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Metal Allergy and Contact 
Urticaria

Niels H. Bennike and Majken H. Foss-Skiftesvik

40.1  Introduction

Although an abundance of different metals exists, 
most humans are only exposed to a minority of 
these, and only some cause sensitization. As 
opposed to delayed type IV hypersensitivity reac-
tions to metals, which are well documented [1], 
cutaneous type I hypersensitivity reactions are 
rarely reported. In this chapter, we briefly 
describe clinical and epidemiological features of 
contact urticaria and review the existing literature 
on contact urticaria caused by metals.

40.2  Contact Urticaria

Contact urticaria is defined by a cutaneous wheal 
and flare reaction after external contact with an 
eliciting agent. The reaction usually appears 
within minutes and clears completely within 
hours leaving no residual signs of inflammation 
or scarring [2].

Contact urticaria can be classified as either non-
immunological (irritant) or immunological (aller-
gic), according to the underlying mechanism. 
Immunological contact urticaria results from a 
type I hypersensitivity reaction mediated by pre-

formed IgE antibodies and mast cells. In contrast, 
non-immunologic contact urticaria is not IgE 
mediated; however, the exact pathogenesis of this 
disease entity is not fully understood. For some of 
the classic urticariogens, such as dimethyl sulfox-
ide, induction of mast cell degranulation and 
release of epidermal prostaglandins are believed to 
be caused by local blood vessel damage at the site 
of contact [3]. However, each trigger substance 
presumably has its own mechanism of action.

Clinical manifestations of immunological con-
tact urticaria have the potential to extend beyond 
the point of contact with the noxious agent. 
Generalized urticaria, along with involvement of 
respiratory and gastrointestinal organs, may 
develop with the potential to culminate in anaphy-
lactic shock (Table 40.1) [3]. This potential for 
multisystem involvement led to the definition of 
the term contact urticaria syndrome, introduced 
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Table 40.1 Diseases involved in the contact urticaria 
syndrome (Reproduced with permission from [3])

Stage 1 Contact urticaria
Immediate contact dermatitis
Nonspecific symptoms (itching, tingling, 
burning sensation)

Stage 2 Generalized urticaria
Stage 3 Bronchial asthma

Rhino-conjunctivitis
Orolaryngeal symptoms
Gastrointestinal dysfunction

Stage 4 Anaphylaxis
Anaphylactoid reaction
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by Maibach and Johnson in 1975 [4]. Figure 40.1 
summarizes a proposed algorithm for diagnosing 
immediate contact hypersensitivity reactions, 
including contact urticaria suspected to be caused 
by metals. Life-threatening anaphylactic reac-
tions have been reported during diagnostic skin 
testing with metals [5, 6] and, in general, testing 
should only be performed if resuscitation equip-
ment and trained personnel are readily available.

Epidemiological data regarding contact urti-
caria are sparse. A frequency of 1–3% is reported 
in the general population, while the prevalence in 
healthcare workers in Europe varies from 5 to 
10% [3]. In Australian data, 8.3% of patients 
with occupational skin disease suffered from 
contact urticaria, mainly due to latex, food 
sources, and ammonium persulfate [7]. A typical 
wheal and flare reaction is easily diagnosed by 
the clinician, but the reaction after exposure to 
diluted classical urticariogens can be limited to 

erythema or even pruritus as the only evident 
symptom [8], thereby making diagnostics more 
difficult. Hence some degree of underdiagnosing 
is believed to occur, especially regarding non-
immunological contact urticaria.

40.3  Contact Urticaria and Nickel

Nickel belongs to the group of transitional metals. 
With its widespread use in products such as alloys, 
coins, cosmetics, jewelry, orthopedic implants, 
and household utensils, skin exposure is common 
both in an occupational and nonoccupational set-
ting. Although nickel is a frequent and well-estab-
lished cause of delayed type IV hypersensitivity, 
nickel-induced type I hypersensitivity eliciting an 
urticarial response has rarely been reported. The 
mechanism behind the immediate contact inflam-
matory reactions to nickel is not fully understood. 

Open application on normal non-affected skin

If negative

Open application on slightly affected (or previously affected) skin

If negative

Occlusive application (patch or chamber) on normal non-affected skin

If negative

Occlusive application (patch or chamber) on slightly affected (or
previously affected) skin

If negative

Intraepidermal (prick, prick by prick, scratch, scratch chamber tests)

If negative

Intradermal injection (if necessary)

Fig. 40.1 Proposed algo-
rithm for the diagnosis of 
immediate skin contact 
reactions (Reproduced with 
p e r m i s s i o n  
from [3])
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Initially, it was thought that nickel may act as a 
mast cell discharger on a non-immunological basis 
[9]. In one of the more recently published case 
reports discussed below, a positive radioallergo-
sorbent test (RAST) indicated that the observed 
urticarial reaction to nickel was, at least partly, IgE 
mediated [10]. Nevertheless, the reported case was 
the only patient in a 15-year period with a positive 
RAST to nickel among nickel allergic patients at 
this facility, and the absolute titer was relatively 
low. The frequency of contact urticaria caused by 
nickel in the general population is unknown. In a 
recent study of 69 patients with positive patch tests 

to nickel, 24.6% had a history of urticarial symp-
toms [11]. The few published cases on contact 
urticaria caused by nickel include individuals with 
both occupational and nonoccupational exposure 
(see Table 40.2).

Osmundsen [12] was the first to report two 
cases of contact urticaria caused by nickel expo-
sure. The first patient, a 30-year-old female 
cleaner, experienced immediate itching and burn-
ing of her palms and fingertips followed shortly 
after by erythema and edema when handling a 
bucket with a metal handle. Standard patch test-
ing with nickel showed a ++ reaction, while 

Table 40.2 Case reports on contact urticaria caused by nickel

Author Patient(s) Exposures Diagnostic tests Results

Osmundsen 
(1980) [12]

30 yo female Metal handle on 
plastic bucket

Both patients:
20-min patch test NiSO4 
2.5%
CPT NiSO4 2.5%

Both patients:
20-min patch test on normal 
skin negative. CPT positive 
for urticaria after 20 min

19 yo female Jewelry

Malo (1982) 
[13]

28 yo male Metal plating 
factory worker

SPT NiSO4 1% SPT positive

Tosti (1986) 
[14]

24 yo female Surgical tools, 
jewelry

SPT NiSO4 1%
Standard patch test NiSO4 
2.5%
Open patch test NiSO4  
5%

SPT positive after 3 min
Patch test positive
Open patch test positive after 
24 h

Valsecchi 
(1987) [15]

59 yo female Jewelry Standard patch test 
NiSO4

30 min patch test NiSO4 
5%

Standard patch test positive 
(+++)
30-min patch test positive for 
urticaria

Estlander 
(1993) [10]

27 yo female Manual grinding 
of metal casts, 
jewelry

Standard patch test 
NiSO4 2.5%
SPT NiSO4 0.1% and 1%
Scratch chamber test 
NiSO4 0.1% and 1%
1-h open test NiSO4 1%
Specific IgE (RAST) for 
NiSO4

Standard patch test positive
SPT 1% and scratch chamber 
test 1% both positive for 
urticaria
1-h open test positive for 
urticaria
Increased specific IgE for 
NiSO4

Helgesen (1997) 
[26]

19 yo female Coins, doorknobs, 
bannisters

SPT NiSO4 2.5%
Patch test (open and 
closed) NiSO4 0.01%, 
0.1%, and 1%
Aluminum Finn® 
chamber
Aluminum powder in pet

SPT NiSO4 2.5% positive
Open patch test positive on 
arm at 10 min to NiSO4 0.1% 
and 1%, negative on back 
Closed patch test positive on 
arm and back after 1 h and 2 h 
to NiSO4 0.1% and 1%
Aluminum chamber positive 
at 2 h on arm and back
Aluminum powder positive at 
1 h on arm and back

Walsh (2010) 
[16]

38 yo female Dental procedures 
and cutlery

20 min patch test NiSO4 
1%, 3%, and 5%

All patch tests positive for 
urticaria after 20 min

CPT chamber prick test, SPT skin prick test, yo year-old
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20-min patch testing with 2.5% nickel sulfate on 
normal skin of the forearm was negative. A 
chamber prick test with 2.5% nickel sulfate elic-
ited a strong urticarial reaction after 20 min. A 
dimethylglyoxime test of the metal handle was 
strongly positive for nickel.

The second patient, a 19-year-old female, 
experienced immediate swelling and redness of 
her earlobes after applying ear clips. Similarly to 
the first patient, a 20-min patch test with 2.5% 
nickel sulfate on normal skin was negative, while 
a positive chamber prick test was observed. The 
patient tested negative to standard patch testing 
with nickel. As negative controls, five patients 
with a positive 48-h patch test to nickel and three 
patients with chronic urticaria were tested with 
chamber prick test with nickel sulfate 2.5%. No 
immediate reactions were observed.

Malo et al. [13] described a 28-year-old man 
working at a metal plating factory. A year after 
nickel sulfate was introduced in the electroplat-
ing process at the facility, the patient developed 
an urticarial rash on his arms and legs. The rash 
was only present when the patient was at work 
and cleared within a few hours after leaving 
work. Later, the patient also developed asthmatic 
symptoms. Skin prick testing with 1% nickel sul-
fate gave a positive reaction, while eight control 
subjects showed no positive reactions. When the 
patient was tested with a specific inhalation chal-
lenge with nickel sulfate, he developed a bron-
chial response suggestive of asthma.

Tosti et al. [14] described a 24-year-old 
woman who at 13 years of age, following an 
appendectomy, developed an urticarial reaction 
and postoperative peritonitis. She had previously 
noticed immediate redness and swelling after 
contact with jewelry. As no evidence of antibiotic 
hypersensitivity existed, it was suspected that 
other hypersensitivity reactions could possibly 
explain the observed postoperative complica-
tions. A skin prick test with 1% nickel sulfate was 
positive after 3 min. A standard patch test also 
showed a positive ++ reaction to nickel, and an 
open patch test with 5% nickel sulfate gave a 
positive reaction after 24 h. The authors men-
tioned nickel-plated cannulas as a possible rele-

vant exposure; however, no further testing was 
reported.

In another case report, Valsecchi and Cainelli 
[15] describe a 59-year-old woman, who had 
been suffering from unspecified lesions on the 
hands and ears for 6 months. The lesions on the 
hands changed during the day. She claimed that 
the lesions on her ears and left wrist were caused 
by contact with jewelry. The patient was patch 
tested with standard contact allergens and had a 
positive +++ reaction to nickel sulfate at 48 and 
96 h. A 30-min patch test with 5% nickel sulfate 
on the forearm gave a strong urticarial reaction 
mimicking the reaction described by the patient.

Estlander et al. [10] described a 27-year-old 
woman suffering from nickel-induced allergic 
contact dermatitis. After working with manual 
grinding of metal casts for 2 years, she developed 
symptoms of contact urticaria, rhinitis, and 
asthma at work. The symptoms cleared com-
pletely during weekends and holidays. Standard 
patch testing showed a positive reaction to 2.5% 
nickel sulfate. The patient also had positive reac-
tions to a skin prick test and a scratch chamber 
test with 1% nickel sulfate. An open patch test 
with the same nickel solution elicited an urticar-
ial reaction on the volar forearm after 45 min. 
Specific IgE for nickel was evaluated by RAST 
and was slightly elevated. The patient had a nasal 
provocation test and a specific inhalation chal-
lenge performed with nickel sulfate, and a nasal 
and bronchial response was elicited within 
minutes.

In 2010, Walsh et al. [16] described a 38-year-
old atopic woman with a history of reacting to 
dental procedures since childhood. Immediately 
after exposure to dental instruments, she would 
develop pain and oral swelling. She also suffered 
from immediate pain and pruritus of the palms, 
followed by swelling and erythema within an 
hour after contact with cutlery. Furthermore, the 
patient had experienced immediate urticarial 
symptoms during venesection. When patch tested 
with nickel sulfate at 1%, 3%, and 5% concentra-
tions on the volar side of the forearm, the patient 
immediately complained of discomfort under the 
chamber containing the 5% solution and 
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 developed an urticarial reaction after 20 min at all 
three test sites.

40.4  Contact Urticaria 
and Chromium

The French chemist Louis Nicolas Vauquelin dis-
covered chromium in 1797. Chromium, belonging 
to the group of transitional metals, is among the 
most commonly found metals in the Earth’s crust 
and has found wide applications in areas such as 
electroplating processes, metal alloys, tanning of 
leather, cement, paint, and production of chromate 
salts. Chromium metal is non-allergenic; however, 
several chromium salts can cause irritation and 
allergic contact dermatitis [17]. Previously, occu-
pational exposure to chromium in cement was a 
common cause of contact allergy due to a high 
content of hexavalent chromium. International 
regulations of the allowed content of hexavalent 
chromium in cement have changed the epidemiol-
ogy of chromium sensitization within European 
nations. Today, leather products are responsible 
for the main exposure to chromium [18], where it 
is estimated that up to 90% of leather produced 
globally is tanned using chromium [19].

Although chromate is a common cause of 
delayed hypersensitivity and allergic contact der-
matitis, the literature on contact urticaria caused 
by exposure to chromate is sparse. In 1993, Pizzino 
[20] described a case of possible contact urticaria 
caused by exposure to chromate in a 26-year-old 
man working at a facility producing pipes that 
were electroplated with chromate. The patient 
would hose down pipes that had been in open 
baths containing chromic and sulfuric acids result-
ing in a mixture of water and chemicals splashing 
onto his skin. His protective equipment consisted 
of a cloth apron and respirator. The patient initially 
developed eczema on his hands and arms, fol-
lowed by an urticarial rash on most of the body 
including his face. The urticaria persisted for more 
than 1 year, where the patient was still exposed to 
chromate at work. Initial diagnostic workup of the 
patient showed a positive standard patch test to 
chromate (++). The patient was further extensively 

evaluated for other causes of chronic urticaria, but 
his lesions did not resolve until several months 
after he was completely withdrawn from occupa-
tional chromate exposure.

40.5  Contact Urticaria and Cobalt

Cobalt is a hard, silver-gray metal belonging to 
the group of transitional metals. Cobalt is mainly 
a by-product from nickel and copper mining. 
Cobalt is utilized in the production of hard metal 
alloys, diamond tooling, dyes (blue pigment), 
magnets, and electronics [21]. Contact allergy to 
cobalt chloride is common, often associated with 
concomitant patch test reactivity to nickel or 
chromate. The frequency of cutaneous type I 
hypersensitivity to cobalt is unknown, and only a 
few case reports have been published [6, 22, 23], 
including a case of anaphylaxis [6]. It has been 
suggested that cobalt chloride causes contact 
urticaria through a non-immunological mecha-
nism by inducing the release of vasoactive amines 
from mast cells [22].

Smith et al. [22] described a 20-year-old man, 
suffering from X-linked ichthyosis, who experi-
enced contact urticaria following a provocative 
sweat test. The patient was painted with a mix-
ture of cobalt chloride 10% dissolved in 95% iso-
propyl alcohol as a color indicator on the neck, 
arms, trunk, and legs. Seconds after application, 
the patient noted a stinging sensation in the 
painted areas, and after 5 min, urticaria devel-
oped in the involved areas above the waist. As 
part of the diagnostic workup to further study the 
urticaria-producing effect of cobalt chloride, 36 
control subjects were tested. A 9-year-old girl 
developed similar urticarial lesions within min-
utes after application of the cobalt chloride solu-
tion, with the reaction subsiding within 30 min. 
No skin prick tests or patch test results were 
reported.

Krecisz et al. [6] reported a 39-year-old non-
atopic woman employed as a ceramics decorator. 
After 3 months of work, the patient developed 
eczema on the back of her hands and forearms. 
Subsequently, after continuing work for 5 years, 

40 Metal Allergy and Contact Urticaria



528

the patient also developed generalized urticaria, 
with facial angioedema and general fatigue after 
working with a blue paint containing cobalt chlo-
ride. As the patient was transferred to a different 
work area, her symptoms disappeared, and she 
did not have a diagnostic workup performed until 
2 years later. Standard patch testing revealed con-
tact allergy (+++) to both nickel sulfate and 
cobalt chloride. A skin prick test was positive for 
cobalt chloride (0.1 and 1 mg/mL) only, and 
cobalt-specific IgE was elevated at 2.97 IU/
mL. The patient had a challenge test performed, 
in which she painted pottery using the blue 
cobalt-containing paint from her previous work-
place. After 30 min, the patient developed urti-
carial lesions on her hands and forearms, followed 
by facial angioedema, and the test was regarded 
positive. Although the exposure was stopped, the 
patient developed an anaphylactic reaction with 
hypotension and tachycardia and was success-
fully treated with intravenous corticosteroids.

Bagnato et al. [23] described a case of contact 
urticaria to cobalt in a 42-year-old man following 
a blue-colored tattoo. However, the patient did 
not develop any urticarial symptoms until 
2 months after the tattoo was made, and no test to 
diagnose immediate cutaneous hypersensitivity 
was reported.

40.6  Contact Urticaria 
and Aluminum

Aluminum and its salts are rarely reported to 
cause contact allergy, especially considering the 
common and widespread exposure in various 
consumer products including antiperspirants and 
sunscreens along with medical preparations. 
However, the diagnosis of type IV hypersensitiv-
ity to aluminum is complicated with regard to 
choosing the optimal aluminum test compound 
and concentration [24]. Recent attention on cuta-
neous reactions to aluminum has focused on type 
IV allergic reactions in relation to administration 
of injectable vaccines where aluminum salts are 
used as adjuvants. Up to 1% of children develop 

vaccination granulomas following injection of 
aluminum-adsorbed vaccines, and of these, 
77–95% develop contact allergy to aluminum 
[25]. The frequency of cutaneous type I hyper-
sensitivity reactions to aluminum is unknown.

Helgesen and Austad described the only case 
of contact urticaria to aluminum [26]. A 19-year-
old woman reported experiencing a burning sen-
sation and pain within minutes after contact with 
metal objects such as coins, doorknobs, and ban-
nisters. Shortly after, vesicles and bullae would 
appear, developing into ulcerations and erosions 
on the subsequent day. The patient had a positive 
skin prick test to nickel sulfate and an immediate 
urticarial reaction to both open and closed patch 
tests with nickel on the forearm. When tested 
with an empty aluminum Finn® chamber, ery-
thema and infiltration appeared after 2 h. 
Applying pure aluminum powder in petrolatum 
to the skin resulted in an immediate inflamma-
tory reaction after 1 h.

40.7  Platinum Group Elements

The platinum group elements (PGEs) include the 
metals platinum, iridium, palladium, rhodium, 
ruthenium, and osmium. Unique properties 
including high melting points, corrosion resis-
tance, and catalytic qualities make PGEs valuable 
in many industries. All PGEs are rare elements of 
the Earth’s crust. Delayed contact hypersensitiv-
ity to PGEs is presumably not as common as type 
I hypersensitivity, especially in an occupational 
setting: In a catalyst production facility where 153 
workers were evaluated for contact hypersensitiv-
ity to PGEs, two workers (1.3%) had an urticarial 
reaction 25 min after skin prick testing with hexa-
chloroplatinic acid, which was similar to the fre-
quency of type IV hypersensitivity to PGE salts 
among the workers. In total, 14.4% of the workers 
had a positive skin prick test to any of the PGE 
salts tested with concentrations ranging from 10−8 
to 10−2 mol/L. Rhinitis and asthma were the clini-
cal symptoms reported most often in patients with 
a positive skin prick test [27, 28].
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40.7.1  Contact Urticaria 
and Platinum

Platinum is a highly reactive transitional metal 
which easily complexes with donor groups in 
amino acids to form a complete antigen [29]. The 
platinum compounds eliciting hypersensitivity 
are confined to a small group of ionic complexes 
containing reactive halogen ligands. IgE antibod-
ies to platinum salts have previously been demon-
strated in sensitized workers [30]. Chlorinated 
soluble compounds such as hexachloroplatinic 
acid (H2[PtCl6]) and its potassium and ammonium 
salts, along with potassium and sodium tetrachlo-
roplatinate (K2[PtCl4], Na2[PtCl6]), represent the 
most dangerous chemical forms [27]. Platinum is 
used in catalytic converters, laboratory equip-
ment, electrical contacts and electrodes, platinum 
resistance thermometers, dentistry equipment, 
and jewelry. Chemotherapeutic compounds con-
taining platinum, such as carboplatin and cispla-
tin, are applied in the treatment of certain cancer 
types. Between 12 and 24% of patients receiving 
oxaliplatin have been reported to develop an 
immediate hypersensitivity reaction to the drug 
after multiple intravenous injections [31].

Schena et al. [32] described a 35-year-old 
nurse, who after 6 months of working in an onco-
logical department developed urticarial lesions 
on the face, chest, arms, and dorsa of the feet 
30 min after preparing cisplatin infusions. The 
lesions disappeared within 2 h. Open tests with 
both ammonium tetrachloroplatinate 0.25% and 
ammonium hexachloroplatinate 0.1% produced 
urticarial reactions after 40 min. Finally a han-
dling test was also positive.

40.7.2  Contact Urticaria and Iridium

Iridium is a silvery-white transitional metal 
belonging to the PGEs. Iridium is a highly corro-
sion-resistant metal, even at very high 
 temperatures, and only certain molten salts and 
halogens are corrosive to solid iridium. Although 
solid iridium is generally considered non-aller-

genic [33], finely divided iridium dust is much 
more reactive. Iridium has found usage as a hard-
ening agent for platinum alloys as well as in den-
tal practice due to its chemical resistance.

Bergman et al. [5] described the only case of 
contact urticaria caused by iridium in a 26-year-
old man working in an electrochemical facility. 
His daily routines included coating of titanium 
anodes with various metal salts of the PGEs dis-
solved in hydrochloric acid. The coating solution 
was sprayed onto the anodes automatically. The 
patient initially developed respiratory symptoms. 
After 5 years of exposure, he also developed urti-
carial lesions on the wrists that would appear 
within minutes after exposure and clear com-
pletely within hours after exposure seized. 
Application of iridium salts to normal skin pro-
duced an urticarial reaction. Skin prick testing 
with increasing concentrations of iridium chlo-
ride gave a positive reaction to 0.05%, and a 
scratch test resulted in an anaphylactic reaction 
which was treated successfully with corticoste-
roids, antihistamine, and adrenaline. Skin prick 
tests with platinum salts were negative. The 
patient subsequently left his job due to the risk of 
developing a new anaphylactic reaction, and fol-
lowing this his symptoms disappeared.

40.7.3  Contact Urticaria 
and Palladium

Palladium also belongs to the group of PGEs. It is 
a rare, inexpensive silvery-white metal, which is 
less resistant to corrosion than platinum. The 
main uses for palladium are in electrical compo-
nents and as a catalyst. Small amounts are used as 
a whitener for white gold in jewelry [21]. 
Although delayed contact allergy to palladium is 
common, and almost always seen concomitantly 
with nickel contact allergy [34], immediate cuta-
neous hypersensitivity to palladium is rare.

A 50-year-old female laboratory technician [35] 
working in a catalyst research facility developed an 
immediate facial erythema when exposed to fine 
dusts of dried and powdered mixtures containing 
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palladium nitrate salts. In addition, during acciden-
tal spillage of the powder mixtures, urticarial 
lesions appeared on the contact sites of her fore-
arms. The patient displayed positive skin prick tests 
with tetraamminepalladium(II) hydrogencarbonate 
0.1% and 1% as well as tetraamminepalladium(II) 
nitrate 10%. Application of the two palladium salts 
to the forearm of the patient gave a positive open 
skin application test with urticarial wheals after 
20 min. On standard patch testing, the patient was 
negative to palladium(II) chloride 2%.
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