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Summary

Background. Cosensitization to nickel, cobalt and chromium occurs in the general
population and in some occupational groups.

Objectives. To estimate the isolated and concurrent occurrence of nickel, cobalt and
chromium contact sensitization and their association with individual and occupational
risk factors.

Patients/methods. Twelve thousand four hundred and ninety-two patients were
patch tested with the European baseline series between 1997 and 2004 in north-
eastern Italy. The associations between patch test results and patient characteristics and
occupations were investigated by means of multinomial logistic regression analysis.
Results. Of the patients, 34.7% (4334 patients) had one or more positive patch
test reactions to metals. As compared with those with negative reactions to all three
metals, nickel sensitization was significantly higher in females than in males, not
only as monosensitization, but also as cosensitization with cobalt, with chromium, or
with both metals. Building and related trades workers showed positive reactions to
chromium + nickel [odds ratio (OR) 1.99; 95% confidence interval (CI) 1.05-3.76) and
chromium + cobalt (OR 2.61; 95% CI 1.46—-4.67]. Cleaning workers showed a high
prevalence of nickel, chromium, nickel + chromium and nickel + cobalt 4+ chromium
cosensitization (ORs 1.29, 1.66, 2.11, and 1.79, respectively). An excess risk for
cosensitization to all three metals was found in textile and leather workers (OR 2.19;
95% CI 1.10-4.33), and in bartenders (OR 2.10; 95% CI 1.03-4.26).

Conclusions. Some occupational groups are more likely to develop nickel, cobalt and
chromium cosensitization.

Key words: chromium; cobalt; cosensitization; dermatitis; nickel; occupation; patch
test.

Contact allergies to nickel, cobalt and chromium are
common, may cause allergic contact dermatitis, and
frequently occur simultaneously in the general popu-
lation (1-4) and in some occupational groups(5-9).
Their prevalence and trend may be dependent on
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age and sex, and influenced by social, cultural and
occupational aspects (1, 10—17). Our previous study con-
firmed that the prevalence of metal monosensitization is
significantly different between the sexes, and showed asso-
ciations between some occupations and nickel, chromium
and cobalt allergy (18). Concurrent nickel, cobalt and
chromium sensitization is frequently seen in patients
with allergic contact dermatitis (3, 4, 19). A large
multifactorial analysis of concurrent patch test reac-
tions by Hegewald et al. showed that nickel + chromium
and nickel + cobalt cosensitization were overrepresented
among female patients, and confirmed the occupational
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relevance of cobalt + chromium allergy in building
workers (20).
The aims of this study were:

e To estimate the prevalence of isolated and
concurrent contactsensitization tonickel, cobalt and
chromium in a population of consecutive patients
who attended units of dermatology or occupational
medicine in north-eastern Italy for allergic contact
dermatitis;

e To investigate the association between isolated and
concurrent nickel, cobalt and chromium sensitiza-
tion and various individual and occupational risk
factors.

Patients and Methods

Patients

From 1997 to 2004, a total of 15217 consecutive
patients with symptoms and/or signs of suspected allergic
dermatitis were patch tested in eight units of dermatology
or occupational medicine in north-eastern Italy (Belluno,
Bolzano, Padova, Pordenone, Rovereto, Rovigo, Trento,
and Trieste). A standardized questionnaire was used
to collect information about individual characteristics
and occupational history. We excluded 753 patients
with missing responses to personal and occupational
history or with incomplete patch testing. Moreover, 1972
retired people were also excluded from data analysis,
because of insufficient or lack of reliable information about
their previous occupations. Finally, 12 492 consecutive
patients were included in the study. Details of the surveyed
population have been reported in a previous paper (18).

Patch tests

The patients were patch tested with the European baseline
series (21), using Finn Chambers® on Scanpor® tape.
The tested allergens included nickel sulfate 5.0% in
petrolatum, cobalt(IT) chloride 1.0% pet., and potassium
dichromate 0.5% pet. All allergens were applied on the
upper back and removed after 48 hr. The sites were
examined on removal and 24 hr after removal, according
to the International Contact Dermatitis Research Group
guidelines (22). Positive reactions of +, ++ and + + +
grades were considered to be positive.

Statistical analysis

Data analysis was performed with spss™ (version 13.0).
Continuous variables were summarized by using the
mean as a measure of central tendency and the standard

deviation (SD) as a measure of dispersion. Categorical data
weretabulatedinto 2 x kork x k contingency tables. The
associations between patch test results and individual
characteristics and occupations were investigated by
means of multinomial logistic regression analysis. The
dependent variable included positive reactions to the three
metals considered (isolated or concurrent sensitization
to nickel, cobalt and chromate, mutually exclusive)
as previously described by Hegewald etal. (20). The
independent variables included in the logistic models
were age (four categories: <27, 28—-37, 38—47 and
>47 years), sex, number of positive reactions to other
allergens (apart from the three metals), and occupations.
Oddsratios (ORs) and 95% confidence intervals (CIs) were
estimated from the coefficients and the standard errors of
logistic regression output, assuming negative reactions to
all three metals as the reference category. Trend across
categories was assessed by means of the likelihood-ratio
test. A p-value of <0.05 was established as the limit of
statistical significance.

Results

The study population included 8687 women (69.5%)
and 3805 men (30.5%). The mean age was 38 years (SD
13.7 years). Of the patients, 65.3% (n = 8158) had neg-
ative patch test reactions to metals (nickel, cobalt, and
chromium), 18.5% (n = 2314) reacted positively only to
nickel, 2.7% (n = 342) reacted positively only to cobalt,
4.1% (n = 516) reacted positively only to chromium,
4.7% (n=593) reacted positively to nickel and
cobalt, 1.7% (n = 209) reacted positively to nickel and
chromium, 1.4% (n = 171) reacted positively to cobalt
and chromium, and 1.5% (n = 189) reacted positively
to nickel, cobalt and chromium simultaneously. Tables 1
and 2 show the characteristics and the occupations of the
study population by metal sensitization, respectively.

Sex

The prevalence of nickel sensitization was higher in
females than in males, either as isolated allergen (OR
6.06;95% CI 5.20—7.07), in association with cobalt (OR
4.10;95% CI 3.18-5.29), in association with chromium
(OR 2.02; 95% CI 1.43-2.86), or in association with
both metals (OR 2.35; 95% CI 1.61-3.45). Conversely,
chromate sensitization and chromium + cobalt cosensi-
tization were more prevalent in males (Table 3).

Age

Nickel and chromate sensitization alone and nickel +
chromium sensitization were significantly more frequent
in patients aged 28-37 years than in the younger
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Table 1. Characteristics of the study population

Patch
test-negative to Ni 4+ Co
metals* Nickel Cobalt ~ Chromium  Ni+ Co Ni+Cr Co+Cr + Cr Total
n= 8158 n=2314 n =342 n=>516 n=>593 n=209 n=171 n=189 n=12492

Variables (65.3%) (18.5%) (2.7%) (4.1%) (4.7%) (1.7%) (1.4%) (1.5%) (100%)
Sex

Females 5174 (59.6) 2090 (24.1) 223 (2.6) 290 (3.3) 514 (5.9) 159(1.8) 86(1.0) 151 (1.7) 8687

Males 2984 (78.4) 224 (5.9) 119 (3.1) 226(5.9) 79 (2.1) 50(1.3) 85(2.2) 38(1.0) 3805
Age (years)

<27 2021 (63.7) 664 (20.9) 5(3.0) 95 (3.0) 176 (5.5) .5) 1) 0(1.3) 3174

28-37 1963 (59.3) 784 (23.7) 2(2.5) 137 (4.1) 190 (5.7) 70 (2 1) 33 (1 .0 54(1.6) 3313

38-47 1809 (66.1) 507 (18.5) 4(2.3) 107 (3.9) 120 (4.4) 40 (1 5 47(1.7) 41(1.5 2735

>47 2365 (72.3) 359(11.0) 101 (3.1 177 (5.4) 107 (3.3) 6) 56(1.7) 4(1.7) 3270
Other sensitization® (n)

0 5218 (69.6) 1363 (18.2) 167 (2.2) 207 (2.8) 316 (4.2) 77 (1.0)  69(0.9) 9(1.1) 7496

1 1822 (61.5) 586 (19.8) 5(3.2) 143(4.8) 165 (5.6) 62(2.1) 47(1.6) 45(1.5) 2965

2 750 (55.7) 254 (18.9) 1(3.8) 115(8.5) 62 (4.6) 46 (3.4) 30(2.2) 39(2.9) 1347

>3 368 (53.8) 111(16.2) 9 (4.2) 51(7.5) 50 (7.3) 24(3.5) 25(3.7) 6(3.8) 684

The variables are given as numbers (%).

*As determined by patch testing with nickel sulfate, cobalt(II) chloride and potassium dichromate in the European baseline series.
TNumber of positive patch test reactions to other allergens (apart from nickel, cobalt, and chromium).

group (<27 years) (ORs 1.28, 1.40, and 1.49, respec-
tively) (Table 3). The older patients (>47 years) showed
a reduced risk for nickel sensitization alone and
nickel + cobalt sensitization (ORs 0.46 and 0.52, respec-
tively), but an increased risk for chromium sensitization
alone (OR 1.40;95% CI 1.06—1.85).

Other sensitizations

The frequency of isolated nickel sensitization was signif-
icantly increased in patients who had positive patch test
reactions toone (OR 1.28;95% CI 1.14—1.44) or two (OR
1.32; 95% CI 1.13-1.56) allergens other than metals.
Significant positive trends for nickel, cobalt and chromium
sensitization (either isolated or concurrent sensitization)
were observed in patients with positive patch test reactions
to one or more non-metal allergens (Table 3).

Occupations

Nickel sensitization was significantly associated with
metal and mechanical work (OR 1.42;95%CI1.11-1.82)
and cleaning work (OR 1.29; 95% CI 1.08-1.53)
(Table 4). A significant association was found between iso-
lated cobalt sensitization and textile and leather work (OR
1.85; 95% CI 1.10-3.09). The frequency of chromium
allergy was found to be significantly increased in building
workers (OR 2.51;95%CI1.74—3.63), metal workers (OR
1.76;95% CI 1.20-2.59), bartenders (OR 1.67; 95% CI
1.00-2.80), and cleaners (OR 1.66;95% CI 1.17-2.34).
Building and related trades work was significantly

© 2012 John Wiley & Sons A/S
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associated with positive reactions to nickel + chromium
(OR 1.99, 95% CI 1.05-3.76) and chromium + cobalt
(OR 2.61, 95% CI 1.46-4.67). Patients allergic to
nickel + chromium were overrepresented (OR 2.11, 95%
CI1.33-3.34)amongcleaners. Finally, textile and leather
workers (OR 2.19; 95% CI 1.10-4.33), cleaners (OR
1.79;95% CI 1.09-2.94) and bartenders (OR 2.10; 95%
CI 1.03—4.26) showed an increased risk for concurrent
sensitization to all three metals.

Discussion

Sex and cosensitization

This study confirmed the importance of sex in the
prevalence of nickel and chromium sensitization. The
frequency of monosensitization to nickel was significantly
higher in females, probably because of the use of jewellery
and ear piercing by women (12, 23-25). Nickel + cobalt
and nickel + chromium cosensitization and multi-metal
sensitization were alsomore prevalentin the female group,
as reported by Hegewald et al. (20).

Consistent with the findings of other investigators,
chromium allergy by itself, or in association with cobalt
sensitization, affected males more frequently (4, 13, 25),
whereas cobalt monosensitization by itself did not show a
sex preference (4).

Age

Nickel sensitization has changed over time because of the
effect of the EU nickel regulation, especially in countries
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Table 4. Multinomial logistic regression [odds ratios (ORs) and 95% confidence intervals (CIs)] between occupations and nickel, cobalt and chromium sensitization versus negative patch

test reactions to metals

Cobalt Chromium Ni + Co Ni + Cr Co+Cr Ni + Co + Cr
OR (95% Cl)

Nickel
OR (95% Cl)

(95% Cl)

OR

(95% Cl)

OR

(95% ClI)

OR

(95% Cl)

OR

(95% Cl)

OR

Occupations

2.19 (1.10-4.33)
0.79 (0.31-2.04)

1.20 (0.46-3.11)

1.65(0.79-3.43)

1.55(0.81-2.99)
2.61(1.46-4.67)

0.82 (0.34-1.95)

1.01(0.42-2.41)

1.99 (1.05-3.76)

1.22 (0.65-2.30) 1.79 (1.09-2.94)

0.75(0.23-2.48)

2.11(1.33-3.34)
0.95 (0.37-2.44)

2.10 (1.03-4.26)

1.25
1.18
0.97
1.05
0.70

1.85(1.10-3.09) 1.26 (0.72-2.22)

0.53(0.27-1.03)

1.11(0.84-1.46)
1.42 (1.11-1.82)

Textile and leather workers

1.76 (1.20-2.59)

Metal and mechanical workers

2.51(1.74-3.63)
1.66 (1.17-2.34)
1.67 (1.00-2.80)

0.64 (0.33-1.25)

1.07 (0.80-1.42)

Building and related trades workers

Cleaners

1.21(0.81-1.82)

1.29 (1.08-1.53)

0.90 (0.45-1.81)

1.24(0.93-1.63)

Bartenders

Co, cobalt(II) chloride; Cr, potassium dichromate; Ni, nickel sulfate.

Significant associations are marked in bold.

where the EU provisions have been adopted (26—28). In
our study, nickel sensitization was more frequent among
patientsaged 28 —37 yearsthan in the youngest group. As
reported previously (18), this finding may be explained
by the delayed introduction of the EU Nickel Directive
in Ttaly. People older than 47 years showed a lower
frequency of sensitization to nickel, owing to reduced
contact with metals and jewellery, as reported by other
authors (20, 23).

Concomitant nickel and cobalt allergy is generally
explained by cosensitization (29), owing to the presence
of cobalt as an impurity in the nickel alloys used
in jewellery (30). Nevertheless, in our study, cobalt
monosensitization and cosensitization with other metals
did not show any significant association with age.
Chromium allergy was more frequent in the 28 —37-year-
old and >47-year-old groups than in the youngest group:
it is known that the prevalence of chromium sensitization
increases with age (9, 11) and can be related to cement
or leather exposure (31, 32).

Monosensitization and polysensitization

The simultaneous sensitization to more than one allergen
is not necessarily associated with clinical manifestations
of allergic contact dermatitis (3 3), and sometimes patients
are polysensitized (34). Several factors may contribute to
this phenomenon: simultaneous or successive exposure to
multiple allergens, cross-reactivity because of structural
similarity, or possible false-positive reactions in the patch
tests (34). In this study, nickel sensitivity was associated
with sensitization to haptens other than metals; similar
findings have been obtained for cobalt and chromium,
as reported by Hegewald et al. (20). The simultaneous
sensitization to cobalt and chromium was associated with
a higher probability of having sensitization to haptens
other than metals. Triplet cluster associations involving
nickel, cobalt and chromium allergy could be related to
occupational exposure (4, 20), and are associated with
severe and chronic form of dermatitis (34). For thisreason,
it is important to minimize the development of multiple
sensitization, especially in the workplace, by means of
individual protection measures or the adoption of strict
exposure regulations (35).

Occupational exposures

Isolated nickel or chromium sensitization was found to be
associated with metal/mechanical work, in accord with
other studies (23, 36). It is well known that nickel and
chromium released from metal objects are sufficient to
induce sensitization and to cause occupational allergic
dermatitis (8, 36).

© 2012 John Wiley & Sons A/S
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The frequency of chromium sensitization was sig-
nificantly higher in workers engaged in building and
related trades, because of the presence of hexavalent
chromium in cements (20, 37, 38). Currently, sensiti-
zation to chromium is showing a decreasing trend in
younger people, because of the introduction of ferrous
sulfate in cement to convert hexavalent chromium to
the trivalent state, which reduces its skin penetration
and sensitization potential (32). In Denmark, where the
addition of ferrous sulfate to cement has been compul-
sory since 1983, the epidemiology of chromium allergy
has drastically changed, and its frequency is currently
increasing in consumers exposed to leather (31, 32).

Isolated cobalt allergy induced by cement is
uncommon, and is considered to be secondary to
pre-existing chromium dermatitis (38), whereas con-
current chromium + cobalt allergy is significantly
overrepresented among building and related trades
workers, as reported by Hegewald etal. (20). In this
study, isolated cobalt sensitization and concurrent
nickel + cobalt 4+ chromium sensitization were signifi-
cantly more frequent in textile and leather workers,
because of the use of mordants (containing metals) and
of chromium in leather working processes (39-41).
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The frequency of metal sensitization was significantly
higher in wet workers (cleaners and bartenders), who
have an increased risk of developing occupational con-
tact dermatitis (42, 43). Exposure to water and irritants
can impair the skin protective barrier, causing higher
permeation of metals present in objects commonly used
in workplaces (44) or in detergents (45). The role of met-
als in detergents as triggers for allergic sensitization is
still debated, but some authors deny their role in contact
dermatitis (46).

Theresults of this study conducted in a group of patients
fromnorth-eastern Italy confirm previous findings on con-
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