Inflammation & Allergy - Drug Targets, 2008, 7, 000-000 1

Metal Allergens of Growing Significance: Epidemiology, Immunotoxicology,

Strategies for Testing and Prevention

G. Forte*, F. Petrucci and B. Bocca

Istituto Superiore di Sanita, Viale Regina Elena 299, 00161 Rome, Italy

Abstract: Metal-induced allergic contact dermatitis (ACD) is expressed in a wide range of cutaneous reactions following
dermal and systemic exposure to products such as cosmetics and tattoos, detergents, jewellery and piercing, leather tan-
ning, articular prostheses and dental implants. Apart from the well known significance of nickel in developing ACD, other
metals such as aluminium, beryllium, chromium, cobalt, copper, gold, iridium, mercury, palladium, platinum, rhodium
and titanium represented emerging causes of skin hypersensitivity. Despite the European Union directives that limit the
total nickel content in jewellery alloys, the water soluble chromium (VI) in cement, and metals banned in cosmetics, the
diffusion of metal-induced ACD remained quite high. On this basis, a review on the epidemiology of metal allergens, the
types of exposure, the skin penetration, the immune response, and the protein interaction is motivated. Moreover, in vivo
and in vitro tests for the identification and potency of skin-sensitizing metals are here reviewed in a risk assessment
framework for the protection of consumer’s health. Avenues for ACD prevention and therapy such as observance of
maximum allowable metal levels, optimization of metallurgic characteristics, efficacy of chelating agents and personal

protection are also discussed.
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INTRODUCTION

Allergic contact dermatitis (ACD) is one of the most
common environmental and occupational skin diseases. In
fact, it has been recognized that of all the dermatological
disorders the ACD manifested is about 10% [1] and
represented about 50% of all occupational dermatosis,
depending on industries, geographical areas, age and sex
distribution of patients, etc. [2]. ACD is defined with an
inflammatory process of the skin caused by contact with
exogenous substances, generally having a low molecular
weight [3]. These substances are naturally occurring in the
environment or can be synthetics and skin contact may occur
at workplace or at home.

The ACD represented the most prevalent manifestation
of immunotoxicity in humans and it develops in two stages.
The first is the induction or sensitization phase, where the
skin is sensitized following topical exposure to a
concentration of the allergen sufficient to induce the immune
response. This condition produces a rapid and more
aggressive secondary immune response in case of an
additional re-exposure to the same allergen. In the second or
elicitation phase, the response is triggered and the T-cells are
the key mediators of the reaction. Once activated, the
cytokines, chemokines, and cytotoxins released from the T-
cells stimulate the local blood vessels with recruitment of
macrophages and eosinophils, leading to an amplification of
the reaction. The time necessary to observe elicitation of
ACD is approximately 24-96 hours [4, 5]. More details
regarding the sensitization and the elicitation phases are
shown in Figs. (1) and (2), respectively. The dermal
inflammatory acute responses are also called eczematous
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dermatitis and the morphology of eczema goes from
erythema and edema in the mildest form to vesicles in the
severe form and these symptoms begin to disappear when
the allergen is no longer in contact with the skin [6]. The
immune response can be mediated by humoral antibodies or
by sensitized lymphocytes and can be classified in four
types. In particular, type I is mediated by the release of IgE
from the mast cells after elicitation; type II is mediated by
the production of IgG or IgM after cytotoxic reactions; type
III is mediated by the deposition of the complex antibody-
antigen in tissues; and type IV is due to T-cells-mediated
reactions [7].

The importance of this kind of disease is not only related
to the high number of affected people worldwide, but also to
economical (increase expenses of each national health
service) and psycological (worsening of the quality of life of
patients) issues. In fact, considering the losses in
productivity and the cost for treating the disease, more than 1
billion of dollar are spent annually in the United States (US)
[8, 9]. In this context, people with ACD of the face or
subjects who are obliged to change job reported the worst
quality of life [10].

Among the spectrum of substances that act as allergens,
metals represent an important class. Metals are ubiquitous in
the environment because they are normally present in the
Earth’s crusts, in food and water. Nowadays, metals are
involved in several fields such as in industrial productions
and in consumer products (jewellery, cosmetics, paints,
leather, dental/body implants, household products, dyes,
personal adornments, pharmaceuticals, etc) where they can
be present as main components or as impurities. It is for their
extreme use that metals represent a risk for developing ACD.
In this context, nickel (Ni), chromium (Cr) and cobalt (Co)
as ions and compounds, are well recognized skin sensitizers.
In particular, in Europe, the Ni, Cr and Co ACD prevalences
were of about 20%, 4% and 7%, respectively (data from the
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Sensitization phase

- Contact metal-skin

!

- Penetration and diffusion of the metal in the epidermal layer

!

- Reaction between metal and high molecular weight protein generates the antigen

!

- The antigen is recognized by the Langerhans cells

!

- Secretion of inflammatory cytokines and promotion of migration of the
antigen- Langerhans cells complex to lymph node

!

- Presentation of the antigen to T-cells

!

- Proliferation and differentiation of T-cells into memory and effector cells with the
capability to recognize the metal in future occasion

!

- Migration and circulation of the differentiated T-cells through peripheral tissues
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Fig. (1). Flow-chart showing the sensitization phase in metal induced ACD.

European Surveillance System of Contact Allergies,
ESSCA) [11]. These data are similar to those evidenced in
the US with a prevalence of about 14% for Ni, 4 % for Cr
and 9% for Co [12, 13]. In addition, females are affected by
Ni and Co ACD more than males due to ear piercings and
jewellery; while Cr ACD affects mainly males because of
occupational activities [14]. Moreover, it has been
demonstrated that the rate of Ni and Co ACD is higher at
younger age, while the prevalence of Cr ACD remained high
for the whole life [15].

Recently, other elements such as aluminium (Al),
beryllium (Be), copper (Cu), gold (Au), iridium (Ir), mercury
(Hg), palladium (Pd), platinum (Pt), rhodium (Rh) and
titanium (T1i) are of growing concern amongst dermatologists
for their capability under favorable circumstances to act as
allergens, even if the reason why some metals are able to
create sensitization more than others is not cleared as well as
the pattern of multiple metal reactivity, cross reactivity and
multiple sensitizations are almost unknown [14].
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Elicitation phase

- Contact metal-skin

!

- Penetration and diffusion of the metal in the epidermal layer

!

- Reaction between metal and high molecular weight protein generating the antigen

!

- The Langerhans cells bind the antigen with further production of cyotkines

!

- Effector T-cells present in tissues recognizes the antigen

!

- Activation of effector T-cells and induction of mediator release

!

- Amplification of the response of the inflammatory process with the consequence to attract
and to accumulate other effector T-cells and the white blood cells responsible of the skin
reaction in ACD

Fig. (2). Flow-chart showing the elicitation phase in metal induced ACD.
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Efforts have been done for the reduction and prevention of
metal ACD. The management of the risk can be achieved by
understanding the potency and prevalency of sensitizers,
developing and optimizing diagnostic tests, restricting the skin
contact by regulatory limits and informing about skincare
strategies such as hygiene, gloves and protective creams [16].
At present, in the EU are existing regulations for limiting
metals in products destined for skin contact. In particular, the
Council Directive 94/27/EC limited the total Ni content in

alloys and its released rate in artificial sweat, the Council Di-
rective 2003/53/EC fixed the presence of the water soluble
Cr(VI) in cement, and the Council Directive 76/768/EEC (im-
plemented by the Commission Directive 2004/93/EC) banned
some metals in cosmetic formulations [17-20].

This paper highlights the worldwide state-of-the-art on
the sensitization and contact dermatitis provoked by Al, Au,
Be, Co, Cr, Cu, Hg, Ir, Pd, Pt, Rh and Ti in terms of
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epidemiology, immunotoxicology and strategies for the
diagnosis and limitation of the disease.

ALUMINIUM (Al)

The more typical sensitization to Al is via the absorption
of Al through hyposensitization injections and vaccines [21,
22]. Hyposensitization injections are used as treatment for
IgE-mediated allergies, and the most commonly used ex-
tracts in these solutions are Al-contacting antigens. Addi-
tionally, Al compounds have been widely used as adjuvants
in prophylactic and therapeutic vaccines because they pro-
long the period of adsorption and increase the immune re-
sponse [23, 24]. The two main clinical features of Al sensiti-
zation are represented by persistent granulomas and recurrent
eczema [25, 26]. Aluminium allergy seems to be more com-
mon in pediatric patients than in adults. Children with Al
sensitivity have been reported to develop persistent subcuta-
neous nodules at the sites of injection or excoriated papules
at the sites of hyposensitization therapy [27, 28].

The second route of sensitization to Al is the prolonged
application of Al-containing antiperspirants and topical
medications and clinical manifestations are axillary rashes
and hand dermatitis [29]. A patient in Sweden who regularly
used an aluminium chloride roll-on antiperspirant developed
an itchy dermatitis in the axillae and patch tests with alumin-
ium chloride were positive [30]. Another case of axillary
eczema was observed in a 16-year-old girl; the use test with
the deodorant containing aluminium chloride hexahydrate
resulted to be positive [31]. In addition, cutaneous granu-
loma and skin sensitivity appeared when Al is complexed
with zirconium (Zr) and glycine in antiperspirants [32]. Two
cases of contact allergy to Al after use of topical medications
containing aluminium acetotartrate have also been reported
[33]. Pruritus due to allergic conditions was seen after the
usage of a toothpaste containing 30-40% of aluminium
oxide. When the toothpaste was replaced with a brand not
containing Al, pruritus resolved in 1 month [34].

Even if Al is extensively used in several industries, only
a small number of cases of skin sensitization have been re-
ported; one dealt with aircraft workers and another with an
hospital attendant [35, 36]. A study described a man who had
a compressed air pistol in his right hand to blow fillings out
of newly milled narrow Al threads; particles of Al penetrated
the skin and erythema, hyperkeratosis and partial desquama-
tion appeared in his right hand [37].

Only one case of contact urticaria to Al has been docu-
mented because of the presence of Al in coins as a contami-
nant with a maximum concentration of 0.01%. A simple test
with a Norwegian coin was performed on the patient’s fore-
arm and back; erythema and itching developed after 5 min;
vesicular infiltration appeared after 8§ min, and 2 days later,
there were large crusts [38].

Researchers have proposed that tattoo pigments contain-
ing Al can induce granulomatous reactions. In fact, in the
87% of 30 tattoo inks studied, the most commonly identified
element was Al [39]. A case study of a 21-year-old man with
delayed hypersensitivity granuloma formation in a tattoo is
reported. Four weeks after tattooing, three separate tumorous
areas appeared in the violet areas of the tattoo. Intermittently
pruritic lesions had existed for 5 months from the first ex-
amination. With the use of scanning electron microscopy and
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energy dispersive X-ray (SEM-EDX) microanalysis, Al par-
ticles were found in the involved skin sections with infiltra-
tion of pigment particles at extracellular and intracellular
levels [40]. Another report described a case of a woman who
underwent blepharopigmentation with aluminium silicate
and in whom a delayed hypersensitivity granulomatous reac-
tion appeared [41].

BERYLLIUM (Be)

Occupational exposure to Be occurs in aerospace, nu-
clear, military, automotive, electronics, telecommunications
industries and alloy applications, such as tubing for oil and
gas drilling. Recycling of electronics, computers, and scrap
alloy to recover Cu also results in Be exposure. The National
Institute for Occupational Safety and Health estimates that
up to 800,000 individuals are exposed to Be at the workplace
in the US alone [42]. The general population is mainly ex-
posed to airborne Be from the combustion of fossil fuel at
levels that are usually low. Where Be-containing casting
alloys are used for dental prostheses, skin and oral contact
with Be can not be disregarded [43].

Skin exposure to Be salts, such as fluoride, chloride, ni-
trate and sulphate, is known to result in local toxicity re-
sponses that can include 5 groups of cutanecous disease:
ACD, irritant contact dermatitis, chemical ulcers, ulcerating
granulomas and allergic dermal granulomas [44]. Also
poorly soluble Be particles could penetrate the skin and pro-
vide an immunologic route to Be sensitization. Tinkle et al.
demonstrated that 0.5- and 1.0-um Be particles penetrated
the stratum corneum of human skin and reached the epider-
mis and, occasionally, the dermis [45]. Another study indi-
cates that relatively insoluble particles < 1 pm in diameter
may be transported through the skin and around hair follicles
[46].

In 1951, Curtis was the first to diagnose Be contact al-
lergy in workers at two Be plants by patch testing with dif-
ferent soluble Be compounds, e.g., fluoride and sulphate
[47]. Beryllium present in alloys has been reported to cause
allergic contact reactions of the oral mucosa [48]. Incorpora-
tion of Be into the base metal alloy formulation facilitates
castability and increases the porcelain metal bond strength.
The dissolution of Be from dental alloys that contain Ni and
Be has been proved to be several orders of magnitude greater
than expected [49]. After incubation of pieces of dental al-
loys in human saliva for 120 days at 37 °C, the saliva con-
tained Be between 0.3 and 3.48 mg/l at pH 6 and between
12.4 and 43.0 mg/l at pH 2. A study describes 2 patients who
developed gingivitis (gum disease) adjacent to a Be contain-
ing alloy (Rexillium III) in dental prostheses and patch test-
ing showed positive reactions to beryllium sulphate (1% in
petrolatum) while none of the 30 controls reacted to this
preparation [50]. In Spain, 3 patients with dental prostheses
exhibited sensitization to beryllium chloride (1% petrolatum)
while 150 controls were negative [51]. Another case reported
a 29-year-old man with a popular eruption on his arms, left
thigh and right knee. He had been employed at a factory for
the past 3.5 years where he operated a Be-alloy production
furnace that melted Be, Cu, Co, Ni and Zr. Treatment with a
2-week course of systemic corticosteroids and mid-potency
topical steroids had been successful [52]. While Be in beryls
(aquamarine and emeralds) is generally thought to be in a
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biologically unavailable silicate form, one interesting study
found a correlation between measurable Be in urine of beryl
cutters and positive Be stimulation indices [53].

Contact dermatitis following exposure to Be compounds
is of the delayed form and likely to be due to T-cell mediated
hypersensitivity. The availability of the Be ion determines
the intensity of skin hypersensitivity. In the study of Marx
and Burrell, skin reactions developed 6-8 hours after the
subsequent patch test challenge and lasted up to 3 weeks
[54]. The severity of the skin reaction was greater when a
more soluble salt was used for the challenge (fluoride > sul-
phate > oxide). Krivanek and Reeves found that Be-
sensitized guinea pigs with beryllium sulphate elicited dif-
ferent skin reactions depending on the Be compound used.
The beryllium albuminate produced the greatest hypersensi-
tivity, followed by beryllium sulphate, whereas beryllium
hydrogencitrate and beryllium aurintricarboxylate produced
essentially negative reactions due to the fact that the Be was
strongly bound to the anion and therefore unavailable for
interaction with the skin [55]. Moreover, a delayed skin hy-
persensitivity reaction in 30% to 60% of pre-sensitized
guinea pigs in response to challenge with Cu-Be and Al-Be
alloys was observed [56]. Hypergammaglobulinemia, due
principally to an increase in IgG levels, was frequently found
in patients with acute berylliosis, Be dermatitis and in Be
workers with no evidence of disease [57]. Patients with Be
dermatitis may in addition develop a granuloma at the test
site. Subcutaneous granuloma may also develop following
patch testing in chronic Be disease [58]. Both lymphocyte
transformation and leukocyte migration inhibition have been
demonstrated in Be sensitive subjects and in animal experi-
ments [59, 60]. In a study designed to assess the potential
sensitizing and granulomagenic capacities of Be salts, rabbits
were inoculated intradermally with beryllium sulphate. The
salt resulted to be highly toxic for isolated alveolar macro-
phages and also depressed lymphocyte stimulation in sensi-
tized animals, which demonstrated delayed skin reactivity
and macrophage migration inhibition [61]. Another experi-
ment reported that topical application of Be to susceptible
mice generated Be-specific sensitization documented by pe-
ripheral blood and lymph node Be lymphocyte proliferation
tests (BeLPT) and by changes in lymph node T-cell activa-
tion markers, increased expression of CD44, and decreased
CDG62L [45].

For the diagnosis of Be sensitization, positive results
were obtained when dermal patch tests were applied to pa-
tients sensitized to Be [62], but one work indicated that the
patch test itself may be sensitizing and may promote the
condition of those already sensitized [63]. In fact, patch test-
ing experiments with 1% of beryllium fluoride sensitized
approximately 90% of a small number of volunteers. Testing
at a lower concentration (0.1%) resulted in sensitization of
less than 1% of test subjects [64]. On the other hand, the
BeLPT has found widespread application in screening for Be
sensitization in populations of exposed workers. Recent stud-
ies have linked markers such as HLA-DRAArg74 (HLA-
DR3) to sensitization to Be. The marker might be linked to
low interferon gamma (IFN-y) production. In addition, sensi-
tization to Be is with a gene for the cytokine tumor necrosis
factor alpha (TNF-a), the TNF--308*2 marker [65]. Sus-
ceptibility to Be-hypersensitivity has also been associated
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with a mutation of the gene for the human leukocyte antigen
HLA-DPBI, carrying a glutamate at position 69 [66].

Skin Be eruptions should be treated with avoidance of Be
exposure, mid-potency to high-potency topical corticoster-
oids, compresses, and antibiotics to prevent secondary infec-
tion. When Be nodules are present, surgical excision is the
definitive treatment [67]. A study demonstrates that, even
with the implementation of control measures to reduce skin
contact with Be as part of a comprehensive workplace pro-
tection program, measurable levels of Be continue to reach
the skin of workers in production and production support
areas. Based on the Authors current understanding of the
multiple exposure pathways that may lead to sensitization,
they support prudent control practices such as the use of pro-
tective gloves to minimize skin exposure to Be salts and fine
particles [68].

CHROMIUM (Cr)

Skin contact with Cr and Cr-compounds occurs by alloys,
cement, leather tanning, chemicals, anticorrosives, ceramic,
wood preservatives, paints and varnishes, textile mordants
and dyes, batteries, magnetic tapes, detergents and bleaches,
electroplating and so on [14]. Variation in toxicity is associ-
ated with Cr(Ill) and Cr(VI); the former has a percutaneous
permeability poorer than that of Cr(VI) resulting, thus, less
able to elicit ACD [69].

In the European general population, the Cr allergy rate
was approximately 4.5% in 2004. Such evidence was re-
ported by the ESSCA working group that collected data from
31 dermatological departments in 11 European Countries
(Austria, Denmark, Germany, Italy, Lithuania, Poland,
Spain, Switzerland, Sweden, The Netherlands and United
Kingdom). Both the lowest and the highest values were re-
corded in United Kingdom with 1.3% in Sheffield and 9.1%
in Liverpool, respectively [11]. In Singapore and Turkey, the
rate was similar (i.e., 5%) where the main sources of expo-
sure were cement and tanned leather [70, 71]. Allergy in
India has reached 10% and the cause was referable to the use
of shoes without socks [72]. In most cases, the Cr allergy
was more frequent in males than females. For example, in
Czech Republic, percentages equal to 5.93% in males vs
2.81% in females were found and in Hong Kong 7.1% vs
2.3%. Again, in Turkey, the males were affected by Cr ACD
2.3 times more than women, and in US, this ratio was about
2 times in favor of males. The causes were related to the
occupational activities in construction and leather sectors,
and those involving machine operation or repair and in these
last cases, Cr(VI) was present in anticorrosion coatings or
Cr-plating [70,73-75].

Cement has long been known as a cause of Cr ACD. In
fact, the raw material used for cement production contains Cr
and, in the high temperature production process, Cr(IIl) is
oxidized into water soluble Cr(VI) to be able to penetrate the
skin barrier and thereby create sensitization. More than 20
years ago in Denmark, it was found that with the addition of
iron sulphate to cement, the Cr(VI) could be reduced at less
than 2 pg/g [76] and it was the basis for the risk reduction of
ACD in construction workers [77, 78]. In 2003, the Euro-
pean Union (EU) has adopted this concentration as a safe
limit in the Council Directive 2003/53/EC on marketing and
use of cement [18]. Outside the EU, in the period 2000-2005,
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57% of 86 Brasilian construction workers resulted positive to
Cr [79]. Similarly, in Taiwan, the 12% of 153 cement work-
ers was affected by Cr ACD. This percentage reflected the
fact that the addition of iron sulphate in cement is not a
common practice. In addition, the Taiwanese Authors re-
ported that among the considered workers exposed to ce-
ment, those with TNF-a promoter-308 heterozygous geno-
type or GST-T1 null genotype had increased risk of chro-
mate sensitization [80].

Cr(III), used in leather tanning process to stabilize pro-
teins and give them resistance to degradation, may be con-
verted in Cr(VI) by light or heat in the presence of oxidized
fats or high pH in leather. Cr(VI) is responsible for leather-
induced dermatitis. In this regards, a Danish investigation on
the content of Cr(VI) in 15 tanned leathers evidenced a con-
centration in the range 4.1-16.9 mg/kg and 5 patients had
positive skin reactions after leather contact. Considering that
no correlation between eczema and Cr(VI) or Cr(III) alone in
leather was observed, it was suspected that skin responses
were the result of a combined Cr(IIl) and Cr(VI) allergy
[81]. In India, there were 155 cases of footwear dermatitis
where the contribution to the frequency of positive patch
tests to chromate was the 45.8% [82]. It has also been sug-
gested that a treatment to convert Cr(VI) in Cr(Ill) by soak-
ing the tanned leather in 5% Vitamin C solution might pre-
vent or minimize contact dermatitis [83].

Chromium contained in detergents and bleaches can in-
crease the risk of ACD on the hand and forearm of women.
In Italy, 8.4% of 65 cases resulted to be sensitized to total Cr
contained in detergents at a mean concentration of 4.12 pg/g
[84]. Household products marketed in Israel had very high
total Cr concentration; in particular, above 5 ug/g in 56% of
products; between 1 and 5 pg/g in 32%, and less than 1 pg/g
in only the 12%. The labeling of the consumer products with
regard to active ingredients was insufficient in most cases
[85]. Iyer et al. found that the form under which Cr is present
in detergents sold in India was Cr(III) and not Cr(VI). No
reaction to the detergent bar with 40-50 pg/g of Cr(IIl) was
observed in any of the Cr-sensitized volunteers and this find-
ing confirmed the general opinion that Cr(IIl) did not elicit
ACD. It is also recommended that, wherever possible,
Cr(VI) should be replaced with Cr(III) in consumer products
[86]. Basketter et al., on the basis of patch test dose-
responses, repeated open application test (ROAT) responses
in Cr allergic volunteers and finger immersion test results,
recommended that household products should contain Cr(VI)
< 5 ng/g or for a better protection < 1 pg/g. This last level
makes the elicitation of Cr ACD highly improbable [87].

New causes of Cr allergy are related to daily activities as
the use of cellular phone and playing the guitar. In the first
case, patients showed erythema and papule in the hemilateral
and preauricular region due to the handling of the phone and
resulted positive to patch testing with chromate at different
concentrations. This problem was caused by the chromate
present in the plating procedure of the phone [88]. The sec-
ond case referred to two musicians, which revealed a strong
reaction to Cr contained in the guitar string [89].

Cases of Cr ACD have been provoked by orthopedic
metal implants. Normally, the alloys used in implants are
stainless steel (mainly Cr and Ni and trace of manganese and
molybdenum) or vitellium (mainly Cr and Co and small
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amounts of Ni). In patients suffering from poor implants
tolerance, skin eruptions in the vicinity of the prosthesis
were observed and patch test demonstrated that 6 people out
14 were sensitized to Cr. The change of the prosthesis con-
tributed to solve skin eruptions [90]. Again, Menezes et al.
reported that 8 people showed a positive reaction to Cr be-
fore and other 2, after the placement of the orthodontic ap-
pliances and this positivity was observed most in males than
in females [91].

Moreover, despite the EU has banned the use of Cr(III)
salts in cosmetic products because being contaminated by
Cr(VI) [19], cases of skin contact with Cr from cosmetics do
exist. Sainio ef al. determined total Cr (0.4-5470 pg/g) and
water soluble Cr (< 0.25-318 ng/g) in 88 different eye-
shadows and 9 products contained soluble Cr above 2 pg/g
[92]. Moreover, in 11 body creams sold as “Ni-tested”, the
amount of Cr was < 65 ng/g in 9 of them and 150 ng/g and
300 ng/g in 2, but these levels were well below the threshold
for sensitization [93]. Also, cheap earrings available on the
Italian market released Cr in artificial sweat, with the highest
value equal to 0.253 pg/cm*/week [94].

The immunotoxicological Cr(VI) form, after penetrating
the cell membrane, is reduced to Cr(Il) by the sulthydrylic
groups present in the cysteine or methionine. Once this com-
plex has reached the lymph nodes, the memory of the T-cells
is stimulated. In consequence of a new exposure to Cr, the T-
cells are activated leading to lymphokines mediated ACD
(type 1V reaction) [95]. In addition, an vitro study on kerati-
nocytes of healthy and sensitized volunteers evidenced that
Cr(VI) was significantly cytotoxic, able to highly bound to
keratinocytes, and to induce a powerful pro-inflammatory
reaction with dose dependant release of interleukyn (IL)-1a
[96]. Again, Burastero et al. demonstrated that exposure of
dendritic cells (DCs) to different amounts of Cr(VI) in-
creased the expression of membrane markers as CD86,
CD80 and major histocompatibility complex (MHC) class II,
suggesting that these variations can help in determining the
immunotoxicity of this metal [97].

To evaluate the elicitation to Cr(VI), patch test is rou-
tinely used and the adoption of the 0.5% of potassium di-
chromate in petrolatum is recommended. Notwithstanding
this, Cr patch test has some limitations. One is the pH value
of the exposure medium; it has been reported that varying
the pH value from 6.8 to 10 the penetration of Cr(VI)
through full thickness human abdominal skin in vitro in-
creased 100-fold [98]. Another is the time of application and
the type of vehicle used to dissolve the allergen. In this con-
text, shortened patch tests resulted in fewer reproducible
positive reaction in subjects. It was observed that half of
patients did not react to Cr(VI) in water after 6 hours of ap-
plication and that absorption by the skin continued for up to
72 hours suggesting that more time is needed to favor skin
elicitation [99]. As a complement to patch testing, in vitro
tests seemed to be able to detect the activity of Cr. In par-
ticular, the Enzyme-Linked Immunosorbent Assay (ELISA)
and Enzyme-Linked Immunosorbent spot (ELIspot) test
demonstrated that Thl- and Th2 cytokines (especially 1L-2
and IL-13) production were enhanced in the peripheral blood
mononuclear cells (PBMCs) stimulated with Cr salts from
patch test positive patients [100]. Fowler et al. determined
the elicitation threshold for Cr(VI) by the immersion test.
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Twenty-six patients already Cr(VI) sensitized were exposed
to Cr(VI) by immersion of one forearm for 30 minutes per
day on 3 consecutive days in a solution containing 25 pg/ml
of potassium dichromate at pH 9.5, while the other arm was
immersed in the alkaline buffer only. Ten subjects developed
symptoms related to the Cr(VI) allergy on the arm immersed
in the chromate solution [101]. Nielsen et al. used the test of
the immersion of one finger in a solution of 10 pg/g of
Cr(VI) for 10 minutes/day for 1 week to demonstrate that
low levels of Cr(VI) are able to elicit dermatitis in sensitized
subjects [102].

The repeated open application test (ROAT), where the
allergen is applied for brief discontinuous periods, the appli-
cation site is not occluded and lower and more realistic con-
centrations of the allergen are adopted, proving to be another
valuable diagnostic test [69]. The ROAT was used to exam-
ine 17 Cr allergic individuals to determine their threshold
value. The test was performed in two phases; in the first,
solutions of 5 and 10 pg/ml of potassium dichromate con-
taining 1.0% sodium lauryl sulphate were applied to the an-
tecubital fossa of subjects 2 times per day with an interval of
6-8 hours for 1 week. In patients who did not show skin re-
sponses after a 1-month rest period, concentrations of 20 and
50 pg/ml of chromate were applied in the second phase using
the same method of application. In particular, 8/14 individu-
als failed to react to 50 pg/ml, whilst 3/15 reacted to 5 pg/ml
of Cr(VI). This found limit overlapped that of 5 pg/ml rec-
ommended for household products [103].

COBALT (Co)

Cobalt is largely present in the environment because of
its application in different fields such as metallurgical and
electronic industries, magnetic alloys production and build-
ing construction sector. Sources of Co also include ceramics,
enamels, paints as drying agent, catalysts, dental prosthesis,
jewellery, particular adhesives, household products, hair
dyes, fertilizers and feeding for animal [14]. Considering the
wide spread appliances of Co, cases of Co-induced ACD are
not rare. In 2004, the ESSCA working group reports positive
responses to Co in the 6.74% of the 10,000 patch tested sub-
jects and Co is addressed as the third most important aller-
gen. The lowest percentage of Co allergy is found in Den-
mark (1.1%) and the highest in Italy (17.6%) [11]. These
rates are similar to those of other countries for the general
population (i.e., the range reported is 5-10%) [70-73, 75,104-
106] and Co dermatitis was mainly prevalent in females than
in males due to the wearing of jewels or personal adornments
[70, 75, 105,107]. Patient’s age did not significantly change
the distribution of Co positive reactions [107].

Cobalt is a well recognized cause of occupational ACD,
which has been described in hard metal workers, construc-
tion workers, employees in the rubber, in pottery factory and
glass-fibre-reinforced plastics industries, and printers
[108,109].

Cobalt sensitivity may also be caused by exposure to
domestic detergents, jewellery, ear piercing and dyes. Cobalt
is found to be responsible for hand eczema in domestic work
due to its presence in household products. Of isolated Co
sensitive patients, 68% were housewives [110]. For this rea-
son, in 1993, it was recommended that the amount of Co in
household products should not exceed 5 pg/g to avoid elici-
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tation; in 2003, the limit was revisited and lowered to 1 pg/g
[87]. A recent survey of 95 detergent products by the Dutch
authorities showed that approximately 90% contained < 1
ng/g of Co, and all were well below 5 pg/g. In those prod-
ucts, the highest level of Co was 0.28 pg/g [111]. The release
of Co in artificial sweat from a necklace caused the devel-
opment of vesicular eczema; the chain released a concentra-
tion of cobalt 40,000 times higher than the minimal elicita-
tion concentration dose. On normal skin, the minimum elicit-
ing concentration was 2.26 pg/ml [112]. Cobalt contained in
the alloy replaced Ni with the aim of being in compliance
with statutory requirements of the Directive 94/27/EC. Even
so, the modification of the alloy resulted to be unsafe [113].
Moreover, a Co-containing alloy for jewels was developed
and tested on Co allergic patients. 18% of them were found
to be positive after 7-8 days of exposure, but the skin re-
sponses were less important than those produced by 1% co-
balt chloride patch testing. This tolerance was because Co is
compactly bound in the alloy by Pt [114]. Bocca et al. re-
ported a release rate of Co ions in the range 0.013-0.188
ug/cm*/week from the 40% of cheap earrings tested. These
amounts are not likely to pose a risk for skin sensitization
[94].

The practice of ear piercing and tattooing has increased
the incidence of Co-induced ACD among young people. A
Swedish study performed on 520 young men demonstrated
that the 1% of them had Co ACD related to ear piercing and
there was a higher prevalence of sensitization in patients
with pierced earlobes [115]. In Japan, 9 out 106 pierced sub-
jects had eczema and resulted to be positive to Co patch test,
even if they did not significantly differ from non-pierced Co
allergic patients [116]. Skin hypersensitivity caused by the
presence of Co in the blue ink used for tattoo was observed.
In particular, the tattooed patient suffered of urticaria on the
tattooed right deltoid [117]. Kang et al. found Co in 4 differ-
ent henna dyes at a concentration of about 3 mg/kg and, in
their opinion, this amount was able to provoke sensitization
but not contract dermatitis [118].

In addition, Co was determined in 88 colors of different
brand of eye shadows. The Co concentrations levels were in
the range < 0.5-41.2 pg/g and approximately 75% of the
products contained more than the safe limit of 1 pg/g of Co.
Although these amounts were low when systemic toxico-
logical effects were considered, the Author’s opinion was
that the risk of acquire allergy in unsensitized subjects due to
the use of these products cannot be excluded [92]. In a series
of 11 body cream labelled as “Ni tested”, Bocca et al. quan-
tified Co; in 9 of them it was below 5 ng/g, while in 2 cases,
Co increased up to 200 ng/g [93]. In both the two latter stud-
ies, the Authors pointed out the importance of declaring met-
als as impurities in the list of ingredients of a cosmetic in a
framework of a higher consumer’s protection.

Literature also reported cases of Co-based clothing der-
matitis. In particular, a nurse with pruritic rush on the inner
thighs and posterior calves resulted to be positive to Co. The
metal was contained in the dyes used for manufacturing the
blue trousers of the nursery uniform [119]. Again, another
nurse working in an intensive care unit reported itchy derma-
titis on the dorsum of both feet and toes due to Co contained
in the green plastic shoes [120]. In both cases, symptoms
disappeared on avoidance of trousers and shoes. Moreover,
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an Indian study reported that the incidence of footwear der-
matitis was 24.2% (155 patients out 640) and the occurrence
for Co sensitization was the 38.1%. Authors traced back
these findings to the habit to wear shoes without socks [82].

Dental treatment involves the use of various materials
able to sensitize people creating clinical manifestations in the
oral mucosa. In this context, in Israel, 6 people out of 121
(5%) reported Co oral ACD with symptoms as cheilitis and
perioral dermatitis, burning mouth syndrome (BMS) and
orofacial granulomatosis [121]. In addition, for the 5.2% of a
US population of 307 patients the cause of oral lesions was
attributable to Co in dental devices. In particular, 60% of the
patients with positive reactions to Co had perioral dermatitis
[122]. A single case of lichenoid on buccal mucosa and
tongue was reported. The symptoms were in areas of contact
with the fixation clasps and lingual bar of the denture. The
disease was related to the Co/Cr content of the dental pros-
thesis and withdrawal of the device allowed remission of the
lesion [123].

Another cause of non-occupationally ACD is related to
the presence of Co in polyester resins or in ABS plastic used
for PC mouse manufacture. The cobalt naphthenate is
adopted as catalyst in such plastic production posing a risk
for skin sensitisation [124]. Similarly, a patient reported
hand eczema due to latex gloves. In this case, the Co ACD
was due to the presence of the cobalt octoate in plastic,
which is used as accelerator in the polyester resin produc-
tion. The treatment of ACD included cotton lined PVC
gloves to protect the hand [125].

Cobalt positive reactions are associated with nickel sul-
phate and/or potassium dichromate sensitivity [75,107]. In
2594 subjects, Co sensitivity was seen in association with
positive reactions to Ni and Cr in 95.2% of cases [107]. Pa-
tients tested to Co, Cr and Ni, sensitized to any one of the
metals had significantly higher odds of sensitization to an
additional metal [75].

The main mechanism with which Co induces ACD is a
T-cell mediated reaction (type IV reaction) with production
and release of various cytokines, as also demonstrated by an
in vitro study of Minang ef al. In addition, some patients that
reacted with Co in vitro also reacted with Ni, and patients
patch tested positive to Co were in vitro negative for Co but
positive for Ni. This fact corroborates the evidence that
processes of co-induction between metals are more frequent
than isolated reactions to Co [100]. Hypersensitivity of type I
has also been reported for Co. In this regard, in a farm where
hard metal tools were produced, 7 employers had asthmatic
symptoms significantly associated with sensitization to Co.
In fact, the specific IgE antibody against Co conjugated to
serum albumin of patients was evidenced by the radioaller-
gosorbent test [126].

The diagnostic patch test used in the European standard
series depicted 1% cobalt chloride in petrolatum. This con-
centration may however elicit non-allergic porous reactions.
Cobalt chloride was used in the human and guinea pig
maximization tests (GPMT), proving to be an allergen of
grade 3 and 5, respectively (on a scale with the highest grade
equal to 5) [127,128]. A diagnostic in vitro test was per-
formed by Moed et al. on PBMCs of allergic patients and
healthy volunteers in the presence and absence of Co. The
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addition of type 1 (IL-7 and 1L-12) and type 2 (IL-7 and IL-
4) stimulating cytokines allowed the significant IFN-y and
the IL-5 secretions in the presence of the allergen. These
results showed increased proliferative capacity and cytokine
production by allergen-specific T-cells from allergic patients,
but not in healthy individuals [129].

No regulation that limits Co in consumer products to pre-
vent contact dermatitis has been released, as was done for
Ni. Considering that Co is a potent skin sensitizer, the re-
placement of Ni with Co in the various product could create
the risk for an increment of ACD due to this metal. The best
way to prevent the flare-up of ACD in a sensitized individual
is to avoid direct skin contact with the allergen. When this is
not possible, the prevention can be obtained through the use
of particular creams that contain chelating agents. In this
regard, the preventive effect of 10% diethylenetriaminepen-
taacetic acid (DTPA) in an oil-in-water emulsion in Co-
sensitized patients has been demonstrated [130].

COPPER (Cu)

Copper finds large use in coins, personal adornments
(clasps, pins, belt, necklaces, buttons, hooks, etc.), jewellery,
dental restorations (oral prosthesis, bridges, band, wires or
cements), pipes and contraceptive objects as intrauterine
devices (IUDs). In addition, organic and inorganic Cu salts
are also used in agriculture as algicides and fungicides [14].

Copper has a low sensitizing potential and, thus, it is
considered to be a rare cause of ACD. For this reason, the
low number of cases of Cu allergy did not allow to calculate
the prevalence among the general population in terms of
percentage [131].

The most reported clinical symptoms of ACD are related
to the use of Cu-containing IUDs and dental prosthesis. A
woman user of an IUD reported skin eruption some day be-
fore menstrual cycle and the severity improved with the on-
set of the bleeding [132]. In another case, a patient showed
diffused urticaria, angioedema of the eyelids and the labia
major and minore [133]. In both cases, the IUD users posi-
tively reacted to copper sulphate and removal of the IUD led
to complete remission of the symptoms. With reference to
dental devices, Wohrl ef al. suggested that a high percentage
(15.2%) of children sensitized to Cu was due to the increased
use of this metal in dental amalgam [134]. In the same way,
a woman developed Cu ACD of the oral mucosa caused by
the long-term exposure to Cu enriched dental amalgam fill-
ings [135]. Houger ef al. observed a relationship between
intraoral metal ACD (i.e., mucositis) and pathogenesis of
squamous cell carcinoma. Because of this high prevalence,
Cu was considered an additional risk factor in the evolution
of cancer [136]. Additionally, a case of a woman with le-
sions of oral lichen planus due to the Cu contained in her
prosthesis has been reported. The change of the prosthesis
made the lesions improved [137].

The Cu contained in objects in contact with the uterine
and oral environment is oxidized and free Cu ions are re-
leased. The ions, through the blood stream and the lymphatic
circulation, reach the skin and mucosa where the T-cells rec-
ognize the allergen creating the basis for developing sys-
temic ACD. In case of dental materials, reactions can be
immunologic contact stomatitis (type I reaction) or delayed
contact stomatitis (type II reaction). Free Cu ions release
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from IUDs can react with the proteins resulting in a complete
antigen able to activate both the IgE antibody production
(type I reaction) and the cellular immune reactions (type IV
reaction) [131]. The above reported Cu oxidation process has
been demonstrated by an in vivo study of Hostynek ef al. on
healthy volunteers. It has been shown that Cu may penetrate
the stratum corneum of the skin after its oxidization and fur-
ther become complex with the skin exudates. The rate of the
process depends on the time of contact and the amount of
oxygen present [131,138]. Moreover, it has been suggested
that Cu has an epidermal permeability coefficient (max 10~
cm/h) even higher than that of Ni (max 10°/10° cm/h) and
this is why immune reactions to Cu seem to proceed at a
higher speed in comparison to those to Ni; in addition, appli-
cation of copper oleate to the human skin resulted in a sig-
nificant increase of urinary Cu levels [139].

Other cases of induced Cu ACD are rare; in this context,
a single case of ACD developed on fingertips, upper eyelids
and the outer canthi of a bingo-hall worker’s caused by the
Cu present in the 2-euro coins has been reported [140]. Ad-
ditionally, a case of a woman affected by ACD placed on the
right upper arm due to the Cu present in the composition of a
microphone used in an ambulatory was reported [141]. In the
study of Nakada et al. performed on 107 subjects having
their ear pierced, 9 of them were found positive to Cu patch
testing [116]. Most of the common Au-alloys used for jewel-
lery contain silver and Cu as less noble compounds. In two
surveys, all alloys were found to release considerable
amounts of free Cu ions into synthetic sweat [142,143]. Fi-
nally, pool swimmers presented greenish discoloration of
their natural colored hair. This particular symptom was re-
lated to the Cu pipes used to build swimming pool [144].

There was a high incidence of Ni sensitization in Cu sen-
sitive subjects. The statistical association of Cu and Ni hy-
persensitivity was extremely strong. In light of the possible
Cu-Ni cross-sensitization, it is unsafe to suggest to cover Ni
goods with a layer of Cu to protect individuals allergic to Ni
[134]. In 30 patients known to be contact sensitive to Ni but
patch-test negative to Cu, the severity of patch test reaction
to a Cu/Ni mixture was greater (p <0.001) than to Ni alone,
suggesting that ions enhanced the sensitivity reaction to Ni.
The authors proposed that the presence of Cu ions facilitated
the formation of Ni protein complexes in the skin even
though the precise mechanism is unclear [145].

A few studies observed that occupational exposure to Cu
can cause dermal problems; for example, indurated erythe-
matous areas of the face, neck, chest and forearms, periun-
gual telangiectasia and nail changes were noted in a group of
female laborers occupationally exposed to fertilizers, weed-
killers and a copper sulphate-containing fungicide [146].
Contact dermatitis was reported in 10 furniture polishers
using commercial spirit (ethyl/methyl alcohol) colored blue
with copper sulphate. All patients developed erythema, itch-
ing and vesiculopustular areas on the skin of the hands. The
symptoms improved avoiding contact with spirit [147].

At present, the threshold-inducing sensitization concen-
tration to be used in patch tests and the concentration able to
create elicitation in sensitized subjects are still not defined.
Anyway, it is copper sulphate is generally used at the level
of 2% in petrolatum. With this concentration, 1% of positive
reactions were observed in Sweden and 3.5% in Austria, but
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in both cases, these results were considered of low clinical
importance [134, 148]. In addition, a concentration of 5% in
petrolatum of copper sulphate was indicated as adequate for
the patch testing of Cu hypersensitivity even if the test re-
producibility was modest [134]. Also metallic Cu foil was
found to be a valuable tool for the diagnosis of Cu hypersen-
sitivity in 2 of 26 patients [149]. Intradermal tests to confirm
positive patch tests and individuate false-negative reactions
have been used. For example, intradermal test is capable to
distinguish the irritant from allergic nature of a patch test.
The concentration injected was equal to 0.1% or 0.01% of
copper sulphate and readings were done after 48 hours from
the injection [150]. In order to evaluate the sensitizing poten-
tial of Cu two predictive immunological tests have been
taken into account. They are the GPMT and the local lymph
node assay (LLNA). In the first case, Cu resulted to be a
weak sensitizer, while, in the second case, an increased
lymph node cells proliferation in the presence of Cu salts
was observed, resulting in a positive test response [131].

No regulations reporting limits for this metal in products
are existing, and in order to prevent Cu, ACD creams con-
taining chelating agents can be adopted by sensitized pa-
tients. This is the case of 10% DTPA, which has revealed
significant capability to abrogate positive patch test reactions
to Cu [130].

GOLD (Au)

Allergic contact dermatitis to Au was felt to be rare in the
past, but from the beginning of 1990s when Au has been
added to the standard screening series in many countries
around the world, an increasing prevalence of positive patch
test reactions has been documented. In the US, Au was patch
tested as gold sodium thiosulfate (GST) (0.5% in petrolatum)
and, in 1998-2000, it ranked as the sixth most frequent cause
of positive patch test reactions [151]. Similar prevalence was
observed in Europe and Japan. In a large Swedish study,
8.6% of 832 patients with suspected contact allergy on rou-
tine patch testing gave a positive response with GST. Other
patients with contact allergy to GST also gave positive reac-
tions to potassium dicyanoaurate, but were negative to gold
sodium thiomalate (GSTM) and metallic Au [152]. These
findings were confirmed by another group of investigators,
who found that 4.6% of 278 patients in United Kingdom had
positive reactions to GST on routine testing [153]. All of
these patients were females, with a mean age of 37 years and
the most frequent site of eczema was the head and neck. In
Japan, 8.4% of 653 patients tested from 1990 to 2001
showed a positive reaction to gold chloride, and also in this
work significantly more women (10.2%) than men (0.8%)
reacted [154]. A study by Bruze ef al. reported that a large
percentage of the patch tests was long lasting, and 35% de-
veloped late reactions [155]. In a number of cases, positive
test sites were seen to remain negative after 3 days, but to
turn positive by day 7. These findings emphasize the neces-
sity of a second patch test reading at a distance of 1 week, at
least [156, 157].

Gold salt therapy, restorative materials in dentistry, or-
thopedic appliances and jewellery are the most accepted
causes for Au ACD. Medical practitioners have long recog-
nized the adverse effects, including ACD, in the risk-benefit
balance of the usage of Au in anti-inflammatory therapy. In
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particular, an increasing incidence of delayed skin reactions
has been noted since the introduction of GST and GSTM in
the treatment of rheumatoid arthritis. Allergy to Au was seen
in more than 50% of patients so treated, as indicated by
patch testing with GSTM [158]. Patients developed dermati-
tis, stomatitis, and eosinophilia, and less commonly immune-
complex glomerulonephritis, lymphadenopathy, antinuclear
antibody, increased serum IgE and other blood disorders.
Although this has led to a decline in the therapeutic use of
Au salts in recent years, their history in the treatment of ar-
thritis has given rise to a growing recognition of the impor-
tance of Au as a sensitizer [159].

Gold-based dental restoration appeared to be an impor-
tant risk factor for Au ACD. Several Authors have found that
a positive patch test to Au is significantly correlated with Au
dental restorations [160,161]. The saliva may slowly dis-
solve Au and transport it through the mucous membranes
into the bloodstream [159] and the amount of dental Au has
been found to be correlated qualitatively and quantitatively
to the blood level of Au [162,163]. Oral lichenoid mucositis,
clinically and histologically similar to oral lichen planus,
were observed at sites directly adjacent to Au dental restora-
tions. A study of Yiannias et al. retrospectively reviewed 46
patients with oral lichenoid lesions who had also been patch
tested; 2 patients who were sensitized only to Au showed
marked clinical improvement with removal of their dental
Au restorations [164]. Hypersensitivity to Au has been re-
ported in students involved in the manufacture of prosthetic
materials in a dental clinic in Japan, and 3 of 12 individuals
tested had positive reactions to sodium thiosulfatoaurate
[165]. Moreover, implanting a Au-plated stent seemed to
represent a risk of sensitizing the patients to Au. In the stent
group, 45.5% of patients had a contact dermatitis to Au
while in the control group, 20.0% of subjects reacted and this
difference was significant [166].

More recently, it has been realized that more mundane
uses of Au in the form of the diverse alloys used in jewellery
bring with them the risk of sensitization. The risk is greatest
when Au-containing alloys are introduced and left in perma-
nent contact with live tissue, as occurs in the practice of
piercing the skin of the ears and other parts of the body for
decorative purposes. Dissolution of metallic Au is notori-
ously difficult, but the process is facilitated by the presence
of other metals in the alloy or in the neighborhood [167,168].
Evidence that ear piercing increases the risk of Au sensitiza-
tion is that there were significantly more positive reactions to
0.2% gold chloride in the patients with pierced than in pa-
tients without pierced ears [116]. Gold allergy often presents
as dermatitis at the site of jewellery contact, i.e., earlobes
and fingers, but it also may present solely as eyelid dermati-
tis [169]. In 1988, Fowler reported 2 women with eyelid
dermatitis and positive patch tests to Au whose eruptions
cleared with avoidance of Au jewellery. It was postulated
that the allergen was being transferred from the hands to the
eyelids as is commonly seen with allergic reactions to tosy-
lamide formaldehyde resin [170]. In Portugal, contact allergy
to GST and to potassium dicyanoaurate was found in 23 pa-
tients, all the reactors were women and had their ears pierced
with Au earrings [171]. Ehrlich and Belsito found that 7 of
15 Au-allergic patients cleared their dermatitis by not wear-
ing Au jewellery [172]. In Spain it was described that a lady
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presented Au ACD in the proximal root of a finger due to her
wedding ring [173].

The presence of Au in metallic form has been visualized
in human skin biopsies taken from areas of prolonged con-
tact with the metal such as rings and jewellery, confirming
absorption of the solubilized metal even through the intact
stratum corneum [167]. In some cases, hypersensitivity to
Au was associated with the formation of intracutaneous nod-
ules in the earlobes at the sites of piercing. The nodules at
pierced sites were described as lymphocytoma cutis, indicat-
ing the formation of a benign lymphocytic infiltrate, which is
distinguishable from malignant lymphoma. When this did
not resolve over time, nodules had to be removed surgically
[174,175].

The immunomodulatory mechanism of action of Au is
still largely unknown, but Au accumulates in lysosomes of
macrophages [176] and inhibits lymphocyte maturation, dif-
ferentiation, and function in vitro. It could also be estab-
lished histochemically that Au is selectively taken up by
Langerhans cells in whole viable human epidermis [177].
Furthermore, GSTM inhibits expression of IL-1b [178] and
TNF-a [179] by inhibiting transcription factors, such as acti-
vator protein-1 or nuclear factor kB, as well as by inhibiting
specific caspases needed for post-translational modification
of IL-1b and IL-18 [178]. Gold also inhibits T-cell prolifera-
tion in an assay similar to that described for Ni [180]. How-
ever, in contrast to Ni, pre-treatment of the antigen-
presenting cells (APCs) with Au before exposure to the pep-
tide still inhibited proliferation, suggesting direct binding of
Au to the major histocompatibility complex (MHC) mole-
cule, rather than to the peptide as is the case with Ni. Further
support for this interpretation comes from the observation
that radiolabeled Au bound to a panel of MHC class II-
positive, but not class II-negative, cell lines [180]. On the
other hand, there is evidence that Au(I) (as disodium
aurothiomalate) forms complexes with MHC-binding pep-
tides containing two or more cysteine residues and inhibits
T-cell receptor binding [181].

The recommended diagnostic procedure for testing Au
allergy is the skin patch test, but the test reading has to be
performed also after 1 week because of the late-appearing
positive reactions. As a valuable complement to patch testing
in the diagnosis of Au allergy, some studies have proposed
the lymphocyte transformation test (LTT) [182]. Lympho-
cyte proliferation in vitro shows good correlation to allergic
epicutaneous test reactions to Au [183, 184]. The use of cy-
tokine fingerprinting has also been evaluated for their possi-
ble diagnostic allergenic properties [185]. Several cytokines,
IL-1 receptor antagonist (ra) and TNF-o in particular, are
instrumental in the pathogenesis of the Au ACD, in the pri-
marily elicited eczematous reaction as well as in the endoge-
nous flare up after systemic provocation [186]. The TNF-a
as well as the IL-1ra are released in blood when GSTM is
given by intramuscular injection to a subject with contact
allergy to GST [187]. The release has been shown to be spe-
cific and activated only by the proper contact allergen [188].

MERCURY (Hg)

The inorganic and organic (methylated) species of Hg are
well recognized toxicants [189,190], and during the past
decades, the steps to limit the environmental exposure to Hg
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have successfully reduced the cases of acute poisoning.
Nowadays, the primary source of exposure to inorganic Hg
is probably through its use in dental amalgams [191], even if
Hg is still a component in some preservatives such as
thiomersal. Symptoms of an amalgam allergy include skin
rashes in the oral, head and neck area, itching, swollen lips,
localized eczema-like lesions in the oral cavity. These clini-
cal signs usually require no treatment and will disappear on
their own within a few days of exposure. However, in some
instances, an amalgam filling will have to be removed and
replaced with a filling made of another restorative material,
such as resin or porcelain even if these substances are more
expensive and less pliable than amalgam. In patients show-
ing positive patch test reactions with Hg-compounds, the
placement or removal of amalgam fillings has led to signifi-
cant improvements [192].

Contact allergy to Hg-compounds is important in the
pathogenesis of oral lichen planus, especially in case of close
contact with amalgam fillings and in the absence of con-
comitant cutaneous lichen planus. Thirteen patients with
symptomatic oral lichen planus had been shown by patch
testing to be allergic to ammoniated mercuric (AM) chloride.
In some cases, the resolution of symptoms was dramatic fol-
lowing the replacement of one or two fillings [193]. Moreo-
ver, a strong association between orofacial granulomatosis
and contact allergy to Hg-containing dental fillings has been
reported [121]. Mercury is thought to be an allergen impli-
cated in BMS as well as in the systemic reactivation of ACD.
Patch testing with dental series has a greater sensitivity in
BMS patients [194].

The 1998-2000 North American Contact Dermatitis
Group (NACDG) data base reported thiomersal to have a
definite or probable relevance in 2.9% of the patients with a
positive test. Thiomersal may be found in topical medica-
tions, especially ophthalmic and nasal preparations, cosmet-
ics, and as a preservative in vaccines and contains organic
Hg and thiosalicylate [195]. Positive patch test reactions to
one or both the constituents of thiomersal have been fre-
quently encountered. Thiomersal resulted to be the fifth most
common allergen in patients with a positive patch test and it
was found to be “possibly relevant” in 7.8% of those patients
tested, with a single patient having “probable relevance”
[195]. In a group of patients with increasing strengths of
thiomersal by intramuscular injection of 100 pg/ml solution,
9% of them highlighted a mild local reaction consisting of
induration and micropapules [196].

Systemic contact dermatitis induced by Hg is provoked
by Hg-containing creams and contact lens solutions, inhala-
tion of Hg vapor and broken thermometers [197]. Systemic
contact dermatitis is the result of a systematically adminis-
tered allergen reaching the skin from the circulatory system
and producing a generalized rash. Symptoms as nausea,
vomiting, headache, malaise, arthralgia, and diarrhea can be
related to systemic contact dermatitis [198]. The use of skin
whitening creams in developing countries is a recognized
cause of chronic Hg poisoning. In Indonesia, a 34-year-old
woman with membranous nephropathy used regularly a skin-
whitening cream containing Hg; her blood and urinary Hg
levels were elevated and symptoms improved after she
stopped using the cream [199]. In Taiwan where skin-
lightening creams are widely used, a total number of 507
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individuals reported facial dermatitis and 308 had eczema
confined to the face. The two most frequent allergens were
found to be Ni and AM, and the majority of AM-sensitive
cases resulted from cosmetics [200]. A case report involving
a 25-year-old woman presented with an itchy erythematous
bullous dermatitis, restricted to the region around the eyes
and mouth, which was the area of application of a Taiwanese
whitening cream. The Hg concentration in cosmetic resulted
to be the 7.2% w/w, and patch testing was positive to mer-
cury chloride and AM [201]. Among 314 cream users (99%
women), the majority had increased urine or blood Hg con-
centrations, while the symptomatic Hg poisoning from der-
mal application appeared at a concentration of Hg higher
than 57,000 pg/g [202]. A 42-year-old woman presented
facial Hg pigmentation, raised levels of Hg in the blood and
urine and possible neuropsychiatric toxicity after the topical
application of a cream containing 17.5% of AM chloride.
Health workers, particularly pharmacists and medical practi-
tioners, should be aware that over-the-counter Hg-containing
creams may raise the level of Hg in the body to potentially
toxic levels. A warning on the package should be considered
and use of the cream restricted [203]. Cases of symmetric
flexural exanthema ‘baboon syndrome’, which is considered
as a systemic contact dermatitis have been induced from Hg
exposure. For example, inhalation of Hg vapor from a ther-
mometer in sensitive patients accounts for most instances of
this condition [204]. Another case of Hg exanthema with its
vesiculobullous clinical presentation and late onset of lesions
after Hg exposure to a broken thermometer has been re-
ported. Serum and urine Hg levels were both increased with
respect to normal and a remission was observed after a pe-
riod of oral corticosteroids [205].

New hidden sources of Hg in consumer goods, as pierc-
ing, tattoos and polyvinyl chloride (PVC) boots, may repre-
sent a potential source of danger for the future if the use is
not more strictly regulated. The number of positive reactions
was significantly greater among patients with pierced ear
lobes (29/107) than among those who did not have pierced
ears (29/270) [206]. Patients with baboon syndrome and Au
dermatitis due to ear-lobe piercing were tested with 0.05%
mercuric chloride applied for 2 days; 5 of 5 patients with
baboon syndrome were patch-test positive, 21 out 35 of
those had pierced ears [116]. Allergic reactions to metal salts
used in tattooing are surprisingly frequent. Mercury together
with Cr and Co have been reported as contact sensitizers
with various type of skin reactions in tattooed areas [207]. In
particular, the red tattoo pigments (cinnabar and vermilion)
are known to include Hg, and are able to produce a delayed
hypersensitivity reaction [208]. A 5-year-old child, with pre-
vious skin intolerance to mercurochrome, developed a severe
ACD of both feet when wearing new PVC boots. Within a
few days, he developed a Hg exanthema in legs, groins and
lateral parts of the trunk. He had strong patch test reactions
to both organic and inorganic Hg-compounds and in particu-
lar to mercury chloride (in 0.01% petrolatum), which was
identified by atomic absorption spectrometry and polarogra-
phy in the boots worn [209]. A 24-year-old woman, with a
previous history of contact sensitization to mercurochrome,
attended an erythemotous vescicular dermatitis on both ring
fingers that corresponded to the areas in contact with her
wedding ring. Interestingly, the X-ray fluorescence analysis
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revealed the presence of Hg on the ring surface just in the
place of the developed dermatological disease [201].

Doses of mercury chloride can elicit an increase in the
IgG and IgM formation from spleen cells and in the IgM,
IgG and IgE production in serum of Balb/c mice. These re-
sults suggested that Hg was able to develop histopathological
changes in lymphoid tissues [210]. A specific issue is
whether the immune syndromes following Hg exposure are
related directly to the immune system activation by Hg, or
are secondary to Hg-induced tissue damage. The autoim-
mune profile of elevated antinuclear antibodies observed
after treating mice with Hg salts would support the latter
hypothesis [211]. The main target of autoantibodies is the
ribonucleoprotein fibrillarin, which may also be a target in
scleroderma patients [212]. Donor T-cells from mice treated
for 1 week with subcutaneous injections of mercury chloride
were used in a popliteal lymph node assay. Cells mounted a
response to mercury chloride and to splenic proteins isolated
from mercury chloride-treated mice. The Hg content of the
splenic proteins from the treated mice was 1.4 pg/mg pro-
tein. On the other hand, after 8 weeks of mercury chloride
treatment, donor T-cells reacted poorly with mercury chlo-
ride and Hg-containing splenic proteins, but reacted strongly
to nuclei and fibrillarin, whether isolated from Hg-treated or
untreated animals. It was suggested that activation of T-cells
by Hg-altered nuclear proteins may eventually result in the
activation of T-cells specific for the unaltered self protein
[212].

In a study, 18 patients with oral lichen planus, adjacent to
amalgam fillings, were tested in vitro with an optimized
lymphocyte proliferation test, memory lymphocyte immu-
nostimulation assay (MELISA), and with a patch test.
Twenty subjects with amalgam fillings but without oral dis-
comfort and 12 amalgam-free subjects served as controls.
The results show that patients with lichen planus have sig-
nificantly higher lymphocyte reactivity to inorganic Hg
compared to control groups. Removal of amalgam fillings
resulted in the disappearance of oral mucosal changes, thus
indicating a causal relationship. Positive responses to phen-
ylmercury, a bactericidal agent in root fillings and in phar-
maceutical preparations, were also noted in the oral lichen
group but not in the control groups. Thus, low-grade chronic
exposure to Hg may induce a state of systemic sensitization
as verified by Hg-specific lymphocyte reactivity in vitro
[213].

PLATINUM GROUP ELEMENTS (PGEs)

The platinum group elements (PGEs) — platinum (Pt),
palladium (Pd), rhodium (Rh) and iridium (Ir) — are rare in
the earth’s crust in comparison with other elements. In con-
trast, their specific physical and chemical properties have led
to the development of some highly sophisticated technical
applications, especially in the field of catalysis. They are
also used in making jewellery and in dentistry. The general
population may come into contact with PGEs mainly through
mucosal contact with dental restorations and jewellery con-
taining PGEs, and possibly via emissions from automobile
catalysts.

Platinum is a highly reactive transition metal that is most
likely to be sensitizing as a chlorinated soluble compound. A
study shows that Pt salts have in vitro immune effects and
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their potency is ranked in the following order: diammonium
hexachloroplatinate > diammonium tetrachloroplatinate >
sodium hexaiodoplatinate and cisplatinum > platinum
tetrachloride > platinum dichloride. Certain Pt salts also
affect lymphocyte proliferation and cytokine release (TNF-a,
IFN-y, and IL-5) [214]. “Platinosis” refers to type 1 reactions
to Pt and may develop in over 50% of exposed workers, with
rhinitis, conjunctivitis, bronchial asthma upon provocation
with chloroplatinates. Type 4 hypersensitivity reactions to Pt
may also occur, but has not been proven by large-scale patch
testing [215]. A major source of occupational exposure to Pt
is in the manufacture and recycling of automobile catalytic
converters, where the exposure is predominantly to the
chloroplatinic acid catalysts [216]. Elevated IgE levels have
been observed in some Pt-exposed refinery workers [217]. A
case of contact dermatitis from wearing a Pt ring has been
reported [207], and contact urticaria has been observed
following occupational exposure to the antineoplastic agent
cisplatinum [218].

Palladium is increasingly used in industry, jewellery and
dentistry since the European Directive restricted the use of
Ni in all products placed in direct and prolonged contact with
the skin. For this reason, during a 10-year period, the trend
of sensitization to Pd in a clinic population increased to a
maximum of 9.7% in the year 2000, with a higher percentage
in females than in males. In the majority of cases, subjects
were polysensitized (92.8%), but 7.2% of subjects were posi-
tive to Pd alone. Of Pd-sensitized patients, 40.5% com-
plained of hand dermatitis, 47.4% complained of body der-
matitis, and 1.7% complained of BMS [219]. As observed
for Pt, the immune capacity of Pd depends on speciation.
The diammonium hexachloropalladiate showed stronger
dose-related inhibitory effects than the diammonium
tetrachloropalladiate and palladium dichloride. It has also
been demonstrated that the in vitro activity of Pd compounds
is higher than that of Pt and Rh salts [220]. There are several
reports on Pd sensitivity associated with exposure to Pd-
containing dental restorations [221-225]. Symptoms ob-
served included signs of contact dermatitis, stomatitis and
mucositis, and oral lichen planus. General symptoms like
swelling of the lips and cheeks, dizziness, asthma, chronic
urticaria, and other symptoms have also been reported. In
some case reports, complaints disappeared after replacement
with Pd-free (or metal-free) constructions. Perhaps the most
interesting aspect of Pd*" sensitization is its frequent specific
cross-sensitization with Ni*' [226-228]. The similarities in
chemistry of Ni*" and Pd*" support the idea of a similar
mechanism involving common protein binding sites and con-
formational alterations [229]. A study with > 10,000 of par-
ticipants tested with about 25 allergens, confirmed that of all
patients 5.4% reacted to palladium dichloride alone, whereas
all other patients also had a positive reaction to nickel sul-
phate [230]. Very few reports are available on non-
dermatological populations; in the study of Kanerva et al.
comprising 700 schoolchildren, 7% had an allergic patch test
reaction to palladium chloride (11% in girls and 1% in boys)
[231]. Among the case reports, two cases of sarcoidal-type
allergic contact granuloma due to Pd in ear piercing have
been presented, the first to Pd only, and the second to Pd in
combination to other metals [232]. Moreover, a case of de-
veloped dermatitis at contact sites of metallic spectacle
frames which were declared as 99.7% Ti but with Au-plating
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using Au (90%), Cu (3%) and Pd (7%) has been observed
[233].

Rhodium and Ir are sometimes reported as sensitizers in
the form of salts, though not as metals, in subjects employed
in precious metals or jewellery industries [234, 235] or with
dental amalgams or prostheses [236, 237]. It was observed
that the activity on the PBMCs proliferation and the cytokine
release of diammonium hexachlororhodate was slightly
higher than that of rhodium trichloride [220]. During 2001-
2002, 720 consecutive informed eczematous patients were
patch tested with 1% rhodium chloride and 1% iridium chlo-
ride, both in water. None of the 720 patch tested subjects
showed positive or irritant reactions to iridium chloride, but
2 were found to have a positive patch test to rhodium chlo-
ride as well as other metals. These study results suggested
that Rh and, above all, Ir are allergologically safe even in
patients sensitized to metals [238]. In one series of Pt refin-
ery workers, positive prick tests to other metals as Ir, Rh and
Pd were observed, but all these workers also tested positive
to Pt, and cross-reactivity had been proposed [239].

As regards prevention strategies, since PGEs-containing
dental or jewellery alloys have been identified as a possible
source of sensitization, protection of the public from related
adverse effects may be achieved either by limiting the use of
certain alloys or by the use of alloys with high corrosion
stability and thus minimal release of PGEs. It is also recom-
mended that dentists world-wide should be informed of the
composition of alloys and of possible sensitization effects of
PGEs. Further, patients should be informed about the com-
position of dental alloys and those patients who have an al-
lergy to Ni should be informed about the effects of PGEs-
containing dental materials. In industry, personal protective
equipment should be used to prevent skin contact with PGE
compounds.

TITANIUM (Ti)

Titanium and its alloys are used for medical appliances
like osteosynthesis, arthroplasty, pacemaker encasing, teeth-
and arch-wires, or in daily-use articles like body piercing and
spectacle frames. This broadened spectrum of Ti applications
depends on the unique property of nitinol - which is an alloy
based on 50% Ni and 50% Ti - of having shape memory ef-
fect, i.e., the material can undergo substantial plastic defor-
mation and be triggered into returning to its original shape
by heating. There are also Ti-Al-vanadium (V) alloys (B-
titanium) and Ti-Co alloys on the market today and other
alloys under an assortment of trade names. Also “pure Ti”
may be used in implant materials and spectacle frames, even
if products marketed in this way contained Ni traces as a
result of the production process.

The existence of ACD to Ti is still under discussion due
to incomplete allergological work up and insufficient patch
test preparations. However, reports on suspected delayed-
type hypersensitivity reactions to Ti do exist. Titanium is
firstly reported as an allergen of pacemaker system contact
dermatitis. A patient with implanted cardiac pacemakers
presented redness, swelling and pruritus of the skin overly-
ing the pacemaker several weeks after insertion. These reac-
tions were interpreted as contact sensitivity to pure Ti encas-
ing of the pacemaker because of a ++ patch test reaction to a
thin square of metallic Ti applied with artificial sweat [240].
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Granulomatous dermatitis after implantation of a Ti-
containing pacemaker was also observed both by Brun and
Hunziker and Viraben ef al., even they were unable to detect
positive reactions to neither titanium dioxide nor to a square
of the metallic pacemaker base [241, 242]. Yamauchi ef al.
utilized a different approach to evaluate Ti dermatitis in-
duced by a pacemaker. They prepared eluates from Ti encas-
ing coincubating it with the serum of patients. An intracuta-
neous test with the eluate gave a positive reaction at the sec-
ond day together with an in vitro lymphocyte stimulation
[243].

With regard to orthopedic implants, Lalor ef al. described
sensitivity to Ti in patients with failed Ti-based total hip re-
placement, in whom periimplantar tissue showed lymphohis-
tiocytic inflammation. Patients showed a positive skin test to
an ointment containing 20% titanium dioxide, 5% titanium
peroxide, 3% titanium salicylate and 0.1% titanium tannate
in a silicone-paraffin base, but they did not react to the Ti
salts administered alone. Moreover, EDX microanalysis of
tissues from all the cases demonstrated that the particulate
debris in the macrophages and the surrounding matrix was Ti
[244]. Another case of impaired fracture healing and eczema
localized to the perioperative area upon Ti-based osteosyn-
thesis has been observed. During patch testing, no reactions
to Ti developed, but when the LTT was applied, the patient’s
lymphocytes showed markedly enhanced in vitro prolifera-
tion to Ti. After removal of the Ti material, fracture healing
was obtained, the eczema cleared, and also the in vitro hy-
peractivity to Ti disappeared [245].

Moreover, an episode of skin irritation around percutane-
ous implants for hearing aids has been described but aller-
gological testing was negative in this patient [246]. In addi-
tion, gingival hyperplasia adjacent to intraoral Ti implants
has been reported and following substitution of the Ti abut-
ments with custom-fabricated Au abutments, the epithelial
condition returned to normal [247].

Concerning Ti alloy used in body piercing, lymphocy-
toma cutis has been reported in two cases of women wearing
Au-pierced earrings; zinc was detected by SEM-EDX micro-
analysis from the specimen of case 1 and Au and Ti from
case 2. This study demonstrates the existence of metal frag-
ments in the lesion, which may suggest the permanence of
metal for 20 years [248]. Moreover, a 68-year-old man who
had pierced his ears approximately 10 years earlier devel-
oped nodules at the sites of piercings. Microscopic examina-
tion demonstrated epithelialized tracts surrounded by a
granulomatous infiltrate of macrophages, lymphocytes, and
plasma cells. Closer examination revealed minute brown-
black particles within macrophages and SEM-EDX micro-
analysis demonstrated the particles to be composed of Ti, Al
and V [249].

Contact dermatitis from topical exposure to Ti com-
pounds is rare. In one report, patients presented an adverse
reaction to titanium lactate used in a deodorant [250]; an-
other paper observed generalized eczema in a patient work-
ing with melted Ti in a confined space [251]. Nanoparticles
of titanium dioxide are added to various paints and tattoo
pigments as a brightening agent, and is also a common in-
gredient in sunscreens as a physical blocker of ultraviolet
light. In a recent study, a commercially available blue ink
was revealed to contain a high concentration of Ti (36.82%)
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by quantitative EDX microanalysis [252]. In another work, it
is speculated that titanium dioxide contained in cosmetics
and sunscreens may adsorb Au particles in jewellery that
occasionally contacts facial skin and causes contact dermati-
tis on this area despite the absence of dermatitis under Au
jewellery worn on the hands [253].

Because standard Ti alloys (TiAl6Nb7, TiAl6V4) and
pure Ti discs were shown to contain up to 0.034% Ni as im-
purities, this metal may further act as elicitor of hypersensi-
tivity in cases where reactions are falsely attributed to Ti
material itself [254]. Furthermore, in Ti spectacle frames it
was Pd which acted as the alternative allergy elicitor [255],
whilst Ni, Co and Pd were responsible for allergic reactions
in frames erroneously declared as being made of Ti [256].

All these different case reports reflect the difficulty in
evaluating suspected Ti hypersensitivity also in considera-
tion of the fact that no standardized valid patch test prepara-
tion exists for this. A Japanese study has suggested that
patch testing with the 0.1% and 0.2% titanium sulphate solu-
tions and 0.1% and 0.2% titanium chloride were successful
reagents for Ti skin-patch tests and can be a valuable alterna-
tive to the patch testing with titanium oxide [257]. On the
other hand, using LTT, the sensitization to Ti might be re-
vealed with a higher sensitivity [258]. Recently, it has been
proposed that the optimized version of LLT, i.e., MELISA,
had a greater potentiality in diagnosing hypersensitivity to
Ti. In a recent study, 56 patients chronically exposed to Ti
via dental or endoprosthetic implants presented clinical
symptoms and were subjected to the MELISA test against 10
metals including Ti. Of the 56 patients tested, 21 (37.5%)
were positive to Ti. On the contrary, when patients were
patch-tested, all resulted to be negative to Ti. Following re-
moval of the implants, patients showed remarkable clinical
improvement [259].

To explain the sensitivity to Ti, several hypotheses have
been proposed. Under favorable conditions (acidic pH, me-
chanical friction), Ti implants may corrode and release ions;
for example, exposing the surface of nitinol to an acidic en-
vironment, a substantial leaching of Ti and Ni was observed
[260]. This mechanism has been suggested to play a role in
the loosening of implants. Furthermore, Ti has a high affinity
to proteins; Ti-bound cell membrane proteins (neo-antigens)
might induce autoimmune reactions, whereas Ti-bound intra-
cellular proteins might disrupt normal cell physiology [261].
Finally, Ti has been reported to activate macrophages, either
directly or subsequent to phagocytosis. Such activated
macrophages may secrete both pro- and anti-inflammatory
cytokines [262].

CONCLUSION

The ACD is a skin disease that today affects millions of
people worldwide. Allergens in contact with the skin can
develop different immunological responses and in many
cases be so severe to create inability to work or, in consid-
eration of the site of the skin eruption, to affect negatively
the quality of life of patients.

Due to their large appliances, metals are considered a
major risk factor in ACD development. Among them, Ni, Co
and Cr represented those with the highest allergizing preva-
lence, while others such as Al, Au, Be, Cu, Hg, PGEs and Ti
are new emerging allergens.
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Daily people aome in contact with metals because they
are present in several objects and products such as coins,
personal adornments (clasps, belts, pins, buttons), jewellery,
ear piercings, dental restorations, body prosthesis, ceramics,
catalysts, inks and tattoos, household products, hair dyes,
cement, and leather tanning.

It is well recognized that to prevent the development of
metal ACD in sensitized people, contact with the allergen
should be avoided. Whenever this is not possible, personal
care by the use of cotton gloves or active and protective
creams has been suggested. Other possible ways to prevent
ACD might be the industrial modification of composition of
alloys or plating and labeling of consumer products with
adequate warnings.

Despite the regulations released in the EU with the aim to
protect the health of people, a high number of subjects is still
affected by metal induced-ACD. More efforts in the identifi-
cation of the sources of human exposure to metal sensitizer,
characterization of metal allergological potency, develop-
ment of in vivo and in vitro tests as diagnostic tools should
be done in order to create a base of knowledge about this
health problem and adopt adequate prevention programs.
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