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Summary

Background. Cobalt contact sensitization in consecutively tested patients is common.
The sources of exposure, and thus clinical relevance, are mostly unclear.

Objective. To examine (i) long-term time trends of sensitization, (ii) risk factors that may
point to relevant exposures, and (iii) coupling with nickel sensitization.

Methods. Data of all patients patch tested with cobalt(II) chloride hexahydrate (1% pet.)
between 1992 and 2012 (n=185050) in the Information Network of Departments of
Dermatology (IVDK, www.ivkd.org) were subjected to descriptive stratified and Poisson
regression analysis.

Results. The overall prevalence of positive patch test reactions was 5.23% (95% confi-
dence interal 5.13-5.33%). Regarding time trends, there were significant increases for
males aged 18—-44 years and for females aged >45 years, and a significant variation of
co-reactivity with nickel over time. Female sex almost doubled the risk of sensitization; age
>45 years was associated with a 30% decrease in the risk of positive patch test reactions
to cobalt, and atopic eczema with an approximately 20% increase.

Conclusions. Notwithstanding some diagnostic difficulties with the test preparation,
a persistent, notable proportion of cobalt sensitization, isolated or coupled with nickel
allergy, can be observed. This warrants further in-depth research into causative expo-

sures, both at the workplace and in consumers.
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Nickel, cobalt and chromium are common allergens, and
are therefore included in baseline series throughout the
world. In the case of nickel and chromium, the exposures
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responsible for induction of contact sensitization and elic-
itation of allergic contact dermatitis, respectively, have
been relatively well described, and, on the basis of this
knowledge, effective interventions have been established
in Europe, in terms of, for example, nickel regulation and
restriction of the concentration of hexavalent chromium
in cement (1) and, coming soon, leather (amendment to
Annex XVII of REACH) (2). However, regarding cobalt,
causative exposures are less well known, despite the fact
that it has been identified as a strong sensitizer in the
guinea-pig maximization test (3).

Although cases of sensitization to cobalt are sometimes
related to identifiable occupational exposures (4), a large
number of ‘non-occupational’ cases have also been seen,
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not infrequently linked to nickel sensitization. As ‘putative
non-occupational sources of cobalt exposure’, jewellery,
belts, accessories, make-up, tattoo ink, nail lacquer,
pigments, orthopaedic or dental implants and cleaners
and detergents (5) have been mentioned, although, for
the last of these, very low levels of 5 or even 1 ppm are
thought to be achievable in the production process, and
are probably safe for the majority of sensitized individuals
(6). Animal experiments on cross-reactivity between
nickel and cobalt have given negative results (7), whereas
an oral provocation study with nickel yielded flare-up
reactions of previous cobalt chloride patch test sites in
7 of 14 cobalt-allergic (and mostly also nickel-allergic)
patients (8). Hence, coupled sensitization can result from
either coupled exposure with independent sensitiza-
tion, be it by the same pathway, for example via human
Toll-like receptor-4 (9), or (partly) from immunological
cross-reactivity. In conclusion, it appears interesting to
examine the pattern of risk factors (as more or less specific
exposure surrogates) associated with cobalt sensitization,
and to compare these with nickel sensitization risk factors
(10). Moreover, any time trend during the study period
covering 21 years is of interest.

Methods

The Information Network of Departments of Dermatol-
ogy (IVDK), which is a network dedicated to the clin-
ical surveillance of contact allergy, has been described
elsewhere (11). Briefly, the participating departments are
predominantly located in Germany (n=59), but also
in Switzerland (n=4) and Austria (n=1). All centres
are members of the German contact dermatitis research
group, and adhere to international patch test guidelines
(12), which have been slightly refined (13). The members
collect patch test data along with clinical data and impor-
tantitems of the patient’s history electronically, and trans-
mit these data twice yearly to the data centre in Gottingen.
After a quality check, data from departments fulfilling the
quality requirements (14) are pooled and analysed. For
the present analysis, data of all patients patch tested with
cobalt(IT) chloride (1% in pet.) between 1992 and 2012
in the course of 185 050 consultations were considered.
The test material was supplied by Hermal/Trolab/Almirall
(Reinbek, Germany) during the entire study period. In
cases of multiple consultations by an individual patient,
only the first consultation was chosen. The annual num-
ber of patients tested in this period varied from 6128 in
1992 to 11325 in 2010, owing to (i) the increase in the
number of members of the network, and (ii) generally fluc-
tuating numbers of patients. Cobalt(IT) chloride hexahy-
drate (1% pet.) was part of the German baseline series
throughout the entire study period.

The annual prevalence of positive cobalt patch test
reactions was descriptively analysed, stratified for sex
and four age groups corresponding to the categorization
used in a previous analysis (15), that is, up to 17 years,
18-30years, 31-44years, and older than 44 years.
Within each of these eight strata, the Cochrane Armitage
test for trend was employed to assess monotonic temporal
changes in these prevalence rates. It should be noted
that, owing to very large variations in subsample sizes,
the statistical power to detect a trend as significant varied
between the eight strata. To address potential risk factors
for cobalt sensitization in this clinical sample, a Pois-
son regression analysis was performed. As an outcome,
reactions to cobalt chloride were dichotomized into pos-
itive, comprising + to +++ reactions, and non-positive,
comprising negative, irritant and doubtful reactions.
As an alternative, a three-level outcome was defined,
contrasting + and ++/+++ reactions, respectively, with
non-positive reactions. The following explanatory factors
were considered: (i) age in four categories as above, (ii) sex,
(iii) previous or current atopic eczema, (iv) anatomical
site of contact dermatitis, aggregated to six categories as
shown in Table 5a and missing or ‘other’ site, respectively,
(v) year of the patch test, and (vi) occupation, aggregated
to 49 job titles as shown in Table 5b. Up to three so-called
‘contactants’, that is, product categories considered to
be probably causative for the current episode of contact
dermatitis, chosen from a list of 54 categories, are rou-
tinely documented in the IVDK, and were additionally
considered for descriptive analyses. For data management
and analysis, R statistical software, version 3.0.1, was
used (16), following pertinent guidelines (17).

Results

The overall proportion of positive patch test reactions was
5.23% [95% confidence interval (CI) 5.13-5.33%]. The
overall frequencies of the three grades of positive reactions
were as follows: +, 3.47%; ++, 1.37%; and +++ reac-
tions, 0.39%. The distributions per year of positive reac-
tions in the four age strata for female and male patients
are shown in Fig. 1a,b.

Crystallization of cobalt chloride hexahydrate has been
reported to occur and to potentially cause a peculiar type
of reaction with erythema and petechiae (18). As these
reactions could be mistaken for erythematous and even
infiltrated reactions, that is, weak positive reactions (see
Discussion), a more conservative ‘positive’ outcome was
defined, based on ++ and +++ reactions alone. The corre-
sponding time trend analysis, stratified as above, is shown
in Fig. 2a,b. No significant trend was observed in this
analysis, except for a significant upward trend (p = 0.001)
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Fig. 1. Prevalence of positive patch test 4 :
reactions (+ to +++) to cobalt chloride, 1% —
pet., between 1992 and 2012 in the 2 —
Information Network of Departments of =
Dermatology, stratified for four age groups 0 —
[up to 17 years (n=5245), 18—-30 years
(n=32386), 31-44 years (n=40 149), (b) 1992 1994
and > 44 years (n=106 535)] and (a) male 14 N N E—
(n=1750,n=11179,n=16 184, and female

n=39 203, respectively) and (b) female
(n=3495,n1=21207,n=23965, and
n=67 332, respectively) patients. During
the study period, the proportion of patients
aged up to 44 years decreased, and the
proportion of the older patients increased
significantly (p < 0.0001). Annual
prevalence rates were smoothed by use of a
3-year moving average centred around lag
0. Trends were significant (p < 0.05) for
males between 18 and 44 years of age and —
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for the oldest females (age >45 years).

in the subgroup of the oldest female patients. The pro-
portion of +++ reactions remained almost unchanged
throughout the years (p > 0.4), including in the subgroup
of female patients (p > 0.2).

As cobalt sensitization often coincides with nickel sen-
sitization, the joint distribution of patch test results for
both metal haptens was analysed, with a slightly aggre-
gated categorization of patch test reactions (Table 1). A
highly significant association was found (p < 0.0001, x?
test). The overall prevalence ratio (PR, which can be inter-
preted as relative risk) of cobalt sensitization in the pres-
ence of nickel sensitization was 8.04 (95% CI 7.73-8.36).
The PR for nickel sensitization in the presence of cobalt
sensitization was 4.73 (95% CI 4.63—4.83). This means
that the risk of being sensitized to cobalt in nickel-allergic
patients is almost twice as high as the risk of being sensi-
tized to nickel in cobalt-allergic patients.

The characteristics of patients sensitized to either
cobalt or nickel or both were compared according to
the MOAHLFA index (19) (Table 2). Patients sensitized
to cobalt alone were much more often men than in the
other two subgroups, and suffered slightly more often
from occupational (and) hand dermatitis, with an age
distribution more similar to the average than if nickel sen-
sitization was (also) present. Table 3 shows contactants
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for which a significant and positive bivariate association
with cobalt sensitization was found, which is quantified
by odds ratios with accompanying 95% ClIs.

Besides product types considered to be causative for the
current episode of dermatitis, that is, contactants, the job
title of the current occupation is an important surrogate
for different exposures, and was thus subjected to a bivari-
ate analysis for those occupations with an above-average
sensitization prevalence (Table 4). For illustration of the
patient characteristics, the MOAHLFA index, mean age
and prevalence of positive reactions to nickel in the sub-
groups reacting positively and negatively to cobalt were
compared.

Although the stratified analyses offered some insights
into variation in cobalt sensitization prevalence with sex,
with age, over time, and in categories of contactants
and occupations, a Poisson regression analysis aimed at
identifying risk factors for cobalt sensitization in a more
detailed and mutually adjusted manner, following previ-
ous similar analyses, for example regarding nickel (10)
or methylisothiazolinone (20) (Tables 5a and 5b; the
presentation of results of the three models is split into
two tables for better readability), was performed. First,
no steady time trend was found, in accordance with the
descriptive results shown in Figs. 1 and 2a,b. Hence, it
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Fig. 2. (a,b) Prevalence of positive patch
test reactions (++ or +++) to cobalt
chloride, 1% pet., between 1992 and 2012
in the Information Network of
Departments of Dermatology, stratified and
smoothed as in Fig. 1. An increasing trend
was significant (p < 0.05) for the oldest
females (age >45 years).

is appropriate to include the year of patch test as a fac-
tor, and not as a linear term, in the Poisson modelling.
Female patients had an almost doubled risk of being sensi-
tized to cobalt. As compared with the youngest age group
chosen as the reference, the risk of cobalt sensitization in
the two ‘middle-aged’ groups was slightly, but not signif-
icantly, increased, and was significantly lower in patients
aged >45 years. Past or current atopic eczema was asso-
ciated with an approximately 20% increase in the risk
of cobalt sensitization. Regarding anatomical sites of der-
matitis (at or prior to presentation for patch testing), the
trunk served as an arbitrary reference. As compared with
this body region, hand dermatitis was strikingly associ-
ated with cobalt sensitization (~50% increase in risk),
whereas dermatitis of the arms and of the head (including,
in this aggregation, the earlobes) was only weakly associ-
ated with cobalt sensitization.

The role of occupational exposure, as crudely reflected
by the current job title, is evident from the second half
of the Poisson regression analysis shown in Table 5b.
As no natural reference category for a nominally scaled
variable such as job title exists, a ‘medium-risk’ refer-
ence group, namely teachers, was chosen. Although the
numerical values of the risk estimates (PRs) depend on

Table 1. Coupled reactivity between cobalt and nickel (absolute
numbers): the upper percentages refer to row percentage, i.e. the pro-
portions of graded nickel reactions in the strata of cobalt reactions;
the lower percentages refer to column percentage, i.e. the proportion
of graded cobalt reactions in the strata of nickel reactivity

Nickel
Cobalt Negative IR/? + ++/+++
Negative 144432 3048 10583 9141
86.4% 1.8% 6.3% 5.5%
94.9% 73.5% 80.2% 67.4%
IR/? 4064 884 790 774
62.4% 13.6% 12.1% 11.9%
2.7% 21.3% 6% 5.7%
+ 2800 164 1521 1803
44.5% 2.6% 24.2% 28.7%
1.8% 4% 11.5% 13.3%
++/+++ 955 53 306 1835
30.3% 1.7% 9.7% 58.3%
0.6% 1.3% 2.3% 13.5%

IR, irritant reaction; ?, doubtful reaction.

this choice, the ranking of risk, and its variation (by a fac-
tor of almost 4), is definite. The top four occupations, with
significantly elevated adjusted risk as compared with the
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Table 2. MOAHLFA factors in all patients tested with cobalt chloride
and nickel sulfate (n =183 153) as compared with patients positive
only for cobalt, for nickel and cobalt, and only for nickel

% overall % Co only % Co and Ni % Ni only
Factor n=183153 n=3972 n=>5465 n=21288
Male 37.3 40.4 12.8 13.2
Occupational 15.1 23.7 20.1 17.5
Atopic eczema 18.4 24 23.4 21.4
Site: hand 283 40.5 36 30.3
Site: leg 11 9.1 4.2 5.9
Site: face 15.6 10.1 16.3 18.4
Age >40years 66 63.7 48.5 514

reference category, were construction workers, metal sur-
face treaters, cashiers, and printers.

As there may have been time trends in the use of cobalt
or nickel, and as there are subsequent downward trends of
nickel allergy at least in subgroups of patients (15, 21), a
supplemental logistic regression analysis was performed,
involving the same variables as before (Tables 5a and 5b),
but also nickel sensitization (dichotomous) and an inter-
action term between nickel sensitization and the (factor-
ized) year of patch testing. Highly significant associations
(p=0.00001) between all factors considered, including
the interaction between year of patch test and nickel reac-
tivity on cobalt reactivity, were found in this analysis.
Hence, the association between cobalt and nickel sensiti-
zation varied significantly between the years.

Discussion

The present analysis includes patch test data collected for
a large number of patients (n=185 050) during a study
period of 21 years. Hence, any time trend, even in a rela-
tively small subgroup, should become evident. However,
although considerable variation was noted over time, no
downward trend was observed. On the contrary, all sig-
nificant trends seen in some subgroups were upwards
(Fig. 1). Consideration of only ++ and +++ reactions
(Fig. 2) shows a similar pattern, albeit evidently with a
lower level of prevalence. Considering just extreme pos-
itive reactions, the proportion remained stable in our
data, in contrast to a long-term Danish analysis identi-
fying a significant decrease (22); the reason for this is
unknown. The more or less pronounced ‘hump’ in the
years 2002—2007 is difficult to explain; a similar, albeit
smaller, study in Italy found a similar increase and sub-
sequent decrease in cobalt sensitization (23), and a Dan-
ish study covering 1992-2009 found a similar increase
towards the end of the study period (24).

Regarding the validity of positive patch test reactions
to 1% cobalt chloride hexahydrate in pet. —as used in

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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the present study and in baseline series throughout the
world — some authors have advised caution. Hausen and
Schubert (18) observed, under the microscope, relatively
large, sea urchin-like crystals in the test allergen prepa-
ration a few months after manufacture. The test prepara-
tion can be re-homogenized to its initial state with only
fine particles by running it through a roller mill sev-
eral times, and then refilling the syringe; however, it is
unclear whether this advice has been taken up. If the test
preparation with these large crystals is applied occlusively
in a patch test, a reddish discolouration, with follicular
accentuations appearing like petechiae, is often observed.
Several years earlier, Fischer and Rysted published sim-
ilar clinical observations obtained with standard metal
patch test preparations, including cobalt chloride in pet.
(25), but, unfortunately, no laboratory analyses of the test
material. In their analysis in 853 hard-metal workers,
in 77 of those with a history of occupation-related hand
dermatitis, more ‘poral’ or pustular reactions (12.1%)
were observed than morphologically allergic reactions
(7.3%) or erythematous reactions without infiltration
(3.5%). None of the 99 patients with ‘poral’ reactions
who could be re-tested subsequently with serial dilu-
tion testing had an allergic reaction, whereas, in 44 of
99, this peculiar type of reaction was confirmed — much
more often with pet.-based than with water-based aller-
gen preparations. From the morphological description, it
appears likely that the crystallization process described
later may have been the cause of the observed reactions.
Concerning weak allergic reactions, only 3 of 19 ini-
tial + reactions were reproduced upon re-testing (25).
A histopathological study on patch test reactions to 1%
cobalt chloride in pet. macroscopically resembling closely
the peculiar reactions observed by Hausen and Schu-
bert and probably the ‘poral’ reactions observed by Fis-
cher and Rysted showed that this metal salt has a toxic
effect on the eccrine acrosyringium (26). In conclusion,
concerning the patch test data underlying the present
analysis, and any other such data, for that matter, it is
possible that such non-specific irritant reactions, which
sometimes appear as slightly papular, may have been
classified by some dermatologists as + in a certain, pos-
sibly small, but indeterminable proportion of all docu-
mented + reactions (not likely in case of ++ or +++
reactions).

The above phenomenon makes the observed preva-
lence rates (of + reactions) somewhat uncertain, and
should possibly prompt a reconsideration of how cobalt
sensitization is patch tested for. Notwithstanding this
limitation, the observed variability, for example between
patients working in different occupations, also if + reac-
tions are included, illustrates that false-positive reactions
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Table 3. Contactants versus cobalt sensitization, based on data of 153 593 patients who (i) were tested with cobalt chloride and (ii) had at
least one contactant documented; up to three contactants can be documented

Contactant n (test) % positive OR 95% Cl

Newly built houses 37 16.22 3.44 1.43-8.25
Jewellery, watches etc., non-metal 187 14.97 3.13 2.09-4.68
Jewellery, watches etc., metal 2277 12.17 2.46 2.17-2.79
Metal, other, e.g. coins 3987 11.79 2.37 2.15-2.62
Leather, excluding gloves 3436 8.67 1.69 1.50-1.91
Building materials 3400 8.59 1.67 1.48-1.89
Shoes, boots (all materials) 3379 8.29 1.60 1.41-1.81
Metal, as work materials (e.g. in turners) 4137 7.37 1.41 1.25-1.59
Gloves (all materials) 10398 7.31 1.40 1.30-1.51
Food (additives) 3233 6.53 1.24 1.08-1.43
Disinfectants 10505 6.49 1.23 1.13-1.33
Hair cosmetics 6394 6.47 1.23 1.11-1.36
Household and other cleaners 5073 6.07 1.15 1.02-1.29
Rubber, excluding gloves 10475 5.83 1.10 1.01-1.20

CI, confidence interval; OR, odds ratio.

may cause some ‘statistical noise’ but do not make the
results meaningless.

The analysis of the distribution of MOAHLFA factors
offers the first insights into different profiles of cobalt sen-
sitization that may exist: patients sensitized only to cobalt
were much more often men, and an occupational con-
text was more common, whereas patients sensitized to
cobalt and nickel tended to be more similar to patients
sensitized only to nickel; however, this was not a very pro-
nounced difference. The mutually adjusted multifacto-
rial regression analysis was primarily aimed at identifying
risk factors (exposure surrogates) for cobalt sensitization,
and was thereby not repeating a previous analysis that
concentrated on a limited set of risk factors associated
with solitary or coupled sensitization to cobalt, nickel, and
chromium (27).

In line with the sex-stratified and age-stratified results
(Figs. 1 and 2), patients aged <45 years had a similar risk
of cobalt sensitization according to the Poisson regression
analysis, whereas those aged >45 years had a substan-
tially reduced risk of being sensitized, this being mainly
driven by female patients. Significant variation, but no
consistent, clear time trend, was observed for the tem-
poral development of cobalt sensitization over the period
of investigation. The evaluation of the temporal develop-
ment was further complicated by the significant interac-
tion between nickel sensitization and year of patch testing.
The fact that the hands are evidently associated with
cobalt sensitization is difficult to interpret, as this may be
attributable to occupational exposures (e.g. in construc-
tion workers) or to non-occupational exposures (e.g. jew-
ellery). Focusing on the different occupations, aggregated
basically according to previous similar analyses (10, 28),
shows some variation in adjusted cobalt sensitization risk.

A number of clearly identifiable high-risk occupations are
apparent (see also Table 4):

e Construction workers have a well-known high
risk of chromium sensitization; cobalt con-
tact sensitization is known to often accompany
chromium-induced allergic contact dermatitis (29,
30). It is as yet unclear whether the recent, signifi-
cant decline in cement-related chromium dermatitis
in the building trade will additionally contribute to
a decline in isolated cobalt sensitization in this field.

e Metal surface treaters, for example galvanizers, may
be exposed if cobalt-containing electrolyte solutions
are involved, for instance in the Achrolyte’ process
available since the 1970s, an electroplating proce-
dure with 80% tin and 20% cobalt, yielding a shiny
and resistant metal surface. It is furthermore pos-
sible that such coated objects are available on the
consumer market from certain sources, including
costume jewellery (K. Leydendecker, pers. comm.
2014), but it is not known to what extent these
coated objects liberate cobalt.

e Exposure of cashiers, almost exclusively female,
to metals (coins) is traditionally considered to be
insufficient for elicitation of allergic contact der-
matitis caused by these metals. Short, repetitive
exposure to metal objects such as coins on skin is
not reflected by standard methods for determining
metal release, such as EN 1811:2012 for nickel,
aimed at detecting release after prolonged contact
with the skin. However, as the previous ‘Deutsche
Mark’, the former GDR coins, the current euro
coins (also Swiss francs and rappen and the previ-
ous Austrian schilling) are known not to contain
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Table 5a. Non-occupational risk factors: results of a Poisson regression analysis with (i) a +, (ii) a ++ or +++ and (iii) a + to +++ patch test
reaction to cobalt chloride (1% pet.) as outcome. Risk is quantified by the prevalence ratio (PR) with accompanying 95% confidence interval
(CI). The second column shows the prevalence of the risk factor (%). ‘Other’ and missing anatomical sites were included in the model, but the
results are not shown

+ +4+/+++ + to +++
Risk factor % PR 95% Cl PR (95% Cl) PR 95% Cl
Year of test
1992 3.3 1.00 Reference 1.00 Reference 1.00 Reference
1993 4.3 1.13 0.90-1.41 1.15 0.88-1.50 1.13 0.95-1.35
1994 4.9 1.28 1.03-1.59 0.97 0.74-1.27 1.15 0.97-1.36
1995 4.5 1.17 0.94-1.45 1.03 0.78-1.34 1.10 0.93-1.31
1996 4.3 0.99 0.79-1.25 0.99 0.75-1.30 0.99 0.83-1.18
1997 4.5 1.08 0.86-1.36 1.22 0.94-1.59 1.13 0.95-1.34
1998 4.5 1.33 1.07-1.65 0.84 0.63-1.11 1.13 0.95-1.34
1999 4.5 1.90 1.55-2.34 1.35 1.04-1.76 1.66 1.41-1.95
2000 4.2 1.46 1.18-1.82 0.90 0.68-1.20 1.23 1.03-1.46
2001 4.1 1.64 1.33-2.04 1.12 0.85-1.49 1.42 1.20-1.68
2002 3.7 2.04 1.65-2.52 1.23 0.93-1.63 1.69 1.43-2.00
2003 4.4 2.22 1.81-2.72 1.83 1.42-2.35 2.01 1.72-2.35
2004 4.7 1.73 1.40-2.13 1.46 1.13-1.89 1.59 1.36-1.87
2005 4.3 1.75 1.42-2.16 1.22 0.93-1.61 1.52 1.28-1.79
2006 4.8 1.94 1.58-2.39 1.57 1.21-2.02 1.76 1.50-2.06
2007 5.5 1.99 1.63-2.43 1.73 1.35-2.22 1.84 1.58-2.16
2008 5.5 1.89 1.55-2.32 1.48 1.15-1.90 1.69 1.45-1.98
2009 5.9 1.41 1.14-1.73 1.05 0.81-1.37 1.26 1.07-1.48
2010 6.1 1.20 0.97-1.48 0.89 0.68-1.16 1.07 0.91-1.26
2011 6.1 1.49 1.22-1.83 0.90 0.68-1.17 1.25 1.06-1.47
2012 5.6 1.57 1.28-1.94 1.03 0.79-1.35 1.35 1.14-1.58
Female sex 62.9 1.75 1.63-1.87 2.85 2.56-3.16 1.99 1.88-2.11
Age (years)
1-17 2.8 1.00 Reference 1.00 Reference 1.00 Reference
18-30 17.5 1.03 0.88-1.20 1.13 0.89-1.43 1.05 0.93-1.20
31-44 21.7 1.00 0.86-1.17 1.38 1.09-1.74 1.1 0.97-1.26
45-99 57.6 0.69 0.59-0.80 0.75 0.59-0.94 0.71 0.63-0.80
Atopic eczema 14.6 1.22 1.15-1.31 1.14 1.04-1.25 1.19 1.13-1.26
Site
Trunk 15.5 1.00 Reference 1.00 Reference 1.00 Reference
Hand 28.5 1.41 1.30-1.53 1.90 1.68-2.15 1.53 1.43-1.64
Arm 39 1.07 0.93-1.24 1.39 1.13-1.71 1.16 1.03-1.30
Feet/leg 14.3 1.01 0.91-1.11 1.1 0.94-1.30 1.03 0.95-1.12
Face 15.5 0.87 0.79-0.96 1.08 0.94-1.25 0.93 0.86-1.01
Head/neck 4.3 1.08 0.95-1.24 1.30 1.07-1.58 1.14 1.02-1.27
cobalt [in contrast to nickel, to which a high preva- e Printers may be exposed by using cobalt-containing
lence of (co-)sensitization was observed; Table 4], inks (4); other potential sources of exposure need to
the finding of an increased risk of cobalt contact be investigated.

allergy in cashiers is hard to explain, considering Shifts in the ranking of job titles associated with cobalt

sensitization between the crude analysis (Table 4) and the
adjusted analysis (Table 5b) point to some confounding,
resins used in the production of bank notes may for example by age and sex. The finding of an average
contain cobalt. Interestingly, a previous, similarly  risk of cobalt sensitization in metal workers (Table 5b),
adjusted multifactorial analysis of nickel allergy despite the observation that hard-metal workers are not
showed a moderately elevated risk of sensitization in infrequently found to be sensitized to cobalt (31), and that
cashiers (10). hard metals release potentially eliciting cobalt levels (32),

the fact that this analysis was age-adjusted and
sex-adjusted. It may be speculated that dyes or

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 5b. Occupational risk factors: results of a Poisson regression analysis with (i) a +, (ii) a ++ or +++ and (iii) a + to +++ patch test reaction
to cobalt chloride (1% pet.) as outcome. For further explanation see legend to Table 5a. A subgroup with ‘undetermined exposure’ (n= 66 868,
mainly old-age pensioners and students) is not considered in this table

+ +4+/+++ + 10 +++

Risk factor (job title) % PR 95% Cl PR 95% Cl PR 95% Cl

Construction worker 1.3 1.64 1.29-2.07 3.57 2.52-5.04 2.03 1.67-2.47
Metal surface treater 0.1 0.97 0.48-1.97 3.72 1.91-7.23 1.63 1.01-2.62
Cashier 0.2 1.40 0.94-2.09 2.05 1.19-3.53 1.54 1.12-2.12
Printer 0.3 1.54 1.00-2.35 1.34 0.58-3.08 1.49 1.02-2.17
Leather worker 0.1 1.08 0.57-2.03 2.31 1.11-4.80 1.38 0.86-2.23
Driver or petrol station attendant 0.8 1.02 0.73-1.41 2.64 1.73-4.04 1.37 1.06-1.78
Photographer 0.1 1.25 0.64-2.44 1.48 0.54-4.06 1.30 0.75-2.28
Metal bender 0.1 1.46 0.72-2.97 0.65 0.09-4.66 1.30 0.67-2.54
Sales personnel 1.7 1.10 0.88-1.37 1.89 1.37-2.59 1.29 1.08-1.54
Office worker 12.7 1.13 0.97-1.32 1.73 1.35-2.22 1.28 1.12-1.45
Textile worker 0.5 1.16 0.84-1.62 1.60 0.99-2.59 1.27 0.97-1.66
Guest service worker 0.8 1.20 0.93-1.56 1.50 0.99-2.26 1.27 1.02-1.59
Mail clerk 0.3 1.07 0.71-1.61 1.84 1.07-3.16 1.25 0.90-1.73
Florist 0.7 0.98 0.73-1.31 1.83 1.24-2.71 1.20 0.95-1.51
Precision mechanic 0.2 0.89 0.53-1.50 2.19 1.18-4.04 1.20 0.81-1.79
Cook 1.3 0.91 0.71-1.17 2.03 1.46-2.83 1.19 0.98-1.45
Security service worker 0.9 0.8 0.57-1.12 2.47 1.64-3.70 1.17 0.91-1.51
Metal furnace operator 0.1 1.23 0.65-2.32 0.90 0.22-3.68 1.16 0.65-2.08
Painter 0.6 1.00 0.70-1.44 1.53 0.87-2.69 1.13 0.83-1.53
Logistics personnel 0.8 1.01 0.74-1.38 1.49 0.92-2.40 1.13 0.87-1.46
Animal care 0.1 0.73 0.34-1.55 2.24 1.07-4.65 1.12 0.67-1.89
Cleaner 2.0 0.99 0.80-1.22 1.43 1.04-1.96 1.10 0.93-1.31
Healthcare worker 5.0 0.92 0.78-1.09 1.55 1.19-2.02 1.09 0.94-1.25
Domestic worker 9.4 0.94 0.81-1.11 1.35 1.04-1.75 1.05 0.92-1.20
Civil engineer 2.2 0.9 0.71-1.14 1.52 1.06-2.18 1.05 0.86-1.28
Artist 0.4 0.92 0.58-1.44 1.45 0.77-2.75 1.05 0.73-1.51
Glass maker or potter 0.1 0.54 0.17-1.68 2.50 1.01-6.21 1.03 0.51-2.09
Metal worker 0.9 1.00 0.74-1.35 1.06 0.61-1.83 1.03 0.79-1.34
Cosmetician 0.4 0.90 0.61-1.31 1.42 0.86-2.37 1.03 0.76-1.40
Mechanic 2.7 0.90 0.73-1.12 1.35 0.95-1.91 1.02 0.85-1.22
Meat or fish processor 0.3 0.79 0.49-1.26 1.71 0.96-3.04 1.02 0.71-1.47
Teacher 2.8 1.00 Reference 1.00 Reference 1.00 Reference
Physician or surgeon 1.5 0.86 0.68-1.09 1.42 1.01-1.99 1.00 0.83-1.21
Chemical worker 0.7 0.80 0.56-1.13 1.42 0.88-2.27 0.96 0.72-1.26
Paper maker 0.1 0.68 0.32-1.45 1.67 0.72-3.84 0.94 0.54-1.64
‘Other’ occupation 36.1 0.85 0.74-0.99 1.16 0.90-1.48 0.94 0.82-1.06
Medical assistant 0.7 0.77 0.56-1.07 1.31 0.85-2.01 0.92 0.71-1.19
Plastics manufacturer 0.6 0.92 0.65-1.29 0.77 0.42-1.43 0.89 0.66-1.19
Pharmacist 0.2 0.78 0.43-1.44 1.19 0.51-2.73 0.89 0.55-1.45
Hairdresser 1.5 0.72 0.57-0.91 1.17 0.84-1.64 0.85 0.70-1.02
Electrician 0.8 0.68 0.46-0.99 1.35 0.79-2.30 0.84 0.62-1.14
Baker or confectioner 0.6 0.72 0.51-1.01 1.19 0.73-1.92 0.84 0.64-1.11
Miner 0.1 0.59 0.22-1.58 1.61 0.51-5.14 0.82 0.39-1.74
Carpenter 0.6 0.71 0.46-1.09 0.54 0.22-1.35 0.69 0.47-1.02
Forestry worker 0.1 0.39 0.06-2.82 1.49 0.21-10.74 0.64 0.16-2.56
Rubber manufacturer 0.1 0.54 0.13-2.18 0.86 0.12-6.18 0.63 0.20-1.96
Locksmith 1.0 0.54 0.37-0.79 0.81 0.43-1.50 0.61 0.44-0.85
Agricultural worker 0.5 0.42 0.24-0.74 0.89 0.44-1.78 0.55 0.36-0.85
Metal jointer, including solderer 0.2 0.31 0.10-0.97 1.10 0.35-3.50 0.50 0.22-1.12

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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may be attributable to a dilution of the risk in this particu-
lar subgroup through a majority of metal workers having
no contact with hard metals. A previous, more detailed
analysis found 7.6% of positive reactions to cobalt in male
metal workers exposed to water-based cutting fluids, as
compared with 3.8% in male metal workers not exposed
to water-based cutting fluids (33). The role of occupation-
ally used materials is limited to the relatively small share
of persons working in these fields; nevertheless, there is a
need to improve prevention in these areas.

In addition to this, broad exposure to cobalt via var-
ious consumer items (34—38) should be considered.
The association found between ‘leather’ and ‘shoes’
as culprit contact materials, and that between the job
title ‘leather worker’ and cobalt allergy, may point to a
role of cobalt in dyes used in ‘pre-metallized dyeing’ of
leather products (36). Beyond results from surveys using
the cobalt spot test (39) cited above, analytical mea-
surements have shown cobalt in amounts over 5 ppm
in 5 of 52 samples of ‘toy make-up’ (40). However, the
approximately average risk in cosmetologists (Table 5b)
does not seem to point to cosmetics being a broadly
relevant source of cobalt. Recently, published routine
surveillance data on earrings and piercing jewellery in
Germany have shown that exposure via these everyday
contacts is considerable (41): 38 of 87 earrings and
piercing jewellery items had at least one part releas-
ing cobalt in measurable amounts. The median cobalt
release was estimated to be 0.013 pg/cm?/week, 75%
of the parts released up to 0.085 pug/cm?/week, and
22.1% of posts released >0.2 pg/cm?/week. In the spe-
cial work environment of dental technicians, both tools
(n=21) and dental alloys (n = 5) released cobalt amounts
between 0.0047-820 and 0.0010-17 pg/cm?/week,
respectively, after immersion in artificial sweat (42).

Even though the cobalt spot test (39) improves the
chances of detecting relevant sources of cobalt exposure
in the individual environment of a patient, it has become
available only recently. Hence, information on clinical rel-
evance (as in the present IVDK data) will usually build
on similar considerations as in the case of nickel (except
in the particular occupational context mentioned earlier),
and will thus be difficult to rely on. A Danish study found
that only 25% of cobalt reactions were clinically rele-
vant — at the same time stating that ‘there is a need for fur-
ther studies to determine sources of cobalt exposure’ (35).

Asin previous analyses, pronounced coupled reactivity
between cobalt and nickel was observed, with the typi-
cal ‘asymmetry’ of the estimates of relative risk (in con-
trast to an odds ratio that is invariate), because more
patients are sensitized to nickel than to cobalt (Table 1).
In some subgroups, for example the high-risk occupations
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analysed in more depth, huge differences in coupled reac-
tivity were apparent (Table 4), most likely because of cou-
pled exposure rather than immunological cross-reactivity
(which would be expected not to vary with surrogate
markers of exposure, but probably with the intensity of
sensitization to the respective metal). The fact that at
least some subgroups, namely the youngest males and
females, may recently have benefited from nickel regula-
tion to some extent (15, 21) may explain the significant
heterogeneity of the nickel—cobalt coupling across the
years; an effect of this regulation on cobalt sensitization
prevalence rates is not apparent, and would also not have
been expected. On the contrary, it has been suggested that
cobalt may have partly replaced nickel in costume jew-
ellery (43). On comparison with a similar analysis with
nickel allergy as outcome (10), some similarities in terms
of risk factors can be observed: (i) female sex is a risk fac-
tor, albeit a less strong one; (ii) young age is associated
with cobalt sensitization, as it is with nickel sensitization,
although not nearly as strongly; and (iii) there is limited
overlap in terms of high-risk occupations (e.g. concern-
ing metal surface treaters and cashiers). In contrast, con-
struction workers have an approximately average risk of
nickel sensitization, whereas cobalt sensitization is quite
common (29, 30). Although other cobalt-specific indus-
trial exposures, for example to cobalt pigments or resins,
may contribute to a partly diverging sensitization pattern,
the similarities noted above point to similar exposures in
a non-occupational context, namely metal objects of var-
ious sorts (34-38).

In conclusion, clinical data indicate a persisting prob-
lem, and the as yet limited exposure data point to poten-
tial sources of exposure. Further studies need to address
dose—elicitation relationships to identify levels of expo-
sure regarded as tolerable for the prevention of sensitiza-
tion (and for the prevention of elicitation, at least for the
vast majority of sensitized individuals). These data can
then be used as an evidence base for future regulation of
cobalt release, similar to the regulation of nickel under
REACH (2).
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