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Summary Tattoo artists use many compounds to create tattoo pigment and several allergic

reactions can occur as a result of these additives. The compositions of many inks have

been identified; however, as new mixtures are created it becomes difficult to identify the

specific ingredients in a particular ink. Allergic reactions to a particular pigment can

manifest in several ways including allergic contact dermatitis and photoallergic

dermatitis. Subsequently, tattoo ink or pigment allergy reactions can be classified as

acute inflammatory reactions, allergic hypersensitivities, and granulomatous, lichenoid,

and pseudolymphomatous types of reactions. This paper will review the clinical

manifestations and the most common compounds associated with cutaneous reactions

to tattoo ink.
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Background

When tattoo ink is injected in the dermis, the ink

pigment granules are engulfed by keratinocytes, fibro-

blasts, and phagocytic macrophages lying under the

dermal layers. The ink pigments become encapsulated in

fibrous tissue and become less reactive histologically,1

thus, allergic reactions to tattoo pigments are uncom-

mon. That stated, the introduction of foreign substances

into the skin can result in an immunologic reaction. In

the case of tattoos, this sensitivity is due to the

constituents of the ink pigments or ink as both terms

are used interchangeably in the literature.

When ink allergies occur they manifest clinically with

pruritis, localized edema, an eczematous eruption with

serous drainage, or rarely an exfoliative dermatitis. They

may also appear lichenoid (Fig. 1). Verrucous papules or

plaques may be seen rarely (Fig. 2).

Sensitivity to a particular pigment can manifest in

several ways including allergic contact dermatitis and

photoallergic dermatitis. Furthermore, tattoo ink reac-

tions can be classified as acute inflammatory reactions,

allergic hypersensitivities, and granulomatous, liche-

noid, and pseudolymphomatous types of reactions.

Histology shows acanthosis, spongiosis, and a lympho-

cytic perivascular infiltrate.

Components of ink

Tattoo artists use numerous compounds to create

pigment. The exact chemistry of some formulations

has been identified; however, as new mixtures are

created it remains difficult to identify the specific

ingredients in a particular ink.2 One study used light

and transmission electron microscopy with x-ray micro-

analysis to examine the pigment and found several

metallic elements including aluminum, iron, calcium,

titanium, silicon, mercury, and cadmium in the red dyes,

which could cause allergic reactions.3,4

Professional and amateur tattoos differ in their phys-

ical and chemical composition of ink: Amateur tattoos
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tend to use elemental carbon particles compiled from

cigarette ash, pencil particles, graphite, or inks, such as

India ink. Professional artists often incorporate organic

dyes mixed with insoluble metallic elements. They have

a propensity to mix pigments to achieve a desired

color5,6 (see Table 1).

Granulomatous and lichenoid reactions

Granulomatous and lichenoid hypersensitivity reactions

may also occur but both are less common than

eczematous reactions.7 Granulomatous reactions are

most commonly associated with mercury (red pigment)8

and consist of a collection of epithelioid cells, lympho-

cytes, and a few giant cells. Unlike eczematous hyper-

sensitivity tattoo reactions which have patch tests that

may be positive, granulomatous and lichenoid tattoo

reactions are more commonly associated with negative

patch test results. A granulomatous reaction seen in

violet areas of a tattoo contained aluminum particles9

and permanent eyeliner tattoos are also reported to

cause granulomatous reactions.10,11

Lichenoid reaction is thought to be a T-cell mediated

reaction and the lymphocytic T-cell infiltrate may

simulate a graft-versus-host response.12,13 Clinically,

verrucous papules or plaques characteristic of hyperker-

atotic lichen planus are usually seen but are limited to

the red portion of the tattoo. However, one patient

reportedly developed a generalized lichen planus reac-

tion.

Pseudolymphomatous reactions

Another form of delayed reaction to tattoo pigment may

lead to a pseudolymphomatous reaction. First published

by Ullmann in 1903,14 the mechanism remains un-

known. In the few published cases, the infiltrate is

localized to the red area of the tattoo. Lymphadenosis

benigna cutis (pseudolymphoma) can develop after injec-

tion of an antigen, persistent nodular arthropod bites,

wearing of earrings, and in association with tattoo

pigments.15,16 Likely, chronic antigen stimulation caused

by the red exogenous pigment is the cause as the dye

acts as an antigen leading to a proliferation of lymphoid

cells. The incubation period varies from a few weeks to

12 years.17

Pseudolymphoma is characterized by red to violet

indurated nodules and plaques which are clinically

similar to cutaneous B-cell lymphoma. Knowledge of this

type of reaction to tattoo pigment may prevent a

mistaken diagnosis of lymphoma. Histology can be used

to differentiate pseudolymphoma from cutaneous lym-

phoma. Important features of a pseudolymphoma

include germinal centers, a mixed cell infiltrate, prom-

inent vasculature, and predominant involvement of the

upper dermis compared with the lower dermis. Immu-

nohistochemistry reveals that lymphocytes in pseud-

olymphoma are primarily polyclonal.18

Hypersensitvity reactions

In addition, contact urticaria is another reaction

thought to be triggered by tattoo placement. In one

Figure 1 Lichenoid reaction to red ink in a black and red tattoo.

Figure 2 Ink allergy–reaction to blue ink with a palpable plaque,

erosions and localized edema.
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Table 1 Composition of tattoo pigments41

Tattoo ink ⁄
pigment color Ingredient Comments and relevant information

Black Iron Oxide

Carbon

Logwood

Natural black pigment is made from magnetite crystals, powdered jet, wustite, bone

black, and carbon.

Black pigment from carbon is commonly made into India ink.

Logwood is extracted from Haematoxylon campechisnum in Central America and the
West Indies.

Black tattoo pigments are extremely rarely associated with allergic reaction; however,

there have been a handful of cases reported.26

Most amateur tattoos are black accounting for the low frequency of allergic reactions

seen with amateur tattoos.

Brown Ochre (Ferric oxide) Ochre is composed of ferric oxides mixed with clay.

When heated ochre changes from yellow to a reddish color.

Red Cinnabar ⁄ Mercuric sulfide

Cadmium Red

Iron Oxide ⁄ Common Rust

Naphthol-AS pigment

Reactions most commonly occur to red pigments which may be caused by a variety of

components, particularly mercury sulfide (cinnabar).12,19,27

Cinnabar and cadmium pigments are toxic.

Naphthol red is least reported to cause reactions.

Mercury in red pigment causes most lichenoid tattoo reactions.28

In 1976, the Food and Drug Administration limited mercury in tattoo dyes to 3 ppm.

Despite this restriction, allergic reactions to the red pigments still occur.29

Patch testing for mercuric chloride may show a positive reaction but is not reliable for

cinnabar.

Yellow Cadmium Yellow

Ochres
Curcuma Yellow

Chrome Yellow (PbCrO4,

often mixed with PbS)

Yellow pigments rarely cause allergic reactions but when they occur, they are more

often photo-aggravated ⁄ toxic reactions due to cadmium sulfide (a light-sensitive
material).30

Thus, upon exposure to sunlight, the area with yellow pigments may develop edema

and erythema.31,32

Red tattoos have also been associated with photo-aggravated reaction, but it is likely

related to a cadmium additive used to brighten the red pigment.32

Curcuma is derived from tumeric or curcurmin.

Green Chromic Oxide (Casalis

Green or Anadomis Green)

Lead chromate

Phthalocyanine dyes

Ferrocyanides and Ferricyanides

Greens pigments may be mixtures, such as potassium ferrocyanide (yellow or red) and

ferric ferrocyanide (Prussian Blue).

Allergies to green and light-blue pigments are less common but when they do occur

they are often related to chromium, aluminum or chloride cobalt

additives.19–21,30,33,34

Chromium has been associated with local eczematous reactions, hand eczema and

generalized eczematous eruptions.33

Patch testing may be positive for 0.5% potassium dichromate.

Blue Azure Blue

Cobalt Blue

Copper phthalocyanine

Cobalt aluminate

Blue pigments from minerals include copper carbonate, sodium aluminum silicate (lapis

lazuli), calcium copper silicate (Egyptian Blue), other cobalt aluminum oxides and

chromium oxides.

The blues and greens least likely to cause allergic reaction are copper pthalocyanine

pigments which are more stable than cobalt or ultramarine pigments.
Copper pthalocyanine pigments have FDA approval for use in contact lenses and infant

toys and furniture.

Violet (purple) Manganese ammonium

pyrophosphate

Various aluminum salts

Dioxazine ⁄ carbazole

Some purple pigments, especially bright magentas, are photoreactive and lose their

color after prolonged exposure to light.

Dioxazine and carbazole result in the most stable purple pigments.

It is not confirmed, but manganese may cause granulomatous allergic reactions in some

purple tattoos.9,35

White Lead carbonate

Titanium dioxide

Barium sulfate

Zinc Oxide

Titanium oxides are one of the least reactive white pigments with no described allergic

reactions.36

White pigment may be used alone or to dilute the intensity of other pigments.

Henna Henna dye and

paraphenylene-diamine (PPD)

Temporary henna tattoos involve painting henna dye onto the skin to obtain a

brownish stain.

Henna itself is safe.

PPD, a textile dye and common industrial allergen, is often mixed into temporary henna

tattoos and can cause a contact dermatitis.37–40
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case, a hypersensitivity to the cobalt chloride contained

in blue ink was the cause. Patch testing was positive for

only chloride cobalt and this was thought to be through

a nonimmunological mechanism.19 A release of chem-

ical mediators including histamine, prostaglandins, leu-

kotrienes and others was observed without antibody

involvement. The presence of eosinophilic cells in the

infiltrate suggests an allergic response as well. Cobalt

salts are frequently used as a color indicator in provoc-

ative sweat testing. Many patients will develop a non-

immunologic contact urticaria (NICU) to cobalt salts and

thus it is likely that cobalt will produce a transient NICU

in most patients.20 Bjornberg previously described a

hypersensitivity allergic reaction to cobalt in light-blue

pigment.21 It has been suggested that there is also the

rare appearance of pure immunologic contact urticaria

as evidenced by clearing of the urticaria when the tattoo

is removed. The hypothesis was confirmed when surgi-

cal removal of the tattoo led to resolution of urticarial

symptoms.19 This is important as some cases of ‘‘idio-

pathic’’ urticaria may actually be related to tattoo

pigment hypersensitivity. Tattooed patients experiencing

urticarial signs and symptoms may want to consider

allergy testing, consisting of, open, prick, or possibly

intradermal testing for an immediate type reaction and

IgE hypersensitivity. Should another patient present

with this same condition, Koch’s postulates would be

completed by a cobalt challenge test after clearing.

Localization of disease in tattoos

Localization of skin disease in tattoos has also been

documented; there have been recent reports of kerato-

acanthomas, as well as melanomas, verrucas, and

reticulosarcomas at the site of tattoos.3,22 In eight

patients with 11 keratoacanthomas, the authors found

that red tattoo ink was associated with 82% of the

keratoacanthomas. They concluded that the association

with red tattoo ink suggests a form of hypersensitivity

associated with adnexal hyperplasia.22

Hypersensitivity after laser treatment of
tattoos

A patient with an allergic reaction to tattoo ink may

present requesting removal via the gold standard of

treatment for a tattoo, the Q-switched laser. Not only is

Q-switched laser treatment not indicated for removing

tattoos showing signs of allergic reactions but, ironically,

in some cases, tattoos not displaying the signs of a

cutaneous allergy may show signs of hypersensitivity

after Q-switched laser treatment as light from a Q-

switched laser can stimulate an allergic response.23

Before laser treatment, tattoo pigment is localized within

perivascular fibroblasts, mast cells, and macrophages.

After Q-switched laser treatment, rapid thermal expan-

sion fragments the pigment-containing cells causing the

pigment to become extracellular. This extracellular ink

may be released into the vascular supply and thus

recognized as foreign by the immune system causing a

hypersensitivity response. Anaphylactic shock is thus

also a rare possibility.

Treatment of cutaneous reactions to tattoo
ink

Treatment of cutaneous allergic reactions to tattoo ink

clearly depends on the severity of the signs and

symptoms. Conservative treatment options include top-

ical, oral, and ⁄ or intralesional steroids, oral anti-hista-

mines, and protection from UV light. NICU are not

completely understood but are thought to be related to

the degranulation of mast cells and basophils which

occurs independently of IgE receptor activation. Leuko-

triene formation as well as histamine release may also be

involved and thus oral anti-histamines may be helpful.24

Destruction methods include cryotherapy, electrosur-

gery, surgical excision, dermabrasion, chemical destruc-

tion via acid, or ablation via a non-Q-switched laser such

as carbon dioxide device. Additionally, a new technology

consisting of encapsulating tattoo pigments in poly-

methyl methacrylate (PMMA) polymer beads, just a few

microns in size, are being developed. These new micro-

polymer pigments contain components like brown iron-

oxide and orange beta-carotene which are easier to

remove and cause less allergic reactions by minimizing

the possibility of pigments leaking out into the dermis

unlike standard tattoos.

Conclusion

Lastly, there are many presentations of cutaneous and

allergic reactions to tattoo ink. It is very important for

physicians to be aware of these reactions and the

possibility of causing further reactions through treat-

ment with laser or other modalities. Also, although

unrealistic in practicality, it may be prudent for tattoo

artists to perform a patch test for the more commonly

reported allergens prior to placing a tattoo. Testing

patients with a history of chemical intolerance might

buoy a more realistically reached goal. However, in

patients without a history of intolerance to metals there
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is a risk of active sensitization through patch ⁄ intrader-

mal testing. The dermatologist and allergist can help

identify the chemical involved with patch and intrader-

mal testing. Making such patch and intradermal anti-

gens available from an ‘‘allergen bank’’, such as Klaus

Andersen’s in Odense, Denmark, would render an

important public service.25
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Jiménez N, Hernández-Gil J, Tercedor J, Soria C. Allergic

contact dermatitis to temporary henna tattoos. Acta

Dermosifiliogr 2007; 98: 91–5.

40 Onder M. Temporary holiday ‘‘tattoos’’ may cause lifelong

allergic contact dermatitis when henna is mixed with

PPD. J Cosmet Dermatol 2003; 2: 126–30.

41 About.com: Chemistry [Online]. 2009. [cited 2009 June

15]; Available from URL: http://chemistry.about.com/li-

brary/weekly/aa121602a.htm.

300 � 2009 Wiley Periodicals, Inc. • Journal of Cosmetic Dermatology, 8, 295–300

Cutaneous reactions to tattoo ink • R R Kaur et al.




