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Summary Background. Contact allergy prevalence rates change over time as a result of variations

in allergen exposure. Data from patch test clinics are often used as markers for allergy
trends.

Objectives. The aim of the present retrospective study was to describe trends in rates of
sensitization to allergens in the Swedish baseline series.

Patients/materials/methods. Prevalence rates are described by comparing consecu-
tive patch test data from 1992, 2000 and 2009 in Swedish patch test clinics. In total,
3680 patients were included in 1992, 3825 in 2000, and 3112 in 2009.

Results. Among test substances with a sensitization rate above 2% in 2009, sig-
nificant decreases were noted for nickel sulfate, cobalt chloride, colophonium, and
methylchloroisothiazolinone (MCI)/methylisothiazolinone (MI), and a significant
increase for p-phenylenediamine, as compared with 1992. Potassium dichromate
reactions had increased among younger women, whereas reactions to nickel and cobalt
had decreased in this group. Sensitization to chromium, cobalt and fragrance mix I
had decreased among older men, and sensitization to nickel had decreased among
younger men.

Conclusions. It is probable that these changes in 1992-2009 reflect both changes in
regulations for nickel, lower levels of chromium in cement and of MCI/MI in cosmetics,
and increasing use of hair dyes.

Key words: contact allergy; contact dermatitis; epidemiology; patch testing;
prevalence; trends.

Contact allergy is common, and its possible consequence,
allergic contact dermatitis, decreases the quality of life
for the individual and has negative socio-economic effects
in the form of sick leave and healthcare expenses. This
calls for measures to prevent both sensitization and elic-
itation (1) The prevalence of contact allergy changes over
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time, as a result of variations in allergen exposure (1,
2). Such variations might be caused by fashion trends or
changes in industrial technologies and regulations (2).
Monitoring these contact allergy trends is important in
order to detect the need for preventive measures and to
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evaluate the effects of previously implemented measures
(1). Monitoring studies are difficult to perform in the gen-
eral population, owing to logistic problems. Therefore,
most studies are based on data from consecutively patch
tested dermatitis patients (3). The aim of this study was to
report trends in the rates of sensitization to allergens in the
Swedish baseline series by comparing consecutive patch
test data obtained in 1992, 2000 and 2009 at Swedish
patch test clinics.

Materials and Methods

A retrospective analysis was performed on consecutive
patch test data collected during three 18-month periods
(1991-1993,1999-2001, and 2008-2010), including
patients tested with the Swedish baseline series because
of suspicion of contact allergy. The three subgroups are
referred to as the 1992, 2000 and 2009 subgroups,
respectively. The sites of data collection were 14 depart-
ments of dermatology or occupational and environmental
dermatology in Sweden, situated in Eskilstuna (one
department), Gothenburg (one department), Jonkoping
(one department), Linkoping (one department), Lund
(one department), Malmo (one department), Stockholm
(two departments), Umea (one department), Uppsala (one
department), and Orebro (four departments). The sub-
groups comprised 3662 patientsin 1992, 3825 in 2000,
and 3112 in 2009. In 1992, 76% of the patients were
tested with materials from Chemotechnique Diagnostics
AB (Tygelsjo, Sweden) applied with Finn Chambers”
(Epitest Oy, Helsinki, Finland), and 24% were tested with
TRUE Test™ (Mekos AS, Hillerod, Denmark), baseline
panels I and II, and additional materials, tested as above
with Finn Chambers" to meet the Swedish baseline series
criteria of that period. The corresponding figures for
2000 were 86% and 14%, and those for 2009 were
96% and 2%, respectively. In 2009, 2% were tested with
test substances from Chemotechnique Diagnostics AB
applied with IQ" chambers from the same manufac-
turer. Tests were applied on the back and occluded for
2 days. Readings were performed on two occasions (D3
and D6-D7) for the 2000 and 2009 subgroups. For the
1992 subgroup, readings were performed only on D3.
If readings of patch tests are performed only on D3 we
will miss 10—15% of the positive reactions as compared
with two readings (D2 and D7) (3). This applied for all
test substances in the Swedish baseline series. Results
were recorded according to ICDRG criteria (4). A +, ++
or +++ reaction at either reading or both readings was
recorded as a positive patch test reaction in the present
study. An irritant response, a doubtful response or a
negative reading was recorded as a negative result. For

each test substance and subgroup, crude prevalence and
prevalence stratified by sex and age (<40 or >40 years)
were calculated. For statistical analyses, chi-square tests
were used. The crude prevalence rates from the D3 read-
ings in the three subgroups were compared to determine
trends. Differences in prevalence between the 1992 and
2009 subgroups and between women and men after two
readings (D3 and D6-D7) in the 2000 and 2009 sub-
groups were also analysed. Finally, chi-square analyses
were used to compare prevalence stratified by sex or age
(<40 or >40 years) for the test substances with a crude
prevalence of >2% in 1992 and 2009 (one reading, D3),
and to compare the number of positive test reactions
per positively tested patient and the number of positively
tested persons in each subgroup. The age and sex sub-
groups contained few patients, and test substances with
crude prevalence rates of <2% were not analysed further.
The significance level was set at p<0.05. All calcula-
tions were performed with STATISTICA 12 for Windows™
(StatSoft[o, Tulsa, Oklahoma, USA). Data from 1992
and 2000 have been published previously (3). These
data are now compared with unpublished results from
2009. The study was based on the Swedish patch test
register, EpiReg, which does not contain personal infor-
mation other than age and sex. The use of this register
was approved by the Research Ethical Committee in
Uppsala.

Results

The age and sex distributions of the subgroups are
shown in Table 1. The median age was 39 yearsin 1992,
40years in 2000, and 43 years in 2009. Crude and
age-stratified and sex-stratified prevalence rates for one
reading (D3) in the 1992, 2000 and 2009 subgroups are
shown in Table 2. The test substances with significant
prevalence variations from 1992 to 2009 are shown in
Fig. 1. Figure 2 shows the sex-stratified prevalence after
reading at D3 for the allergens with prevalence rates of
>2.0%. Table 3 shows the prevalence rates for two read-
ings (D3 and D6-D7) for 2000 and 2009. Comparison
of reactions on D3 showed a significant difference, with
at least one positive patch test reaction being observed
in 47.8% of patients and an average of 1.5 positive
reactions per positive patient in 1992 (only one reading
at D3). Corresponding rates in 2000 and 2009 were
42.9% and 1.8 reactions, and 37.5% and 1.7 reactions,
respectively. The ratio of positive test reactions to number
of persons tested is shown in Table 4. A significantly
(p<0.05) lower ratio was found in 2009 than in 1992.
Allergens with sensitization rates of >2% in 2009 (with
two readings, on D3 and D6-D7) were nickel, cobalt,
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Table 1. Age and sex distributions in the 1992, 2000 and 2009
subgroups

Subgroup <40years >40years Total F/IM
1992
Females 1209 1162 2371 -
Males 682 609 1291 -
Total 1891 1771 3662 1.84
2000
Females 1169 1248 2417 -
Males 695 713 1408 -
Total 1864 1961 3825 1.75
2009
Females 889 1104 1993 -
Males 507 612 1119 -
Total 1396 1716 3112 1.78

F, female; M, male.

fragrance mix I, Myroxylon pereirae, chromium, colo-
phonium, formaldehyde, methylchloroisothiazolinone
(MCI)/methylisothiazolinone (MI), methyldibromo gluta-
ronitrile (MDBGN), p-phenylenediamine, and fragrance
mix II. For these most frequent sensitizers, statistically
significant decreases in crude prevalence were found for
nickel, cobalt, MCI/MI, fragrance mix I and colophonium
between 1992 and 2009 (D3 reading) (Table 2, Fig. 1).
MDBGN and fragrance mix IT were not included in the
baseline series in 1992. For p-phenylenediamine, there
was a significant increase in crude prevalence during
the same period. The crude prevalence for chromium
did not change between 1992 and 2009. However, there
was a significant increase among younger women and
a decrease among older men. MDBGN was introduced
into the baseline series after 1992, and fragrance mix
IT was introduced after 2000. They emerged as two of
the most frequent sensitizers in 2009, with a rate of
>2%. Between 1992 and 2009 (D3 readings), there were
significantly decreased prevalence rates for Amerchol™ L,
101, ethylenediamine dihydrochloride, neomycin sulfate,
diazolidinyl urea, tosylamide/formaldehyde resin, and
black rubber mix, all of which had sensitization rates of
<2% (Table 2, Fig. 1).

Regarding nickel, the data showed (Table 2) that
the decrease in the crude prevalence of contact allergy
was attributable to a decrease among women, with the
major contribution from younger women, in whom the
prevalence had decreased by ~10 percentage points.
For cobalt, there were significant decreases among
younger women and among older men. The results
of the comparison between women and men in 2000
and 2009 (D3 and D6-D7 readings) are shown in
Table 3. Statistically significant differences, with a higher
prevalence of contact allergy among women, were
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found for nickel, cobalt, fragrance mix I, neomycin
sulfate, MCI/MI, p-phenylenediamine, tixocortol
pivalate, epoxy resin, ethylenediamine dihydrochlo-
ride, quaternium-15, primin, sesquiterpene lactone mix
and tosylamide/formaldehyde resin in the 2000 sub-
group. For nickel, cobalt, p-phenylenediamine, and epoxy
resin, these differences remained in 2009, whereas the
differences for the other substances were eliminated. For
formaldehyde, there was a statistically significant differ-
ence between women and men in 2009, but not in 2000.

Discussion

In the present study, we report contact allergy trends
among patients seen at Swedish patch test clinics.
Twenty-four allergens were followed over the period
1992-2009. The crude prevalence had decreased for
10 allergens, was unchanged for 13 allergens, and had
increased for 1 allergen.

We have to point out two erroneous statements on
patch test concentrations in our previous publication (3).
In Sweden, we have tested cobalt chloride at 0.5% and
MCI/MI at 0.02%, and not, as stated in the paper, at 1%
and 0.01%, respectively.

Nickel is known to be the allergen with the highest
sensitization rates, and nickel allergy is more common
in women than in men, facts that are once again con-
firmed in our recent Swedish data (5).We found that
nickel sensitization is decreasing among young women,
a finding consistent with results previously documented
by others in countries where legislative measures have
been taken to limit nickel exposure (6). The EU nickel
limitation (the former Nickel Directive, which, since
2009, has been part of the EU chemicals regulation
REACH) entered into force in 2000. However, before
that, there was already a decrease in nickel allergy
among younger women, as shown in a previous study
comparing Swedish patch test data from 1992 to 2000
(3). This was thought to be attributable to gradual adap-
tation to the forthcoming entry into force of the nickel
regulation, which had been adopted in 1994 (3, 7).
Similar effects on the prevalence of nickel allergy among
younger females have been seen in Denmark, Germany,
and Ttaly (8).

Between 1992 and 2000, the prevalence of cobalt
allergy remained stable in Swedish dermatitis patients
(3), but has now, when we compare 17 years from 1992,
decreased significantly among younger females and older
men (Table 2). In Denmark, contrasting results have
been obtained. One study reported an unchanged preva-
lence in female dermatitis patients between 1985 and
2007, whereas another showed that the overall preva-
lence of cobalt allergy had increased from 1992 to 2009
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Table 2. Crude and age-stratified prevalence (%) of positive reactions to allergens in the Swedish baseline series in 1992, 2000, and 2009;

results of reading at D3

Crude prevalence

Prevalence in those
aged age >40years

Prevalence in those
aged <40 years

Women Men Women Men

Test concentration

Allergen 2009 (%) 1992 2000 2009 1992 2000 2009 1992 2000 2009 1992 2000 2009 1992 2000 2009
Nickel sulfate 5.0 214 198 17.6 338 294 233 73 64 6.1 252 263 24.7 54 62 6
Fragrance mix | 8.0 63 69 52 46 6 37 43 23 41 81 6 7.1 8.8 58 4.9
Myroxylon pereirae 25.0 49 65 48 31 33 28 29 38 26 74 99 67 62 83 62
Cobalt chloride 0.5 66 64 45 97 81 64 4 38 26 69 8 52 25 31 2
Potassium dichromate 0.5 3.7 42 44 24 33 45 28 25 39 4 5 48 6.7 57 4.4
Formaldehyde 1.0 25 26 25 25 28 27 1.5 15 1 28 32 3.1 33 26 23
Colophonium 20.0 54 34 24 32 2 11 25 2 08 88 54 38 62 34 33
p-Phenylenediamine 1.0 14 2 2.1 1.2 16 24 04 09 04 2 3.2 33 16 1.7 1
McCl/MI 0.02 3.1 24 2 25 2.1 17 16 09 04 42 36 28 41 21 23
Thiuram mix 1.0 2 1.2 16 1.3 05 1.2 13 1.7 14 27 18 2 29 1 1.6
Quaternium-15 1.0 1.1 12 14 1.3 15 18 04 03 06 08 14 14 1.8 1.1 13
Tixocortol pivalate 0.1 1.7 16 1.2 1.3 22 16 1.3 09 1 27 1.7 13 1.3 1 0.8
Epoxy resin 1.0 1.3 12 1.2 0.7 0.7 11 1.5 07 09 1.1 1 1 23 3 2.1
Amerchol™ L 101 50.0 29 11 07 26 08 1 12 06 02 43 14 06 26 1.7 08
Caine mix 10.0 1.1 12 07 05 04 0.1 0.7 0.7 1.1 13 18 0 23 21 15
p-tert-Butylphenol 1.0 0.8 1 0.7 1 09 07 09 03 1 0.8 1.1 06 05 17 08
formaldehyde resin
Diazolidinyl urea 2.0 1.9 14 05 14 08 08 07 09 02 27 18 04 25 21 08
Black rubber mix 0.6 09 06 05 06 04 03 06 03 06 1.1 08 05 1.5 1 0.5
Neomycin sulfate 20.0 19 12 04 1.2 1 03 1 04 04 27 2 04 26 08 03
Mercaptobenzothiazole 2.0 06 04 04 04 04 07 02 06 08 09 02 02 0.8 04 03
Tosylamide/formaldehyde 10.0 1 0.7 0.3 1.2 0.8 0.1 02 02 O 16 13 05 05 03 05
resin
Paraben mix 16.0 05 04 03 04 03 03 04 02 02 03 06 O 1.1 08 0.7
Ethylenediamine 1.0 1.9 14 0.2 1.2 1 0.6 16 12 06 24 22 08 21 07 O
dihydrochloride
Quinoline mix 6.0 05 05 02 0.2 04 0.1 02 07 04 09 06 02 1 0.6 0.3

MCI/MI, methylchloroisothiazolinone/methylisothiazolinone.

Allergens: bold type denotes allergens with significant changes/variations between 1992, 2000, and 2009 (p <0.05; chi-square).
Crude prevalence: bold type denotes significant changes in crude prevalences between 2009 and 1992 (p <0.05; chi square).
Age-stratified and sex-stratified prevalence: bold type denotes significant changes between 2009 and 1992(p <0.05; chi-square). Allergens

with a crude prevalence of >2% were analysed.

(9, 10).In arecent German study (11) covering the period
1992-2012, the overall prevalence of cobalt allergy was
5.23%, with increases for males aged <45 years and
females aged >45 years during the period. The cause
of these discrepancies between different studies is not
known. A positive patch test reaction to cobalt is often,
but not always, associated with a positive reaction to
nickel (11). This has been suggested to be attributable to
co-exposure and co-sensitization to these metals (3, 12),
especially in females (13). Co-occurrence of cobalt and
nickel in alloys is, however, considered to be less likely
than formerly, owing to an increase in the price of cobalt
and a higher degree of metal refining (14). Further stud-
ies on the relationship between exposure and sensitization
are needed.

A decrease in the rate of contact allergy to fragrance
mix I and M. pereirae has been reported by several inves-
tigators in Europe (15, 16). A possible cause of this is
shift in the composition of fragrances. We could not con-
firm a decrease for M. pereirae in our study population,
but found a tendency for there to be a decrease for fra-
grance mix I (p=0.05). Fragrance allergy has often been
associated with female sex and older age (16, 17). A sex
difference was found for fragrance mix I in the 2000 sub-
group, but not in the 2009 subgroup. As fragrance mix
IT was included in the Swedish baseline series after the
year 2000, no comparison between years is possible. The
results from 2009 show that fragrance mix ITis among the
top allergens/mixes, with a crude prevalence of 2.3% and
with no difference between sexes. Data from Germany,
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Fig. 1. The figure presents the allergens with significant variations
(p <0.05) in prevalence rates during the period 1992 — 2000 —
2009. Crude prevalence rates for readings at D3 are shown.
MCI/MI = Methylchloroisothiazolinone/Methylisothiazolinone.

Switzerland and Austria showed a prevalence of 4.9% in
dermatitis patients in 2005-2008 (18).

Chromium allergy has been shown to have increased
in Denmark with a prevalence of 3.3% in 2007 in consec-
utive dermatitis patients (the increase being attributed to
leather exposure) (5). We found no statistically significant
change in the crude prevalence over time (1992-2009).
However, there was a significant increase among young
females, and a decrease among older men; the latter is
attributed to the restriction of chromium in cement.

Contact allergy to colophonium decreased in Sweden
between 1992 and 2000, as previously reported (3). We
found that there has been a further decrease in the 2009
subgroup.

The prevalence of contact allergy to formaldehyde
has been reported to be 1.5% and 2.5% in European
multicentre studies, with no statistically proven changes
for the periods 1996-2009 and 2001-2008, respec-
tively (19, 20). In our neighbouring country, Denmark,
formaldehyde allergy remained relatively stable, at a
level of approximately 2—4%, in 1985-2008. We found
crude prevalence rates in line with previous data. Dan-
ish researchers found a higher prevalence in females, a
finding only reproduced once, by us, in 2009 (21). We
saw no changes over time (1992-2009).

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 2. Gender stratified variations in crude prevalence for
allergens with a prevalence > 2.0 % in 2009. Readings at D3.
Figure 2 a = females; Figure 2 b = males. MCI/MI = Methyl-
chloroisothiazolinone/Methylisothiazolinone.

A European multicentre study reported MCI/MI con-
tact allergy to be stable at ~2.2% in 1996-2009 (19).
The corresponding Danish level was 2% in 1985-2008
(21), and the German level for MCI/MI allergy for the
period 1992-2010 was stable, at ~2.33% (22). However,
in this study, there was an increase in MCI/MI allergy
over time for younger persons with occupational dermati-
tis. In contrast, we found a decrease in the crude preva-
lence from 3.1% in 1992 to 2.0% in 2009. This trend
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Table 3. Sex-stratified prevalence (%) of positive patch test reactions
to allergens in the Swedish baseline series in 2000 and 2009; pooled
results of two readings

2000 2009
Women MenWomen Men

Nickel sulfate 31.1 6.7 26.7 7.0
Cobalt chloride 10.0 4.5 7.3 3.0
Fragrance mix | 9.1 5.1 6.1 4.6
Myroxylon pereirae 6.9 6.3 5.2 4.7
Potassium dichromate 5.2 4.8 5.4 4.6
Colophonium 4.2 3.2 3.4 2.2
Formaldehyde 3.2 2.4 3.2 1.9
Neomycin sulfate 3.3 1.9 1.2 0.6
MCI/MI 3.3 1.6 2.4 1.6
MDBGN 2.4 1.8 2.2 1.8
p-Phenylenediamine 2.6 1.5 3.0 1.0
Tixocortol pivalate 2.4 1.3 1.9 1.3
Diazolidinyl urea 1.5 1.6 0.7 0.6
Epoxy resin 1.1 2.1 0.7 1.8
Ethylenediamine 1.8 0.9 0.9 0.4

dihydrochloride
Lichen acid mix 1.6 1.1 0.8 0.8
Caine mix 1.3 1.4 0.7 0.8
Thiuram mix 1.3 1.3 1.8 1.6
Quaternium-15 1.7 0.7 1.8 1.3
Budesonide 1.1 1.6 0.9 0.6
Amerchol™ L 101 1.1 1.2 0.8 0.5
p-tert-Butylphenol 1.2 1.1 0.7 1.0

formaldehyde resin
Primin 1.7 0.1 - -
Sesquiterpene lactone mix 1.3 0.4 0.5 0.4
Tosylamide/formaldehyde 1.2 0.2 0.4 04

resin
Black rubber mix 0.7 0.7 0.6 0.5
Quinoline mix 0.5 0.8 0.2 0.3
Paraben mix 0.5 0.6 0.3 0.4
Mercaptobenzothiazole 0.4 0.5 0.5 0.6
Fragrance mix Il - - 2.4 2.0
HICC - - 1.1 1.2

HICC, hydroxyisohexyl 3-cyclohexene carboxaldehyde; MCI/MI,
methylchloroisothiazolinone/methylisothiazolinone; MDBGN,
methyldibromo glutaronitrile.
Values in bold denote p <0.05.

was already evident in 2000. Earlier European patch test
data for MCI/MI are based on testing with a concentra-
tion of 100 ppm. It has recently been reported that test-
ing with MCI/MI 200 ppm gives more positive test reac-
tions without irritation (23). In Sweden, we have tested
with 200 ppm since the late 1980s. Just after the end of
our study, a large number of reports started to appear
concerning an alarming increase in the frequency of sen-
sitization to MCI/MI and, particularly, to MI separately
(24). Concerning contact allergy to MDBGN, prevalence
rates of 2.5-4.5% have been reported for 2008-2009
(19-21). MDBGN has not been permitted in leave-on

Table 4. The number of positive test reactions per patch tested
patient

Group Total Females Males
1992 0.84 0.82 0.86
2000 0.75 0.89 0.52
2009 0.63 0.73 0.45

Chi-square analysis showed a significant difference (p<0.05)
between 1992 and 2009.

cosmetic products since 2005 (25), and it has not been
permitted in any cosmetic products since 2008 (26).
MDBGN is, however, allowed in other types of products,
without limitation. A decline in contact allergy to this
allergen has been shown since 2008 by others, a finding
that was not reproduced in the current data (19). Future
analyses of data from our database (EpiReg) will show
whether the same trends for MCI/MI, MI and MDBGN
found in other countries can be seen in Sweden.

Previous studies have shown differing results regard-
ing trends in sensitization to p-phenylenediamine. In two
different studies, the sensitization rate in Sweden was
shown to increase in 1992—2000 (3) and to remain sta-
ble in 1993-2000 (27). In Denmark, an overall propor-
tion of 2% positive patients was found in 1985-2007,
with a statistically non-significant increase during the
study period (28). We found the crude prevalence to be
2.1% in the 2009 subgroup, an increase from 1.4% in
1992. Contact allergy to p-phenylendiamine was more
frequent in women [with increases from 1.2% to 2.4%
among younger women (<40 years) and from 2% to 3.3%
among older women]. This is probably attributable to
more widespread use of hair dye products among women.

We found a decline in the prevalence of sensitization
to neomycin sulfate. This has previously been observed in
Germany, and is thought to be the result of decreased use
of this substance as a topical agent (29). Neomycin has
not been available as a topical medicament in Sweden for
several years.

Finally, the prevalence of contact allergy to tosylamide/
formaldehyde resin has decreased since 1992. Exposure
to the resin has decreased, as it has been replaced by
acrylates in modern nail lacquers.

In this study, data reported as subgroups 1992, 2000
and 2009 were collected during comparable time peri-
ods, and the participating sites were the same (apart
from some minor differences), which is a strength. The
study is, however, retrospective in nature, which means
that we have no control over changes in referral pat-
terns or indications for patch testing over time. How-
ever, the inclusion criterion for patch testing in Sweden
is contact dermatitis with a suspicion of contact allergy.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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A higher percentage of patients with positive patch test
results in 1992 than in 2009, and fewer positive test
reactions per tested patient in 2009, might indicate that
the indication for testing has widened. However, it could
also be a sign of decreasing rates of sensitization to the
tested allergens. During the period 1992—-2009, nickel,
chromium and MCI/MI were subjected to regulations,
and exposure to some allergens (e.g. neomycin, ethylene-
diamine, and tosylamide/formaldehyde resin) decreased
in Sweden; for some allergens (e.g. colophonium, rub-
ber chemicals, and some perfumes) the actual exposure
situation is more uncertain. The reactivity among patch
test-positive patients appears not to have changed, as the
average number of positive test reactions per positively
tested patient remains stable.

Although we have identified significant changes in
prevalence, the study used three measuring points, and
variations could have occurred between these points. The
analysis was also performed on a selected population in
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