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Abstract

Background: In 2001, the EU nickel directive was introduced to prevent contact

allergy to nickel. Contact allergy to palladium and/or cobalt is often seen together

with contact allergy to nickel.

Objectives: To compare the contact allergy prevalence of nickel, palladium, and

cobalt allergy before and after the introduction of the EU nickel directive in consecu-

tive patients with dermatitis.

Methods: A retrospective analysis of patch test results from 1995–2016 was per-

formed (n = 18 264). Chi-square tests were used to examine trends for nickel, palla-

dium, and cobalt across test years. Logistic regression was used for associations.

Results: The prevalence of nickel allergy decreased significantly in the youngest age

group (6–30 years) for both female and male patients from 1995–1999 to

2012–2016: females: 33.4% to 19.1% (P < .001); males: 5.9% to 2.1% (P < .05). The

concomitant reactions between nickel and palladium and nickel and cobalt among

young females, respectively, also decreased significantly. Isolated palladium and

cobalt allergy remained stable (1.4% and 2.3%, respectively) during the same time

period for both men and women.

Conclusions: The prevalence of nickel has decreased among young females and

males suspected of contact allergy in Southern Sweden after the introduction of the

EU nickel directive. There has been no change in isolated palladium or cobalt allergy.
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1 | INTRODUCTION

Metal allergy has for a long time been, and is still, the most frequent

contact allergy. Among the metals, nickel is the most common contact

allergen, with a prevalence of 10%–20% among women in the general

population in Europe.1 In 1990 the first National Nickel Regulation in

Sweden came into force, regulating content of nickel in earrings or

piercing posts.2 The first European nickel directive was later adopted

in 1994 and came into force in 2001. The directive limited the rate of

nickel release from products intended to come into direct and pro-

longed contact with the skin.3 In 2004, the directive was revised and

the limit for post assemblies used in pierced holes was lowered.4 The

directive is since 2009 part of the registration, evaluation, authorisa-

tion and restriction of chemicals (REACH) regulation.
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Nickel sulfate hexahydrate (NiSO4) is the most common nickel

salt used when patch testing with nickel. In the European baseline

series, NiSO4 is tested at 5% w/w in pet. Positive patch test reactions

to palladium salts are very often concomitant to positive patch test

reactions to NiSO4. Nickel and palladium belong to the same group in

the periodic table, and the concomitant reactions have mainly been

explained by cross-reactivity.5-9

Today, palladium is used primarily for industrial catalysts in cars,

dental appliances, and in jewelry. The main source from which the gen-

eral population is sensitized to palladium is dental appliances (WHO

2002). Palladium is not routinely tested for in the European baseline

series, but testing is often performed in dental series. Patch testing with

palladium chloride (PdCl2) has been the standard test for detecting pal-

ladium sensitization since the 1990s. In 2008, Muris et al showed that

sodium tetrachloropalladate (Na2PdCl4) is a better test salt for detecting

palladium sensitization.10 The prevalence of palladium allergy has

increased since the 1990s,11 but the prevalence of palladium sensitiza-

tion might have been underestimated when using PdCl2 as a test salt.

In Malmö, the extended baseline series used for patch testing all

patients included PdCl2 since 1995 and Na2PdCl4 since 2009.

Not only are concomitant reactions between NiSO4 and PdCl2

common, but also concomitant patch test reactions of NiSO4 and

cobalt chloride (CoCl2).
12 Cobalt does not belong to the same group

as nickel and palladium in the periodic table but coexists with nickel in

nature, which is why cobalt is present in many nickel alloys. Concomi-

tant patch test reactions to CoCl2 and NiSO4 have thus more often

been described as co-sensitivity rather than cross-sensitivity.13 Today

cobalt without nickel is used in many different consumers articles

such as electronic devices, jewelries, magnetic materials, dental alloys,

and in pigments in cosmetics and leather.14-16

Because of the European nickel directive it has been suggested that

metals such as cobalt and palladium could replace nickel in consumer

items, and although the prevalence of nickel hopefully would decrease,

it has been questioned whether the prevalence of palladium and cobalt

allergy would increase.17-20 The aim of this study was to determine the

prevalence of sensitization among men and women to nickel, palladium,

and cobalt in Southern Sweden from 1995–2016, the period when the

European nickel directive came into force and was revised.

2 | METHODS

All patients patch tested with the extended baseline series as well as

the Swedish baseline series because of suspected contact allergy at

the Department of Occupational and Environmental Dermatology,

Skåne University Hospital, Malmö, Sweden, between 1995 and 2016

(both years included) were included in this study.

2.1 | Patch testing and patch test readings

During the study period, palladium has been patch tested as PdCl2

2.0% pet. since 1995 and as Na2PdCl4 3.0% pet. since 2009. Nickel

has been patch tested as NiSO4 5.0% pet. and cobalt as CoCl2 0.5%

pet. (Na2PdCl4 was obtained from Sigma Aldrich, Darmstadt, Ger-

many, PdCl2, NiSO4 and CoCl2 from Chemotechnique Diagnostics,

Vellinge, Sweden.) The patch test preparations were applied on the

upper back of the patients with 20 mg in 8 mm Finn Chambers

(Epitest, Tuusula, Finland or SmartPractice, Phoenix, Arizona) mounted

on Scanpor tape (Norgeplaster, Oslo, Norway). The patch tests were

removed on day (D) 2. During the years that are included in this study,

standardization of the patch test technique has been performed, thus

the doses used today are significantly better standardized than the

doses used in 1995.

Patch test readings were performed by a dermatologist on D3/4

and on D7 according to the classification suggested by the Interna-

tional Contact Dermatitis Research Group.21 In Malmö all patch test

data and basic characteristics of the patients are filed in our computer

system DALUK. All irritant and doubtful reactions were classified as

negative reactions. Positive reactions include +, ++, and +++ reactions.

2.2 | Ethics

The study was approved by the Regional Ethical Review Board, Lund,

Sweden, Dnr 2015/491. When patients are patch tested, they are

informed that data may be used for comparisons on a group level and

approval is mandatory if the patients´ data are stored in the computer

system. To provide full information to the patients for this study and

enable the possibility to opt out, an advertisement was published in

the local newspaper that data from 1995–2016 would be used for a

study of metal allergy in Southern Sweden. Nobody declined to

participate.

2.3 | Definitions and statistics

We have only analyzed metal allergies; thus, individuals may possibly

have had other contact allergies. In the following text and in the

results “isolated” palladium- or cobalt allergy means palladium/cobalt

allergy without concomitant nickel allergy and not considering any

other allergy. Isolated nickel allergy means nickel allergy without palla-

dium and/or cobalt allergy, not considering any other allergy. Palla-

dium allergy “in total” means positive reactions to Na2PdCl4 and/or

PdCl2 with or without concomitant nickel reactions.

A chi-square test of linear-by-linear association was used to show

significant trends of nickel, palladium, and cobalt allergy across test

years. Fisher's exact test was used to examine the distribution of gen-

der among the isolated patch test reactions to palladium, nickel, and

cobalt. Two binary logistic regression models were performed to

ascertain the effect on age and test year on the likelihood that women

were allergic to nickel or palladium. Two different binary logistic

regressions models were used, one with nickel as the dependent vari-

able and age group, test year, and cobalt allergy as the independent

variables; and one model with palladium allergy as the dependent vari-

ables and with age group, test year, and nickel allergy as the
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independent variables. All results were expressed as odds ratios (ORs)

with 95% confidence intervals (CIs). All analysis was performed in

SPSS, version 22. A P-value <.05 was considered statistically

significant.

3 | RESULTS

Eighteen thousand three hundred six patients were patch tested

between 1995 and 2016 at the Department of Occupational and

Environmental Dermatology, Skåne University Hospital, Malmö,

Sweden. Eleven thousand seven hundred twenty-three women

(W) and 6541 men (M) (Figure 1). (Forty-two individuals were not reg-

istered as either male or female and were excluded from the data.)

Mean age for the study population was 44.3 years (range 6–99 years).

Mean age among women was 44.3 years (range 8–99 years) and mean

age among men was 44.1 years (range 6–92 years). The prevalence of

contact allergy in women and men to the four metal salts during the

study period is shown in Figure 2. A positive patch test reaction to

nickel was observed in 20.5% of the study population; 89.8% of the

positive reactions were seen in women and 10.2% in men. Among the

females, 13.8% had an isolated nickel allergy, whereas 3.2% of the

males had an isolated nickel allergy (Fisher's exact test, P < .001). A

positive patch test reaction to either PdCl2 or Na2PdCl4, or both, was

seen in 9.8% of the study population. Women displayed 89.5% of the

positive reactions and men displayed 10.5%. Regarding isolated palla-

dium allergy, more females (1.6%) than males (1.0%) had an isolated

palladium allergy (Fisher's exact test, P < .005). Positive reactions to

cobalt were observed in 7.5% of the study population, 80.3% of the

reactions in females and 19.7% in males. There was no association

between gender and isolated cobalt allergy. An isolated cobalt allergy

was found in 2.2% of the females and 2.6% of the males (Fisher's

exact test, P > .3).

The overall prevalence of nickel allergy among women decreased

from 29.6% in 1995–1999 and to 24.8% in 2012–2016 (P < .001)

(Table 1). Regarding age groups, the difference was only significant

among the youngest females (age 8–30). In 1995–1999, the preva-

lence among young females was 33.4% and in 2012–2016 it was

19.1%. For the older age groups (31–60 and 61–99) the prevalence

was stable. The table 1 also visualizes that the youngest females had

the highest nickel prevalence in the 1990s and the lowest nickel prev-

alence in 2012–2016. The prevalence of cobalt allergy together with

nickel allergy decreased during the study period for the youngest and

middle-aged women, but the tendency for women to have isolated

cobalt allergy remained the same.

As seen in Table 1, the prevalence of PdCl2 allergy followed the

same trend as nickel allergy. The largest difference between test years

was found among the youngest females. In this group the prevalence

of PdCl2 allergy was 16.0% in 1995–1999 and decreased to 9.1% in

2012–2016. Table 1 also shows that the prevalence of isolated PdCl2

allergy was stable for all women during the entire study period. That

means that only PdCl2 allergy together with a nickel allergy (concomi-

tant reactions) has decreased among young females. When exploring

the total prevalence of palladium, considering both PdCl2 and

Na2PdCl4, there was still a decrease of palladium allergy among young

females from 1995–1999 to 2012–2016, but an increase in preva-

lence among the oldest women from 7.4% to 13.6% (P < .001) from

1995–1999 to 2012–2016.

The results for men are not shown in Table 1, but we did find a

decrease in nickel prevalence among younger men age 6–30 years,

from 5.9% in 1995–1999 to 2.1% in 2012–2016 (P = .027). For the

other age groups the prevalence remained stable during the study

period. Isolated cobalt allergy in men also remained stable during the

study period (2%–4%). The prevalence of PdCl2 positivity among men

was stable for all age groups during the time period. For young men

the prevalence in 1995–1999 was 2.3% and in 2012–2016, 1.5%,

although the decrease was not statistically significant.

Addressing women, a logistic regressions analysis with nickel as

the dependent variable and age group, test year, and cobalt allergy as

independent variables (Table 2) showed that the prevalence of nickel

allergy was not only dependent on age group but also dependent on

test year. When adjusted for age, women in 2012–2016 were still sig-

nificantly less likely (odds ratio [OR] 0.87, confidence interval

[CI] 0.77–0.99) to have nickel allergy than in 1995–1999 (1.0, refer-

ence). The association between nickel and cobalt allergy remained the

same after adjustment for age and test year. The odds to have nickel

allergy if allergic to cobalt was approximately 10 times higher than if

not allergic to cobalt.

A similar regression analysis with PdCl2 as the dependent variable

and age group, test year, and nickel allergy as independent variables

(Table 2b) showed that the prevalence of palladium allergy was

dependent on age group and nickel allergy. Individuals with nickel

allergy were approximately 36 times more likely to have palladium

allergy compared to individuals who were not allergic to nickel.

4 | DISCUSSION

We investigated the prevalence of nickel, palladium, and cobalt allergy

before and after the EU nickel directive and the revision coming into
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force in 2001 and 2004, respectively. Before the EU nickel

directive came into force, there had been a Swedish nickel directive

affecting nickel concentrations in consumer items on the Swedish

market already in the 1990s. The highest prevalence of nickel contact

allergy in 1995–1999 was found among young females (age

8–30 years). They had been exposed to nickel during 1970–1990, a

period when nickel was a common metal in many consumers items

that were in repeated or prolonged contact with the skin, such as

wrist watches, belt buckles, and jewelries. During 1995–2015 the

general population increased from 1 111 731 persons in 1995 to

1 303 627 in 2015 in Skåne (Regionsfakta.com) and the number of

patients referred for patch testing for suspected contact allergy was

also increasing (Figure 1). However, we found a significant decrease in

the nickel prevalence in the youngest female age group from 33.4% in

1995–1999 to 19.4% in 2012–2016. The prevalence in the older age

groups remained stable, probably due to exposure and sensitization to

nickel prior to when the nickel directive came into force. Our regres-

sion analysis confirmed these findings by showing that the likelihood
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TABLE 1 Patch test results to nickel and cobalt among 11 723 female patients suspected to have contact allergy at the Department of
Occupational and Environmental Dermatology, Skåne University Hospital, Malmö, Sweden, stratified by test year and age group

Women

Test years, % (positive/total tested)

1995–1999 2000–2011 2012–2016 P-value

Nickel allergy

All age groups 29.6 (727/2454) 30.4 (1861/6117) 24.8 (781/3152) <.001

6–30 years 33.4 (213/637) 29.0 (452/1561) 19.1 (141/738) <.001

31–60 years 30.7 (442/1438) 33.8 (1190/3525) 29.0 (498/1717) .21

61–99 years 19.0 (72/379) 21.2 (219/1031) 20.3 (142/697) .72

Cobalt allergy

All age groups 10.9 (267/2454 10.0 (609/6117) 7.1 (225/3152) <.0001

6–30 years 11.9 (76/637) 9.2 (144/1561) 5.3 (39/738) <.0001

31–60 years 10.6 (152/1438) 11.1 (393/3525) 8.0% (138/1717) .01

61–99 years 10.3 (39/379) 7.0 (72/1031) 6.9 (48/697) .08

Concomitant nickel and cobalt allergy

All age groups 8.6 (210/2454) 7.9 (481/6117) 4.8 (152/3152) <.001

6–30 years 10.4 (66/637) 7.6 (118/1561) 3.4 (25/738) <.001

31–60 years 8.0 (115/1438) 9.0 (319/3525) 6.0 (103/1717) .02

61–99 years 7.7 (29/379) 4.3 (44/1031) 3.4 (24/697) .003

Isolated cobalt allergy

All age groups 2.3 (57/2454) 2.1 (128/6117) 2.3 (73/3152) .95

6–30 years 1.6 (10/637) 1.7 (26/1561) 1.9 (14/738) .63

31–60 years 2.6 (37/1438) 2.1 (74/3525) 2.0 (35/1717) .32

61–99 years 2.6 (10/379) 2.7 (28/1031) 3.4 (24/697) .39

Palladium chloride allergy

All age groups 13.6 (333/2454) 11.7 (713/6117) 11.7 (370/3152) .05

6–30 years 16 (102/637) 11.2 (175/1561) 9.1 (867/738) <.001

31–60 years 14.1 (203/1438) 13.1 (462/3525) 13.7 (236/1717) .81

61–99 years 7.4 (28/379) 7.4 (76/1031) 9.6 (67/697) .13

Concomitant nickel and palladium chloride allergy

All age groups 12.5 (306/2454) 10.5 (643/6117) 10.3 (326/3152) .02

6–30 years 14.8 (94/637) 10.3 (161/1561) 8.0 (59/738) <.001

31–60 years 13.2 (190/1438) 12.0 (422/3525) 12.5 (215/1717) .61

61–99 years 5.8 (22/379) 5.8 (60/1031) 7.5 (52/697) .21

Isolated palladium chloride allergy

All age groups 1.1 (27/2454) 1.1 (70/6117) 1.4 (44/3152) .29

6–30 years 1.3 (8/637) 0.9 (14/1561) 1.1 (8/738) .78

31–60 years 0.9 (13/1438) 1.1 (40/3525) 1.2 (21/1717) .4

61–99 years 1.6 (6/379) 1.6 (16/1031) 2.2 (15/697) .42

Palladium allergy incl. Na2PdCl4 and PdCl2

All age groups 13.6 (333/2454) 13.1 (799/6117) 15.0 (472/3152) .09

6–30 years 16.0 (102/637) 12.6 (196/1561) 11.0 (81/738) .006

31–60 years 14.1 (203/1438) 14.5 (512/3525) 17.2 (296/1717) .012

61–99 years 7.4 (28/379) 8.8 (91/1031) 13.6 (95/697) <.001
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of having nickel allergy depends not only on age but also on test year.

The likelihood was higher in 1995–1999 than in 2012–2016, which

most certainly depends on the nickel directive.

Other European studies demonstrate similar data. In Denmark,

two similar studies have been performed: one shows a decreasing

nickel prevalence among young females (5–30 year) from 25.1% in

1985–1990 to 18.3% in 2002–200712 and the other from Odense

shows decreasing nickel prevalence among young females (2–

30 years) from 29.8% in 1992–1997 to 19.6% in 2004–2009.22 In

Germany, results from the Information Network of Departments of

Dermatology (IVDK) showed that the nickel allergy among females

1–44 years had decreased significantly from 2005–2012.23 Data from

the UK and Italy show similar results.24

Our results are very much in line with the observed reduced nickel

release from consumer items on the Swedish market. In 1999, 25% of

consumer items had nickel release that was too high according to the

EU nickel directive.25 This was reduced to 9% in 2010.26 The limit for

items in prolonged contact with the skin is 0.5 μg/cm2/week and for

post assemblies 0.2 μg/cm2/week. Investigated items were all items

meant to be in prolonged contact with the skin such as cheap watches

and jewelries, sewing material, zippers, and buttons on the Swedish

market.26 It is most likely that the Swedish nickel regulation and the EU

nickel directive have had an effect on the decrease in nickel allergy

among young people with dermatitis, but owing to the fact that there

are still items on the market that release too much nickel, the preva-

lence is still high, 19.1%, among young females. Daily living habits have

changed over the past 20 years and what needed to be controlled in

the 1990s was especially nickel in ear piercings, whereas today the

source of nickel exposure may have changed.27 The REACH regulation

is still only controlling items that are meant to be in prolonged contact

with the skin, where “prolonged contact” is defined as 10 minutes on

three or more occasions within 2 weeks, or 30 minutes on one or more

occasions within 2 weeks.28 This means that the regulation does not

control the amount of released nickel from items meant to have short

TABLE 2 Prevalence of positive patch test results to nickel (A) and palladium (B) among 11 723 female patients tested at the Department of
Occupational and Environmental Dermatology, Skåne University Hospital, Malmö, Sweden from 1995 to 2016. The results are stratified by age
group

(A)

Nickel allergy %

(positive/ total number tested) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age groups

6–30 years 27.5 (806/2936) 0.81 (0.73–0.89) 0.82 (0.74–0.91)

31–60 years 31.9 (2130/6680) 1.0 (reference) 1.0 (reference)

61–99 years 20.6 (433/2107) 0.55 (0.49–0.62) 0.56 (0.50–0.64)

Test year

1995–1999 29.6 (727/2454) 1.0 (reference) 1.0 (reference)

2000–2011 30.4 (1861/6117) 1.04 (0.94–1.15) 1.08 (0.97–1.21)

2012–2016 24.8 (781/3152) 0.78 (0.70–0.88) 0.87 (0.77–0.99)

Cobalt allergy

Negative 21.5 (2526/10622) 1.0 (reference) 1.0 (reference)

Positive 76.6 (843/1101) 10.47 (9.05–12.12) 10.37 (8.95–12.01)

(B)

Palladium (PdCl2) allergy %
(positive/ total number tested) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age groups

6–30 years 11.7 (344/2936) 0.85 (0.75–0.97) 0.98 (0.84–1.15)

31–60 years 13.5 (901/6680) 1.0 (reference) 1.0 (reference)

61–99 years 8.1 (171/2107) 0.57 (0.48–0.67) 0.81 (0.66–0.98)

Test year

1995–1999 13.6 (333/2454) 1.0 (reference) 1.0 (reference)

2000–2011 11.7 (713/6117) 0.84 (0.73–0.97) 0.77 (0.65–0.90)

2012–2016 11.7 (370/3152) 0.85 (0.72–0.99) 1.03 (0.85–1.24)

Nickel allergy

Negative 141/8354 1.0 (reference) 1.0 (reference)

Positive 1275/3369 35.47 (29.61–42.48) 35.7 (29.78–42.80)

ROSHOLM COMSTEDT ET AL. 223



contact with the skin such as coins or tools in the home environment,

including laptop computers. Such items have shown to release nickel

ions to the skin surface by one single touch and can lead to accumu-

lated nickel doses on the skin.29,30 Today, every household most likely

has at least one tablet or laptop, and new regulations might therefore

be needed. Furthermore, the REACH Regulation only controls items

imported to and bought in Europe, which means that items bought pri-

vately outside Europe can be a problem. In the general population in

Sweden there is a high number of immigrants from all over the world,

which means that some patients might had been sensitized to nickel

outside Europe, before they immigrated to Sweden. The above-

mentioned limitations in the REACH Regulation could, together with

the still high amount of nickel-containing cheap jewelries, hair clips, and

so on, on the Swedish marked, explain why the prevalence of nickel

allergy among young females with dermatitis still is as high as 19.1%. In

this study, hand dermatitis and atopy were not included as a variable in

the regression analysis because the data were not retrievable from the

database during the entire time period investigated.

Concerning palladium, this is the first study where the prevalence

of Na2PdCl4 sensitization over time in a patch-tested dermatitis popu-

lation is studied. We found the prevalence to be approximately 10%

and stable over 8 years (2009–2016). The prevalence of PdCl2 sensiti-

zation was investigated during a longer period, in which the nickel

directive came into force. As the concomitant reaction between

NiSO4 and PdCl2 had been an ongoing debate, we found it interesting

to look at the prevalence of PdCl2 together with the prevalence of

NiSO4. We found that the prevalence of PdCl2 sensitization had

decreased among the youngest females, hence following the preva-

lence of nickel sensitization. We also found that there was an

increased likelihood of palladium allergy if a person was nickel allergic.

When looking at the prevalence of Na2PdCl4 and PdCl2 together we

saw that the prevalence of palladium allergy increased among the

older females from 1995–1999 to 2012–2016. We think this increase

is due to the introduction of Na2PdCl4 as test salt for palladium in

2009, and not a result of increased palladium allergy. In previous

European studies in patients with dermatitis, the patch test substance

has been 1% PdCl2 pet., while we used 2% in pet. Still we do not find

a higher prevalence of PdCl2 sensitization. The prevalence of PdCl2

sensitization in different European populations has been reported to

be 5.3%–13%.20,31-35 In the United States, the sensitization to PdCl2

2% in pet. was 12.1% in the period from 1997–2006.36

The prevalence of nickel and PdCl2 allergy in Southern Sweden

follows the prevalence seen in many other European countries. In

contrast, the prevalence of positive reaction to Na2PdCl4 is more

divergent among the European countries. The prevalence of positive

reactions to Na2PdCl4 3% pet. was investigated in patients undergo-

ing routine diagnostic testing in European clinics (including Malmö) in

2011–2012,37 and large differences in the prevalence between the

clinics were found. Basel and Amsterdam had a prevalence of more

than 30%, whereas Leuven and Barcelona had a prevalence of 16%

and 20%, respectively. Malmö had the lowest prevalence, 11%,

together with Odense at 12%.37 In the aforementioned study, isolated

palladium allergy was associated with dental alloys.37 Palladium is

used in different dental alloys and the use varies between countries

as to whether it is used and to what extent. In Sweden the most com-

mon dental alloy is chrome-cobalt alloys38 which could explain why

we have much lower prevalence of palladium sensitization in Sweden.

However, it does not explain why Swedish women are more sensi-

tized to palladium than Swedish men, compared to the findings in

other European countries, where the prevalence of isolated palladium

allergy was the same among genders.37 From earlier studies we know

that the intensity of patch test reactions to NiSO4 varies over time.

This means that a person with a reaction to nickel by a later test occa-

sion only gets a weak reaction or no reaction at all and then again

later at another test occasion gets a positive reaction again.39,40 The

individuals who shows an isolated palladium allergy could therefore

actually have nickel allergy with a false-negative nickel reaction on a

particular test occasion and the positive reaction to palladium could

thus still reflect cross-sensitization. New results have suggested that

isolated reactions to Na2PdCl4 can be false positive in aluminium-

sensitized persons due to contaminating aluminium from aluminium

patch test chambers. (Y. Hedberg, personal communication 2019).

In contrast to nickel and palladium, the prevalence of isolated

cobalt allergy was similar among genders in our study, which might

reflect that dental alloys can be a cause of exposure for cobalt and

thus a reason for isolated cobalt allergy in Southern Sweden. Concom-

itant reaction to either palladium or cobalt is common in persons who

patch tested positive to nickel. Cross-reaction between nickel and pal-

ladium has been the general explanation to the concomitant reaction

between nickel and palladium.5-9 The fact that cobalt is often found in

nickel alloys makes it possible to be sensitized to nickel and cobalt

simultaneously.13 Especially nickel can activate T cells through differ-

ent immunological pathways, which means that a small amount of

nickel in a cobalt alloy can enhance the response to cobalt,41 and that

some other nickel-recognizing T cells react when stimulated with pal-

ladium.8 This is a synergistic effect of metal allergens, and reflects

what we saw in our results, namely, that the overall reactions to PdCl2

and CoCl2 decreased together with the decreasing prevalence of

nickel allergy. The fact that isolated allergy to palladium and cobalt

remained stable during the same time period is interesting, since this

might indicate different sensitization routes. That there might be

interference with patch test technique does, however, underscore the

importance of further studies.

In conclusion, contact allergy to nickel has decreased in Southern

Sweden from 1995 to 2016 among young patients, both men and

women, age 6–30 years, suspected to have contact dermatitis. Today

the prevalence of nickel allergy among younger female is 19.1%,

which still makes it the most common contact allergy. The REACH

regulation seems to have had an impact on the decrease in nickel

allergy. The enigma of a continued high prevalence of contact allergy,

especially in females, emphasizes the need for further studies on the

impact of nickel allergy. The prevalence of concomitant reactions

between nickel and palladium and nickel and cobalt followed the prev-

alence of nickel allergy among women, whereas the isolated allergies

to palladium and to cobalt remained stable during the same time

period. In Southern Sweden, women are still more often allergic to
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nickel and to palladium, whereas isolated cobalt allergy seems to be

equally distributed among genders.
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