.01-
1.48)

1.18 (
0.98-

1.79 (
1.54-
2.10)
0.26 (
0.19-
0.36)
1.07 (
0.84-
1.37)

0.90 (
0.65-
1.23)
0.85 (
0.68-
1.05)

0.97 (
0.80-

1.82(
1.55-
2.14)
0.16 (
0.10-
0.24)
1.04 (
0.81-
1.35)

0.90 (
0.65-
1.25)
0.87 (
0.70-
1.09)

1.04 (
0.85-



Zinc diethyl

dithiocarbamate

Mercapto mix (CBS-

MBTS-MOR)

Mercaptobenzothiazole

IPPD

Resins/glues
PTBFR

Epoxy resin (DGEBA)

1.35)
0.60 (
0.43-
0.83)
1.08 (
0.77-
1.50)
0.85 (
0.62-
1.18)
1.27 (
0.91-
1.79)

0.87 (
0.62-
1.22)
1.25 (
1.00-
1.55)

1.21)
0.48 (
0.34-
0.67)
0.97 (
0.69-
1.36)
0.78 (
0.56-
1.08)
1.30 (
0.93-
1.81)

0.68 (
0.48-
0.97)
1.13 (
0.91-
1.41)

1.25)
0.52 (
0.37-
0.72)
0.90 (
0.64-
1.27)
0.75 (
0.54-
1.03)
1.19 (
0.85-
1.66)

0.70 (
0.50-
0.99)
0.96 (
0.77-
1.20)

1.17)
0.47 (
0.33-
0.66)
0.92 (
0.66-
1.29)
0.70 (
0.51-
0.97)
1.39 (
1.00-
1.91)

0.74 (
0.52-
1.04)
1.09 (
0.87-
1.35)

1.15)
0.41 (
0.28-
0.58)
0.92 (
0.66-
1.29)
0.68 (
0.48-
0.95)
1.48 (
1.07-
2.04)

0.71 (
0.50-
1.01)
1.00 (
0.80-
1.25)

1.17)
0.46 (
0.33-
0.65)
1.12 (
0.81-
1.55)
0.71 (
0.51-
0.99)
1.07 (
0.76-
1.51)

0.65 (
0.45-
0.94)
1.24 (
1.00-
1.53)

1.24)
0.46 (
0.32-
0.65)
0.83 (
0.59-
1.18)
0.53 (
0.37-
0.76)
1.14 (
0.81-
1.60)

0.75 (
0.36-
1.54)
1.12 (
0.90-
1.39)

3 Not a fragrance allergen, but listed along these as SSO is used as emulsifier in fragrance mix |

1.23)
0.51 (
0.36-
0.71)
0.81 (
0.57-
1.15)
0.76 (
0.55-
1.06)
1.17 (
0.83-
1.65)

1.22 (
0.98-
1.52)

1.43)
0.48 (
0.34-
0.69)
0.85 (
0.59-
1.22)
0.55 (
0.38-
0.81)
117 (
0.82-
1.66)

1.07 (
0.85-
1.35)

1.18)
0.61 (
0.44-
0.86)
0.66 (
0.44-
0.98)
0.61 (
0.42-
0.89)
1.39 (
0.98-
1.95)

1.00 (
0.79-
1.26)

1.27)
0.53 (
0.37-
0.76)
0.64 (
0.42-
0.97)
0.64 (
0.44-
0.94)
1.36 (
0.95-
1.94)

1.05 (
0.82-
1.34)



Online supplemental table S2: Gender-stratified results in patients patch tested between 2007 and 2018 in 60 departments of the IVDK

in terms of crude prevalences, accompanied by 95% confidence intervals (ClIs). ); Conc., concentration tested in petrolatum, except where

otherwise indicated: aqg., water

Male Male Female Female

Allergen Conc. tested pos. %  (95% CI) tested poSs. % (95% CI)

Metals

Nickel sulfate 5 45481 2397 527  (5.07- 77356 15716 20.32  (20.03-
5.48) 20.6)

Potassium dichromate 0.5 45596 1993 437  (4.19- 78767 2905 3.69 (3.56-3.82)
4.56)

Cobalt chloride 1 45583 1632 358  (3.41- 78454 4804 6.12 (5.96-6.29)
3.75)

Preservatives

MCI/MI (aq.) 0.01 45531 1503 3.3 (3.14- 78723 2995 3.8 (3.67-3.94)
3.47)

Ml (aq.) 0.05 16251 674 415  (3.85- 28950 1358 4.69 (4.45-4.94)
4.47)

Formaldehyde (aq.) 1 45622 499 1.09 (1-1.19) 78795 901 1.14  (1.07-1.22)

Methyldibromo glutaronitrile 0.2 30103 808 2.68 (2.5-2.87) 52096 1245 2.39 (2.26-2.52)

Methyldibromo glutaronitrile 0.3 15466 713 4.61 (4.28- 26658 1061 3.98 (3.75-4.22)
4.95)

Paraben mix 16 45561 492 1.08  (0.99- 78817 490 0.62 (0.57-0.68)



2-Bromo-2-nitro-1,3-propanediol
lodopropynyl butylcarbamate
Fragrances

Fragrance mix |

Fragrance mix 11

HICC

Myroxylon pereirae

Sorbitan sesquioleate®

Santalum album

Jasminum spp.

Cananga odorata

Plants (other)
Colophonium

Propolis

0.5

0.2

14

25
20

10

10

20
10

29290

16328

45061

45458

45625

45563
9895

29696

29700

29684

45592
45611

301

171

3090

1911

694

3203
79

370

362

651

1581
1502

1.03

1.05

6.86

4.2

1.52

7.03
0.8

1.25

1.22

2.19

3.47
3.29

1.18)

(0.92—

1.15)
(0.9-1.22)

(6.63—
7.09)
(4.02—
4.39)
(1.41-
1.64)
(6.8-7.27)
(0.63—
0.99)
(1.12—
1.38)
(1.1-1.35)
(2.03-
2.37)

(3.3-3.64)
(3.13—

49792

29047

77740

78483

78852

78645
17557

52417

52406

52420

78760
78810

444

289

6857

4027

1762

6060
114

639

772

1275

3148
2570

0.89

0.99

8.82

5.13

2.23

7.71
0.65

1.22

1.47
2.43

3.26

(0.81-0.98)

(0.88-1.12)

(8.62-9.02)

(4.98-5.29)

(2.13-2.34)

(7.52-7.89)
(0.54-0.78)

(1.13-1.32)

(1.37-1.58)

(2.3-2.57)

(3.86-4.14)
(3.14-3.39)



Oil of turpentine
Compositae mix

Compositae mix Il

Medicaments, topicals

Bufexamac

Cetearyl alcohol

Lanolin alcohol

Rubber additives

Thiuram mix

Zinc diethyl dithiocarbamate

Mercapto mix
(CBS,MBTS,MOR)

Mercaptobenzothiazole

Mercaptobenzothiazole
IPPD

10

20

30

0.1

45586

20397

24772

29311

45641

45615

45538

45659
45507

5739

39787
45642

591

291

361

215

396

959

975

242
374

39

311
432

1.3

1.43

1.46

0.73

0.87

2.1

2.14

0.53
0.82

0.68

0.78
0.95

3.46)
(1.19-1.4)
(1.27-1.6)

(1.31-

1.61)

(0.64—
0.84)
(0.78—
0.96)
(1.97-
2.24)

(2.01-
2.28)
(0.47-0.6)
(0.74—
0.91)
(0.48—
0.93)
(0.7-0.87)
(0.86—

78792

34493

43639

49814

78876

78814

78692

78907
78766

10574

68225
78902

1133

514

609

497

646

1885

1744

412
383

37

337
488

144
1.49
14

0.82

2.39

2.22

0.52
0.49

0.35

0.49
0.62

(1.36-1.52)

(1.36-1.62)

(1.29-1.51)

(0.91-1.09)

(0.76-0.88)

(2.29-2.5)

(2.11-2.32)

(0.47-0.57)
(0.44-0.54)

(0.25-0.48)

(0.44-0.55)
(0.56-0.68)



1.04)

Resins/glues

PTBFR 1 29330 134 046  (0.38- 49862 301 0.6 (0.54-0.68)
0.54)

Epoxy resin (DGEBA) 1 45327 1038 229  (2.15- 78020 927 119 (1.11-1.27)
2.43)

3 Not a fragrance allergen, but listed along these as SSO is used as emulsifier in fragrance mix |

Allergens tested in less than 1000 patients overall have been omitted.

CBS, N-cyclohexyl-2-benzothiazyl sulfenamide; DGEBA, diglycidyl ether of bisphenol A; HICC, hydroxyisohexyl 3-cyclohexene
carboxaldehyde; IPPD, N-isopropyl-N-phenyl-p-phenylenediamine; MBT, 2-mercaptobenzothiazole; MCI, methylchloroisothiazolinone;
MI, methylisothiazolinone; MOR, morpholinylmercaptobenzothiazole; PTBFR, p-tert-butylphenol formaldehyde resin



Online supplemental table S3: Patch test results stratified for age groups in 125436 patients patch tested between 2007 and 2018 in 60

departments of the VDK in terms of crude prevalences, accompanied by 95% confidence intervals (Cls). ‘Young’ age group (until age

30); ‘middle’ age group (age 31 to 65); ‘old” age group (66 and above). ); Conc., concentration tested in petrolatum, except where

otherwise indicated: aq., water

Young Middle Old
Allergen Conc. tested % (95% CI) tested % (95% CI)  tested % (95% CI)
Metals
Nickel sulfate 5 20672 1477  (14.29- 73712 17.82 (17.54— 28449  6.76 (6.47—
15.26) 18.1) 7.06)
Potassium dichromate 0.5 20893 3.11 (2.88- 74911 429 (4.15-4.44) 28555 3.62 (3.41-
3.36) 3.84)
Cobalt chloride 1 20813 6.78 (6.45— 74666 56 (5.44-5.77) 28554 295 (2.75—
7.13) 3.15)
Preservatives
MCI/MI (aq.) 0.01 20841 3.98 (3.72— 74880 3.69 (3.55-3.82) 28529 3.18 (2.98-
4.26) 3.39)
Ml (aq.) 0.05 7541 4.28 (3.84- 27783 479 (4.54-5.04) 9874 3.84 (3.47-
4.76) 4.24)
Formaldehyde (aq.) 1 20879 1.06 (0.93- 74993 125 (1.17-1.33) 28541 0.84 (0.73-
1.21) 0.95)
Methyldibromo glutaronitrile 0.2 13731 1.57 (1.36- 49450 258 (2.44-2.72) 19016 2.96 (2.72—
1.79) 3.21)



Methyldibromo glutaronitrile
Paraben mix
2-Bromo-2-nitro-1,3-
propanediol

lodopropynyl butylcarbamate

Fragrances

Fragrance mix |

Fragrance mix 11

HICC

Myroxylon pereirae

Sorbitan sesquioleate®

Santalum album

Jasminum spp.

0.3

16
0.5

0.2

14

25

20

10

7127

20864
13321

7555

20644

20816

20889

20882

4541

13694

13688

1.99

0.71
0.49

0.64

4.66

2.53

0.96

3.37

0.68

1.08

0.91

(1.68-
2.34)
(0.6-0.83)
(0.38-
0.62)
(0.47-
0.84)

(4.38-
4.96)
(2.32-
2.75)
(0.83-1.1)

(3.13-
3.63)
(0.46—
0.97)
(0.91-
1.27)
(0.75-
1.08)

25481

74973
47110

27926

73923

74661

75036

74887

17017

49934

49932

4.56

0.77
0.98

1.07

8.07

5.11

2.36

7.14

0.63

1.2

1.25

(4.31-4.82)

(0.71-0.83)
(0.89-1.07)

(0.95-1.19)

(7.87-8.27)

(4.95-5.27)

(2.25-2.47)

(6.96-7.33)

(0.52-0.76)

(1.1-1.29)

(1.15-1.35)

9514

28537
18650

9891

28230

28460

28548

28435

5892

18481

18482

4.93 (4.5-5.38)

0.9 (0.8-1.02)
118  (1.03-
1.35)
115  (0.95-
1.38)
10.69  (10.34-
11.06)
562  (5.35-
5.89)
17 (155
1.86)
113 (10.93-
11.67)

0.93 (0.7-1.21)

143  (1.26-
1.61)
21 (1.9-2.32)



Cananga odorata

Plants (other)
Colophonium

Propolis

Oil of turpentine

Compositae mix

Compositae mix Il

Medicaments, topicals

Bufexamac

Cetearyl alcohol

Lanolin alcohol

Rubber additives

Thiuram mix

10

20

10

10

20

30

13692

20887

20880

20875

9251

11458

13334

20895

20895

20856

1.75

3.3

2.22

0.78

1.03

0.77

0.86

0.36

2.19

2.22

(1.54-
1.99)

(3.07-
3.55)
(2.03-
2.43)
(0.66-0.9)

(0.83-
1.25)
(0.62—
0.95)

(0.71-
1.03)
(0.28—
0.45)
(1.99-
2.39)

(2.02-

49928

74941

75006

74978

32570

41806

47144

75068

74999

74839

2.27

3.32

141

1.5

1.5

0.88

0.68

2.05

2.36

(2.14-2.41)

(3.86-4.14)

(3.19-3.45)

(1.33-1.5)

(1.37-1.64)

(1.38-1.62)

(0.79-0.96)

(0.62-0.74)

(1.95-2.16)

(2.25-2.47)

18480

28520

28531

28521

13069

15143

18646

28550

28531

28531

2.99

3.65

3.93

1.77

1.69

1.68

0.99

1.61

2.97

1.72

(2.75-
3.24)

(3.43-
3.87)
(3.7-4.16)

(1.62—
1.93)
(1.48—
1.93)
(1.49-1.9)

(0.85—
1.14)
(1.47—
1.76)
(2.78-
3.18)

(1.57—



2.43) 1.88)

Zinc diethyl dithiocarbamate 1 20901 0.51 (0.42— 75085 0.52 (0.47-0.58) 28576 0.54 (0.46-
0.62) 0.63)

Mercapto mix 1 20837 0.8 (0.68— 74869 0.63 (0.58-0.69) 28563 0.41 (0.34-

(CBS,MBTS,MOR) 0.93) 0.49)

Mercaptobenzothiazole 1 2763 0.58 (0.33- 9999 0.52 (0.39-0.68) 3549 0.23 (0.1-0.44)
0.94)

Mercaptobenzothiazole 2 18092 0.87 (0.74— 64913 0.61 (0.55-0.67) 25005 0.38 (0.31-
1.02) 0.46)

IPPD 0.1 20895 0.96 (0.83-1.1) 75075 0.75 (0.69-0.82) 28570 0.54 (0.45-

0.63)

Resins/glues

PTBFR 1 13345 0.52 (0.41- 47171 0.58 (0.51-0.65) 18675 0.49 (0.4-0.6)
0.66)

Epoxy resin (DGEBA) 1 20614 1.32 (1.17- 74159 1.81 (1.71-1.91) 28570 1.24 (1.11-
1.48) 1.37)

3 Not a fragrance allergen, but listed along these as SSO is used as emulsifier in fragrance mix |

Allergens tested in less than 1000 patients overall have been omitted.

CBS, N-cyclohexyl-2-benzothiazyl sulfenamide; DGEBA, diglycidyl ether of bisphenol A; HICC, hydroxyisohexyl 3-cyclohexene
carboxaldehyde; IPPD, N-isopropyl-N-phenyl-p-phenylenediamine; MBT, 2-mercaptobenzothiazole; MCI, methylchloroisothiazolinone;
MI, methylisothiazolinone; MOR, morpholinylmercaptobenzothiazole; PTBFR, p-tert-butylphenol formaldehyde resin



Online supplemental table S4: Sensitivity analysis: Patch test results with the baseline series in the three periods restricted to

departments using 2-day patch test exposure (n=47 departments; n=102548 patients). The table corresponds to Table 2: Number tested; %

positives; (exact 95% confidence interval) in the three periods; Conc., concentration tested in petrolatum, except where otherwise

indicated: ag., water

Allergen Conc. 2007 - 2010 2011 - 2014 2015 - 2018
Metals
Nickel sulfate 5 34253 14.87 (14.5- 36635 15.12 (14.75- 30127 16.8 (16.37—
15.26) 15.49) 17.22)
Potassium dichromate 0.5 34538 4.35 (4.14-4.57) 36979 3.24 (3.06-3.42) 30474 4.44 (4.21-4.68)
Cobalt chloride 1 34488 55 (5.26-5.75) 36912 4.84 (4.62-5.06) 30399 5.53 (5.28-5.79)
Preservatives
MCI/MI (aq.) 0.01 34571 241 (2.25-2.58) 36979 497 (4.75-5.19) 30300 3.76 (3.55-3.98)
Ml (aq.) 0.05 7059 6.03 (5.49-6.62) 29966 4.14 (3.92-4.37)
Formaldehyde (aqg.) 1 34580 1.05 (0.95-1.17) 37016 1.25 (1.14-1.37) 30406 1.32 (1.2-1.46)
Methyldibromo glutaronitrile 0.2 19455 247 (2.25-2.7) 36726 2.67 (2.51-2.84) 11315 2.04 (1.79-2.32)
Methyldibromo glutaronitrile 0.3 15018 3.58 (3.29-3.89) 19143 4.56 (4.27-4.87)
Paraben mix 16 34590 0.91 (0.82-1.02) 37025 0.65 (0.57-0.74) 30399 0.73 (0.64-0.83)
2-Bromo-2-nitro-1,3-propanediol 0.5 34478 1.1 (0.99-1.21) 29972 0.72 (0.62-0.82)
lodopropynyl butylcarbamate 0.2 7048 1.28 (1.03-1.57) 30157 0.84 (0.74-0.94)
Fragrances
Fragrance mix | 8 34484 7.65 (7.37-7.94) 36867 9.68 (9.38-9.99) 29712 7 (6.71-7.3)
Fragrance mix Il 14 34418 5.15 (4.92-5.39) 36936 5.3 (5.08-5.54) 30406 4.4 (4.17-4.64)



HICC

Myroxylon pereirae
Sorbitan sesquioleate®
Santalum album
Jasminum spp.
Cananga odorata
Plants (other)
Colophonium
Propolis

Oil of turpentine
Compositae mix
Compositae mix Il
Medicaments, topicals
Bufexamac

Cetearyl alcohol
Lanolin alcohol
Rubber additives
Thiuram mix

Zinc diethyl dithiocarbamate
Mercapto mix
(CBS,MBTS,MOR)

Mercaptobenzothiazole

25
20
10

10

20

10
10

20
30

34606
34500

1623
1618
1622

34550
34583
34562
33919

34601
34607
34582

34580
34602
34608

2.13
1.47

1.66
1.3
2.03

4.05
2.49
2.19
1.39

1.08
0.82
2.52

2.12
0.58
0.65

(1.98-2.29)
(7.19-7.75)

(1.1-2.41)
(0.81-1.98)
(1.4-2.85)

(3.85-4.27)
(2.33-2.66)
(2.04-2.35)
(1.27-1.52)

(0.98-1.2)
(0.73-0.92)
(2.36-2.69)

(1.97-2.28)
(0.5-0.66)
(0.57-0.74)

37033
36946

35592
35597
35581

36965
36991
37018
10871
26153

29963
37032
37007

36996
37036
37015

2.1
8.42

1.29
1.47
2.53

3.82
3.68
1.21
1.79
1.51

0.74
1.02
2.8

2.11
0.44
0.66

(1.96-2.25)
(8.14-8.71)

(1.17-1.41)
(1.34-1.6)
(2.37-2.7)

(3.63-4.02)
(3.49-3.88)
(1.1-1.33)

(1.55-2.06)
(1.36-1.66)

(0.64-0.84)
(0.92-1.13)
(2.64-2.98)

(1.97-2.26)
(0.38-0.51)
(0.58-0.75)

30440
30429
22815
30518
30504
30521

30479

30462

30411

30337

30475

30485

30374

30518

30262

13530

1.72
6.56
0.71
1.16
1.19
2.26

3.63

4.07

0.73

1.32

0.57

2.06

2.25

0.55

0.47

0.39

(1.58-1.87)
(6.29-6.85)
(0.6-0.82)
(1.05-1.29)
(1.07-1.32)
(2.1-2.44)

(3.42-3.84)
(3.85-4.3)

(0.64-0.84)
(1.19-1.45)
(0.49-0.67)
(1.91-2.23)
(2.08-2.42)
(0.47-0.64)

(0.4-0.56)

(0.29-0.51)



Mercaptobenzothiazole 2 34584
IPPD 0.1 34599
Resins/glues

PTBFR 1 34610
Epoxy resin (DGEBA) 1 34604

0.69
0.7

0.6
1.63

(0.6-0.78)
(0.62-0.8)

(0.52-0.69)
(1.5-1.77)

37027 0.54
37022 0.75

29972 0.5
37025 1.62

(0.47-0.62)
(0.66-0.84)

(0.42-0.59)
(1.49-1.75)

3 Not a fragrance allergen, but listed along these as SSO is used as emulsifier in fragrance mix |

16800 0.56 (0.45-0.68)
30506 0.7 (0.61-0.81)

30459 1.53 (1.4-1.67)
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