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Abstract: Tattooing is the procedure of implanting permanent pigment granules and additives into
the dermal layer of the skin, serving various purposes such as decoration, medical identification, or
accidental markings. There has been a significant rise in the popularity of decorative tattooing as a
form of body art among both teenagers and young adults. Thus, the incidence of tattoos is increasing,
with expanding applications such as permanent makeup, scar camouflage, nipple-areola, lips, and
eyebrows tattooing, and utilization in oncological radiotherapy such as colon marking. However,
there have been reported a broad range of adverse reactions linked to tattooing, encompassing
allergic reactions, superficial and deep cutaneous infections, autoimmune disorders induced by
the Koebner phenomenon, cutaneous tumors, and others. These reactions exhibit different onset
times for symptoms, ranging from immediate manifestations after tattoo application to symptoms
emerging several years later. Given the limited information on a tattoo’s side effects, this review
aims to elucidate the clinical spectrum of cutaneous complications of tattoos in different patients.
The analysis will investigate both allergic and nonallergic clinical presentations of tattoo-related
side effects, microscopic findings from skin biopsies, and therapeutic outcomes. This exploration is
essential to improve our understanding of tattoo-related cutaneous complications and associated
differential diagnoses and highlight the significance of patient awareness regarding potential risks
before getting a tattoo.

Keywords: tattoos; permanent makeup; cutaneous adverse reactions; tattoo-related complications

1. Introduction

The term “tattooing” is rooted in the Tahitian word “tattau”, meaning “to mark” [1].
It represents the procedure of implanting permanent pigment granules and additives into
the dermal layer of the skin, serving various purposes such as cosmetic applications (deco-
rative tattoos and permanent makeup) or therapeutic uses (medical tattoos) [1]. Medical
therapeutic tattooing plays an important role in techniques such as camouflage for vitiligo,
breast areola reconstruction after radical surgery, concealing permanent hair loss following
craniofacial surgery, and addressing scars after plastic and reconstructive surgery [1]. Acci-
dental occurrences, like traumatic tattoos resulting from abraded skin injuries, can also be
encountered [1].
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There has been a significant contemporary upswing in tattooing, particularly among
teenagers and young adults, as a form of cosmetic and decorative body art [1]. Currently,
there is a lack of stringent requirements, regulations, and legislative measures ensuring
the safety of tattooing [1]. Consequently, the reported incidence of adverse reactions after
tattooing has been increasing, although these are often observed by physicians but remain
relatively unknown to the general public and tattoo artists [1]. The shift in tattoo-ink
composition from inorganic pigments (heavy metals) to organic pigments (azo pigments)
in recent decades and the subsequent use of postcare products adds another layer of
complexity to understanding potential complications [2,3].

Common skin reactions documented in the medical literature encompass a transient
acute inflammatory response resulting from skin trauma induced by needles, involving
pain, development of blisters, crusts, and pinpoint hemorrhaging [2,3]. Moreover, there
have been reported a wide range of emerging cutaneous manifestations. Skin conditions
and issues following the process of tattooing can be classified into inflammatory disorders
(allergic reactions, chronic inflammatory black tattoo reactions, autoimmune skin afflic-
tions, foreign-body reactions, and pseudo lymphoma), infections (bacterial, mycobacterial,
viral, fungal, and parasitic), neoplasms (benign and malignant tumors), miscellaneous
complications (neuro-sensory issues, complications linked to magnetic resonance imaging,
and photoinduced reactions) and cosmetic issues (misapplication, pigment fanning or
migration, and scars) [1-3].

Delayed complications may include, in addition to scarring and cutaneous textural
changes, pigmentary alterations associated with tattoo removal using Q-switched lasers,
such as hypopigmentation and hyperpigmentation, and the occurrence of paradoxical
darkening of the tattooed area or residual pigmentation [1].

Our review seeks to offer a thorough description of the various types, clinical manifes-
tations, and, when applicable, microscopic findings of dermatological complications linked
to tattooing, along with their occurrence and underlying conditions. This investigation
is essential for advancing our understanding of cutaneous complications associated with
tattoos, including their differential diagnoses and therapeutic approaches.

Additionally, we underscore the importance of raising patient awareness about po-
tential risks before deciding to get a tattoo. Individuals with various skin diseases should
be warned of the potential risk of localization of specific cutaneous afflictions in a tattoo.
Moreover, adverse reactions to tattoos may also be the initial presentation of a specific
skin affliction.

2. Tattoo Trends and Practices

Throughout tattooing history, various methods and techniques have been devised to
achieve permanent body modifications, ranging from traditional, deeply rooted methods
to more contemporary approaches.

Piercing, the most prevalent method among modern tattoo artists involves using an
object like a needle to push ink into the skin [4]. Puncturing necessitates substantial force to
break through the skin, typically achieved with a tattooing device held at a 90-degree angle
whereas the cutting method involves tools dipped in ink to make incisions into the skin [4].

Hand poking stands as the oldest tattooing technique [4]. In this approach, a single
needle is employed to puncture the skin, creating dots of ink, and is generally associ-
ated with minimal pain [4]. Yantra and Tebori are also historic techniques that work by
puncturing the skin with a bamboo stick dipped in ink [4].

The stick-and-poke technique is frequently carried out at home, with individuals
applying the method on themselves by repetitively piercing the needle into the skin and
commonly utilizing various available inks [4].

The single-needle technique employs the method of piercing and utilizes a single
needle, driven by a tattoo machine [4]. Tattoos created through the single-needle technique
are typically small, intricate, and monochromatic [4].
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Currently, tattoo artists have access to various machines and needles, and employing
the right products is crucial in this process; high-quality products do make a significant dif-
ference [4]. A pricier machine ensures precise and uniform ink transfer into the customer’s
skin compared to one that operates irregularly and poses a risk of skin damage [4].

The same aforementioned principle extends to needles and colors. More professional
needles obtained from reputable manufacturers offer superior performance and safety [4].
While some other needles might work, the inconsistency in quality makes it challenging for
tattoo artists to consistently produce high-quality work [4].

The composition of elements in tattoo inks exhibits significant variation, even among
pigments of similar colors [5,6]. This underscores the intricate and diverse chemical compo-
sition of tattoo inks, emphasizing the need for an accurate diagnosis and treatment [6]. The
green dye utilized in tattoos is commonly composed of chromium oxide, lead chromate,
phthalocyanine dyes, ferrocyanides, and ferricyanides [6]. Cobalt is typically responsible
for the blue color, while cadmium sulfide contributes to the yellow pigment [6]. Cinnabar, a
mercury sulfide, ferric hydrate (sienna), sandalwood, brazilwood, and iron oxide contribute
to the red color, and manganese and aluminum to the purple color [6]. Mercury, chromium,
cadmium, and cobalt have been reported to induce various types of reactions in sensitized
individuals [7,8].

In recent decades, mineral pigments have seen widespread substitution by vibrant
organic pigments, notably falling into chemical classes such as azo pigments, quinacridones,
and phthalocyanines [8]. Case reports suggest that the former two classes may act as
sensitizers and contribute to allergies, particularly in tattoos with red hues [8]. However,
many studies struggle to establish a direct link between allergic reactions and organic
pigments [8]. This challenge arises because reports often rely on ingredient lists on ink
bottles without verifying pigments through chemical analysis in the ink or the patient’s
skin [8]. Notably, approximately one-third of ink labels provide inaccurate information
about the pigments used [8].

Pigments P.R. 22, P.R. 210, and P.R. 170 have been identified as the predominant
contributors to chronic allergic reactions in red tattoos [8]. The epitope responsible for
the reaction might be a degradation product of the pigment [8]. The presence of metal
contamination, originating from various sources, and its role in red tattoo allergies was not
conclusively determined [8].

According to the existing literature, tattoo inks commonly contain a diverse array
of metals [8]. Concerning tattoo safety and the risk of allergic sensitization, nickel and
chromium are particularly relevant [8]. A prior investigation involving allergy-patch testing
in patients with chronic tattoo reactions, encompassing allergies related to red tattoos and
instances of cross reaction, revealed a positive reaction to nickel sulfate in 21% of the
cases [8].

Lately, there has been a surge in studies exploring the application of medical tattooing
to achieve three-dimensional effects [9]. While the predominant use of medical tattooing in
this context is for the restoration of the nipple—areola complex, various other applications
of three-dimensional tattooing are coming to the forefront [9]. Concurrently, there is a
growing reliance on nurses and medical tattoo assistants to carry out these procedures [9].

3. Cutaneous Adverse Reactions

A tattoo invariably triggers an acute aseptic inflammatory response of varying in-
tensity [5-7]. This reaction is characterized by erythema, induration, and an edematous
appearance, accompanied by the dilation of hair follicles [7]. This immediate response
occurs during the tattooing session, right after the needle punctures the skin [7]. The freshly
inked tattooed area becomes surrounded by tender, erythematous, and red borders [7].
Depending on the individual’s skin, petechial purpura might be visible as well [7]. Over
the next 2-3 weeks, the tattoo gradually heals, with superficial crusts forming within a
week [7]. The retained ink in the epidermis is shed as the outer layer peels away [7]. Acute
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transient lymphadenopathy may occur in the draining area of the tattoo during the healing
process [7].

In medical practice, cutaneous complications are classified based on a comprehensive
evaluation, taking into consideration the patient’s history, clinical manifestation of the
tattoo reaction, a thorough physical examination, and histopathology of the reaction.

3.1. Inflammatory Tattoo-Related Side Effects
3.1.1. Allergic Reactions
Definition and Pathophysiology

Hypersensitivity reaction to tattoos or tattoo allergy has been described as a chronic
and persistent reaction affecting one or more tattoos, limited to a single color, and man-
ifesting over variable periods, from onset to several years after tattoo completion [5].

Allergic reactions to tattoos are the most prevalent complication, as other studies previously
stated [5,6] (Table 1).

Table 1. Inflammatory tattoo-related side effects and clinical measures.

Side Effects

Autoimmune Dermatoses and
Allergic Reactions [10] Auto-Inflammatory Afflictions
[3,7,11-13]

Clinical measures

Conservative [1] Invasive [1]
Oral antihistamines Cryotherapy
Sunlight exposure avoidance Electrosurgery

Standard treatment according to

Punch biopsies at
each affliction separately

Topical steroids: Surgical excision
Clobetasol propionate [1,5] Dermabrasion
Oral steroids Chemical destruction: acids,
Intralesional steroids [5] ablation, non-Q-switched
CO; laser

Allergic reactions to tattoos are primarily believed to be T-cell mediated, falling
under the category of delayed type-IV hypersensitivity [10]. The progression of a type-
IV hypersensitivity reaction typically consists of a sensitization phase and an elicitation
phase [10].

Limited studies propose the involvement of antibodies in chemical-induced hypersen-
sitivity adverse reactions [10,14]. In the context of tattoos, few clinical cases were reported
to likely encompass reactions mediated by antibodies [10,15-17]. A case of anaphylaxis
in a patient who had previous sensitization to colored ink was also mentioned [18,19].
Although considered a rare reaction, it is advisable to acknowledge it [18,19].

Clinical Manifestations

Typically, allergic contact dermatitis (ACD) presents approximately 1-3 days after
contact with a topical chemical and subsides upon removal of the triggering allergen [10].
The combination of henna tattoos with p-phenylenediamine (PPD) to achieve a black
coloration can also lead to the development of ACD (Figure 1). This reaction may be
accompanied by systemic manifestations, such as generalized lymphadenopathy and
fever [20].
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Figure 1. Allergic contact dermatitis developed on the left forearm after the application of a sticker.

Clinical presentations of allergic cutaneous reactions include papulonodular, plaque-
like, lichenoid, hyperkeratotic, or ulceronecrotic patterns [2,10]. Allergic reactions often
manifest locally within the entire tattooed area with the triggering color, but generalized
rashes or eczemas have been reported, especially in previously sensitized individuals [10].
These reactions usually resolve without treatment after a few weeks or months, suggesting
the involvement of soluble tattoo-ink components [10].

Generally, symptoms of an allergic reaction to tattoo pigments often lack specificity
and can manifest as tenderness, localized or diffuse swelling, and asymptomatic or itchy
papules or nodules, accompanied by crusts and excoriation due to isolated pruritus [7].
Even though itch is a commonly encountered symptom, pain has rarely been noticed [7].

Red tattoo pigments are the most commonly involved in allergic reactions [2]. In red
tattoos, allergic responses may include itching, swelling, eczematous, granulomatous, and
sarcoidal reactions [21]. Contact urticaria-like reactions or photoallergic reactions may also
be observed, particularly in older tattoos [10].

A case of a generalized eczematous eruption following the laceration of a tattoo in a
patient with sensitivity to mercury has also been documented [22].

Potential Trigger Factors

Allergic reactions without generalized rashes can be initiated by laser treatment
and potentially by sun exposure, leading to a sensitizer’s release, a phenomenon termed
photoallergy, distinct from phototoxicity [10]. As a result, sunlight can be a trigger, with
light capable of inducing the chemical cleavage of tattoo pigments, potentially contributing
to allergen formation [2].

Generalized reactions may occur during attempts to remove pigment with laser treat-
ment as well or due to photoallergic reactions in tattoos with yellow ink [10].

In rare cases, allergic reactions in tattoos may be triggered by implant materials,
leading to implant removal [10].

Although the precise allergen usually remains unidentified, one study by Serup et al.
suggested the likely involvement of naphthol AS azo pigments [8].

Nevertheless, in the context of tattooing, allergic reactions extend beyond tattoo pig-
ments [1]. Latex gloves worn by tattoo artists can induce severe type-I allergic reactions [1].
Furthermore, some reports mentioned the existence of type-IV allergic reactions associated
with tattoo aftercare products (fragrance, wool alcohols, panthenol, and colophony) [1].
Consequently, there is a potential for acute contact dermatitis in sensitized individuals,
particularly in response to topical agents such as disinfectants, which can delay the healing
process [7] (Figure 2).
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Figure 2. Clinical image of a contact dermatitis case developed on the right forearm.

Chronic Inflammatory Black Tattoo Reactions (CIBTR)

In tattoos, the potential allergen might be permanently present, potentially leading to
chronic inflammation. Delayed-type hypersensitivity reactions associated with tattoos can
occur shortly after application or several years later, depending on individual sensitization
and the need for metabolism, degradation, or additional immune stimulation for allergen
initiation [7].

Chronic reactions to tattoo pigments lead to the development of fibrosis and granu-
lomatous changes, contributing to the persistence of skin alterations [7]. This chronicity
is associated with the formation of nodules and fibrotic tissue in the dermis, indicating a
prolonged inflammatory response to the tattoo [7].

CIBTR, also known as ‘papulo-nodular’ reactions, clinically manifest as persistent
papules or nodules, localized exclusively to the black-inked skin, regardless of whether
they originate from sarcoidosis or not, and devoid of any clinical or histological indica-
tions of concomitant infection [2]. Typically, clinical symptoms involve mild pruritus or
pain [2]. Such reactions are acknowledged as potential indicators of sarcoidosis; although
the majority of CIBTRs are categorized as nonsarcoidosis, as they typically lack concurrent
manifestations associated with sarcoidosis (hilar lymphadenopathy, erythema nodosum,
lupus pernio, uveitis, and Lofgren’s syndrome) [2,3,23-25]. Solely relying on the cutaneous
clinical and histological characteristics may not always permit differentiation [2]. Some
authors argue that these reactions are nonallergic, attributing this to the inert nature of the
primary pigment in black tattoos [26]. Nonetheless, tattoo inks may contain other pigments,
including heavy metals, leading to the ongoing debate about the role of heavy metals [26].

Moreover, the manganese present in purple tattoos has been identified as a causative
factor for granulomatous reactions in specific patients [7]. Additionally, tattoo-associated
dermatoses, such as lichenoid reactions, pseudo lymphomas, and morphea-like lesions,
may manifest as part of the immune response to the pigments, further complicating the
clinical presentation [7,27,28].

Diagnostic Approaches

A potential diagnostic strategy for tattoo-related allergies involves obtaining a detailed
clinical case history to gather information on the suspected allergen’s characteristics, such
as its association with pigments and exposure to light or soluble ink ingredients [10].

Patch testing is considered the gold standard in the case of ACD, but it frequently
yields negative results, possibly due to the challenge of obtaining suitable patch-test
solutions given the limited dispersing capacities of most pigments [1,10]. Patch testing,
previously performed mainly on patients with reactions to red pigment in tattoos, showed
negative results, while others presented positive reactions to various acrylates and a mixture
of thiuram [6]. To enhance positive patch-test reactions, recommendations include tape
stripping, delayed readings, and photopatch testing, particularly for red pigments [1].

In cases where a patient has encountered a specific reaction to a tattoo color, it is
advisable to avoid using the same color in future tattoos, even if the ink brand may be
different [7]. However, it is important to note that a positive patch test might indicate
coincidental sensitization to the tested substance, and another allergen could be responsible
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for the skin reaction [10]. Additionally, individuals should be cautioned that predicting
reactions to other colors is uncertain, as there might be a common substance present in
both inks [7].

The limitation of patch testing lies in its ability to establish a correlation between
sensitization and a substance the patient came into contact with, such as nickel sensitization
correlating with nickel in tattoo ink [10]. Patch tests come with the uncertainty that other
substances present in the tattoo ink might have been the primary cause of the allergic
reaction [10].

A definitive diagnosis requires a pathological examination of a skin sample, and
various histopathological patterns aid in a more precise classification, providing clues to
potential conditions such as sarcoidosis or lichen planus (LP). Gonzalez-Villanueva et al.
proposed a diagnostic algorithm to guide dermatologists in the assessment of diverse
reactions to tattoos and the prescription of a more appropriate medical intervention [29].
Treatment choice may be influenced by histopathological findings.

Chemical analysis, combined with examining the presence of an allergen in the biopsy
or ink and conducting a positive patch test, may offer clues about the allergen’s identity [10].
Moreover, in vitro methods can reveal pathogenic T-cell populations in the patient com-
pared to nonallergic controls [10]. Detecting increased numbers of allergen-reactive T-cell
clones in the inflamed tattoo would strongly suggest a type-1V hypersensitivity reaction
to a substance present in the biopsy or ink [10]. Utilizing high-throughput sequencing
technologies can provide conclusive evidence that the skin reaction is indeed caused by the
suspected substance [10].

Histopathologic Features

Histologically, allergic reactions to tattoos have consisted of epidermal reactions (acan-
thosis, hyperkeratosis, or parakeratosis) associated with a persistent inflammatory infiltrate
in the dermis, mainly composed of lymphocytes [1,5,30] (Figure 3). Additional cellular
infiltrates, including macrophages, histiocytes, plasma cells, eosinophils, or neutrophils,
have been variably present [5,30]. Granulomas have been occasionally observed, either in
association with epidermal reactions or independently [5,30].

Figure 3. Hematoxylin—eosin staining, an inflammatory infiltrate with lymphocytes and collections
of macrophages loaded with black pigment (tattoo pigment), is evident and arranged superficially
perivascular in the papillary dermis.

The primary diagnosis can be classified depending on the predominant reaction
observed following biopsy [1,5,31]:
lichenoid reactions;
granulomatous reactions (foreign-body granuloma; sarcoidal granuloma);
cutaneous lymphoid hyperplasia (pseudo lymphoma);
eczematous reactions.
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Lichenoid reactions are primarily associated with red ink [3]. These reactions can be
attributed either to an allergy or to LP, characterized by planar polygonal papules and
plaques [3]. A localized flare up of LP is typically linked to the K&bner phenomenon
and thus not necessarily limited to a specific color [3]. However, distinguishing clinically
and histologically between lichen planus and allergic reactions with a lichenoid infiltrate
remains challenging. Allergic reactions typically affect a single color, though the reason
for this specificity remains unclear given the diversity of ink compositions [3]. Cases
where a localized lichenoid reaction on tattooed skin progressed to a generalized lichenoid
reaction have also been mentioned [3]. There is still some uncertainty regarding whether
the lichenoid reaction is triggered by the Kobner phenomenon in an (undiagnosed) LP
patient or if it is a result of the tattoo ink in an allergic patient, as the exact etiology remains
unknown. Topical tacrolimus is useful in case of lichenoid reactions [1].

Granulomatous inflammation is a common occurrence [23]. A foreign-body reaction to
pigment can give rise to elevated red bumps at the tattoo site, comprising epithelioid cells,
lymphocytes, and occasional giant cells [23]. Granulomatous reactions have been linked
to tattoos featuring various pigments, including red, green, blue, purple, and ultraviolet
(UV) visible inks [23]. The differential diagnosis for noninfectious granulomatous reactions
includes allergic reactions, foreign-body reactions, and sarcoidosis [3].

Sarcoidosis manifested on tattoos is most appropriately classified as ‘scar sarcoidosis’,
a well-recognized complication [3,11,12,32,33]. Sarcoidosis has been documented in tattoos
of various colors, with black ink being the most commonly reported [3,7,34]. It may appear
months or even years after placement [3,7]. Chronic exposure of the immune system
to ink may stimulate granuloma development and potentially lead to granulomatous
inflammation in individuals genetically predisposed to sarcoidosis [2,3,7].

Instances where cutaneous sarcoidosis is confined to a singular pigment color often
lead to the debate about whether it represents a real sarcoidal hypersensitivity reaction to
the exogenous pigment or serves as the first (and solitary) manifestation of an underlying
systemic disease [1,3,11,12,32,33]. Some reported cases describe granulomatous tattoo
reactions associated with uveitis, where inflammation is confined to the tattooed skin
and eyes, and no other systemic features, particularly sarcoidosis, are identified [3]. As
a result, Kluger et al. introduced the term “Tattoo Granulomas with Uveitis” (TAGU) to
describe cases where alternative diagnoses are excluded, and there is insufficient evidence
to diagnose sarcoidosis [10,34].

Symptoms manifesting up to several years after tattoo placement may suggest a po-
tential contribution from additional triggering factors, such as infection or certain systemic
medications (targeted therapies, BRAF and MEK inhibitors, allopurinol, and antiretroviral
therapy) [35]. Since granulomatous skin reactions may serve as the initial presentation
of systemic disease, patients should undergo a comprehensive screening for sarcoidosis,
encompassing chest imaging and laboratory tests (analysis of angiotensin-converting en-
zyme (ACE) and soluble interleukin-2 receptor (sIL2r) levels) and examination for ocular
involvement [2,3,7,34].

Foreign-body reactions frequently occur in the borders or corners of a tattoo, where
pigment density is higher than in other areas of the tattoo [3,7]. Touch ups are believed to
increase the risk of pigment overload and, consequently, lead to a foreign-body reaction [3].

The diagnosis of pseudoepitheliomatous hyperplasia was attributed to cases where
the intensity of epidermal hyperplasia was evident [5,31]. If the reaction is limited to one
color, an allergic response is more probable [3]. When multiple tattoo colors are involved,
distinguishing between an allergic reaction and a genuine pseudo lymphoma becomes
challenging [3]. The precise pathogenesis of pseudo lymphoma remains unknown, although
it is hypothesized that pigment induces chronic inflammation, leading to the polyclonal
proliferation of lymphoid B and T cells [3]. Histologically, these reactions may resemble
cutaneous T- or B-cell lymphoma, but they exhibit benign clinical behavior [3]. Malignant
transformation is rare; however, one case reported the progression into a histologically
malignant and immunologically monoclonal B large-cell lymphoma within a tattoo [3].
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Differential Diagnosis

Differential diagnosis of type-IV hypersensitivity reactions to tattoos should consider
other late reactions such as granulomatous foreign-body reactions, systemic diseases (sar-
coidosis and connective tissue afflictions), microbial infections, and pseudolymphomatoid
reactions [10,23].

Treatment Considerations

Different therapeutic strategies have been proposed throughout the scientific litera-
ture and are useful for dermatologists or any other clinician facing tattoo-related allergic
reactions. Hypersensitivity reactions may resolve spontaneously, persist, or fluctuate over
time [20]. Treatment approaches can vary from conservative measures to more invasive
procedures, depending on the severity and location of the lesions (Table 1). Conservative
treatment may involve the use of topical, oral, and/or intralesional steroids, oral antihis-
tamines, and sunlight-exposure avoidance of the tattooed area [1]. The management of
allergic reactions to tattoos has mainly involved the initial application of local corticos-
teroid (CS) ointments, especially those with high potency (clobetasol propionate), with or
without occlusives [1,5]. Half of the patients reported a complete or partial response to
this treatment, while medium-potency CS consistently proved ineffective [5]. Intralesional
CS injections demonstrated efficacy in half of the cases, even in instances of significant
reactions [5].

Invasive methods, while effective, carry the risk of causing permanent skin damage
through scar formation [1]. These methods include cryotherapy, electrosurgery, surgical
excision of the tattoo, dermabrasion, chemical destruction using acids, or ablation with
a non-Q-switched carbon dioxide laser [1]. Q-switched lasers, CO, ablative lasers, and
Erbium lasers have also been proposed as therapeutic tools [36]. It is important to note
that Q-switched laser therapy is not recommended when tattoos exhibit signs of an allergic
reaction, as the therapy itself can trigger or exacerbate hypersensitivity reactions [36].
Nevertheless, the neodymium: yttrium-aluminum-garnet and Q-switched ruby lasers
specifically aim at intracellular tattoo pigment [21]. They induce swift thermal expansion,
leading to the fragmentation of cells containing the pigment and resulting in the dispersion
of the pigment into the extracellular space [21]. Subsequently, the immune system identifies
this extracellular pigment as foreign, leading to allergic reactions after laser treatment in
some cases [21].

Notably, punch biopsies can selectively remove red, inflamed, and pruritic areas in
certain cases.

3.1.2. Autoimmune Dermatoses and Autoinflammatory Afflictions

Individuals with chronic autoimmune skin conditions, including psoriasis, vitiligo, atopic
dermatitis, LP, lichen sclerosus, pyoderma gangrenosum, lupus erythematosus, Darier’s dis-
ease, sarcoidosis, and autoinflammatory afflictions (granuloma annulare, morphea) face a
risk of the skin disease localizing within a tattoo [3,7,11-13] (Figure 4 and Table 1). These
skin disorders share a common trait wherein local skin trauma can trigger the onset of
the disease, known as the Koébner phenomenon [3,7,11-13]. The trauma induced by the
tattooing process triggers an inflammatory response, leading to localized exacerbations of
these dermatoses [37-39].

Heinrich Kobner initially described the Kébner phenomenon, observing the for-
mation of psoriasiform lesions, notably in a recently tattooed area, in a patient with
psoriasis [3,7,40,41]. The likelihood of psoriasis localizing in tattoos is influenced by the
individual’s genetic predisposition and the activity level of the disease during the tat-
tooing process [3,7,40,41] (Figure 5). While generalized flare-ups have been reported
post-tattooing, establishing a definitive link remains uncertain [3,7,40,41]. Individuals
with psoriasis should be cautioned about the potential for the disease to localize within a
tattooed area.
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Figure 5. Psoriatic papules and plaques in a young man’s tattooed back, elbow, and forearm.

Nevertheless, the scientific literature indicates a considerable variability in the time
interval between tattooing and the onset of symptoms. For instance, Horner et al. reported
a case of new-onset psoriasis guttate in a tattoo that manifested seven months after its place-
ment, suggesting that an older skin trauma could also trigger an isomorphic inflammatory
response [3,40].

Numerous cases of chronic lupus and, to a lesser extent, subcutaneous lupus linked
to tattoos have been reported [42,43]. The lesions typically exhibit characteristic lupus
features and may manifest as solitary entities or in association with multiple cutaneous
lesions [42,43]. Remarkably, these lesions tend to manifest predominantly in the red areas
of the tattoo [42,43]. The suspected pathophysiological mechanism in some cases involves
the potential synergistic effect of UV light, particularly when combined with specific tattoo
ink [42,43].

Clinical cases of LP have been correlated with localization to the tattoo sites [43]. When
encountering a lichenoid reaction to a tattoo, it is important to rule out oral or cutaneous
LP [43,44].

Finally, it is not uncommon for these cutaneous tattoo reactions to serve as the ini-
tial presentation of the underlying disease [37-39]. Individuals with autoimmune skin
conditions should be aware of these potential adverse reactions before undergoing tattoo
procedures [37-39].

A comprehensive clinical history and examination are imperative for accurate diagno-
sis. To confirm the diagnosis, a skin biopsy is essential, particularly when encountering
papulonodular growth within the tattoo pigment [1]. If active disease is present, appro-
priate therapy should be administered in cases of koebnerization [1]. Standard treatment
should be offered according to each affliction separately (Table 1).



J. Clin. Med. 2024, 13, 503

11 of 24

3.2. Infectious Tattoo-Related Side Effects

The risk of infection is influenced by various factors, including the skin’s condition
at the tattoo site, the proper sterilization of equipment, the use of contaminated tattoo
ink, inadequate disinfection of the tattooed skin area, and inappropriate aftercare [3,45,46].
During the healing process of the injured tissue after tattooing, patients often experience
pruritus and burning, which increase the risk of superinfection due to scratching and the
subsequent introduction of microorganisms [3,45,46].

Infections on tattoos can manifest either as pyogenic or nonpyogenic. In contemporary
times, due to standard hygiene practices and modern aseptic tattooing techniques, the ma-
jority of infections are typically superficial (acute superficial pyogenic infections, including
folliculitis, impetigo, and ecthyma), of bacterial origin, and manifest within a few days
post-tattooing [3,7,47]. One Danish study revealed that 10% of the unopened tattoo ink
stock bottles were contaminated with a range of bacteria, including both pathogenic and
nonpathogenic strains [47,48]. Examples of isolated strains include Pseudomonas species,
Staphylococcus species, Streptococcus salivarius, Streptococcus sanguinis, Enterococcus faecium,
and Acinetobacter species [47,48]. Additionally, 28% of the analyzed stock bottles were
found to be inadequately sealed [47,48].

However, more severe systemic infections can also occur, such as cellulitis, furunculo-
sis, necrotizing fasciitis, erysipelas, or bacterial endocarditis [49-55]. Historical records of
gangrene, tetanus, amputations, and syphilis have also been documented [49-55].

3.2.1. Bacterial Infections

The most commonly encountered clinical infections related to tattoos include im-
petigo and folliculitis [3,55]. Staphylococcus aureus, Streptococcus pyogenes, Clostridium dif-
ficile, and Pseudomonas aeruginosa are the primary causative agents for these superficial
infections [3,55] (Table 2).

Clinical manifestations of bacterial infections encompass local pain, erythema, and
swelling, as well as fever and purulence [3,56]. It is crucial to differentiate cellulitis or
erysipelas from temporary tattoo-induced edema, which is a transient reaction inherent
to the tattooing process, particularly when applied to the lower extremities [3,56]. This
reaction is inevitable and can occur in any individual [3,56].

Most bacterial infections are easily treatable, and their treatment generally aligns with
standard bacterial infection management (Table 2). They can be verified through suitable
cultures and subsequently treated accordingly. However, certain pathogens may pose
greater challenges. For instance, an epidemic of cutaneous infections caused by methicillin-
resistant Staphylococcus aureus was reported in the USA following tattooing [3,12,57].

In recent decades, one case of secondary syphilis occurring within a tattoo has been
reported [3,14]. In the 19th century, syphilis was more frequently described in the context
of tattoos [3,14]. During that period, tattoo artists often moistened needles with saliva or
used nonsterile or previously used needles, potentially leading to the contamination of
patients with Treponema pallidum [3,14].

3.2.2. Mycobacterial Infections

Tattoo-inoculated mycobacterial infections encompass tuberculosis, leprosy, and atypi-
cal mycobacteria such as Mycobacterium chelonae and Mycobacterium abscessus [6,15,16].

Tattooing can lead to the development of primary cutaneous tuberculosis [3,7,16,58].
This occurs when individuals lacking previous immunity are inoculated with Mycobac-
terium tuberculosis or Mycobacterium bovis [3,7,17,58,59]. Within 2-4 weeks, an erythematous
papule or nodule emerges, eventually progressing to a superficial ulcer known as a tubercu-
lous chancre [3,7,17,58,59]. Often, painless regional lymphadenopathy ensues within 3 to 8
weeks [3,7,17,58,59]. In cases where the patient’s immune system is compromised, there is
a risk of progression to lupus vulgaris and tuberculosis cutis verrucose, or even hematoge-
nous spread [3,17,58,59]. Differential diagnoses include foreign-body granuloma, sarcoido-
sis, inoculation leprosy, tertiary syphilis, and infections with atypical mycobacteria [7]. The
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histological examination typically reveals epithelioid histiocytes, Langhans giant cells, and
tuberculoid granulomas, with or without central caseous necrosis [3,17,58,59]. A positive

tuberculin test holds significant diagnostic value for primary tuberculosis [7,17,58,59].

Table 2. Bacterial and mycobacterial tattoo-related side effects and clinical measures.

E?flgcets Bacterial Mycobacterial
Staphylococcus .
aureus/Streptococcus Mycobacterium tuber- lMy mbﬂdezmm Cﬁ e b . ) )
ogenes/Clostridium  culosis/Mycobacterium onae/Myco acterum Mycobacterium Mycobacterium
Zzyﬁ‘lgc ile/Pseudoronas bovis [3,7,17,58,59] abscessus/Mycobacterium  mageritense [3,60,61] leprae [1,3,62]

aeruginosa [3,55]

fortuitum [6,15,16]

Clinical measures

Paucibacillary
disease [65]:
Dapsone + Rifampicin
+ Clofazimine for
6 months

Multibacillary
disease [65]:
Dapsone + Rifampicin
+ Clofazimine for

e A v
h [63]: antibiotics [64] therapy [64]: R.lfampmm
Standard bacterial phases [05]: (Clarithromycin) Amikacin resistance [65]:
. . Isoniazid . . 24 months treatment
infection Rifamoicin 4 months in Imipenem
management P razin};mi de mild cases Cefoxitin broken down as
Et};ambutol or 6-12 months in Fluroquinolones 6 mor}th§ of
. severe cases Sulfonamides Clofazimine +
Streptomycin Ofloxacin and

Minocycline followed
by 18 months of
Clofazimine +
Ofloxacin or
Minocycline

Dapsone resistance [65]:
Clofazimine +
Rifampicin for

6 months

The treatment approach for cutaneous tuberculosis is consistent with that of systemic
tuberculosis and involves multidrug therapy [63]. Commonly used drugs include isoniazid,
rifampicin, pyrazinamide, and ethambutol or streptomycin, administered in two phases:
the intensive one (which aims to rapidly reduce the burden of Mycobacterium tuberculosis
and typically spans about 8 weeks) and the continuation phase, designed to eradicate
any remaining bacteria and extends for a duration of 9 to 12 months [63] (Table 2). Strict
adherence to the treatment regimen is crucial for a successful cure [63].

Various factors influence the outcomes of treatment, including the patient’s immunity,
overall health, disease stage, type of cutaneous lesions, treatment adherence, duration of
therapy, and potential side effects [63].

Atypical mycobacterial infections, particularly with Mycobacterium chelonae, appear to
be an emerging complication [3,66—-69]. This occurrence is particularly associated with the
preparation of grey ink, which is obtained by diluting black ink with water [3,67]. If the wa-
ter used in this process is contaminated with Mycobacterium chelonae, a bacterium commonly
found in nonsterile water, it can lead to infections [3,67]. Less commonly, skin infections
can be caused by other mycobacterial species, such as Mycobacterium haemophilum, Mycobac-
terium abscessus, Mycobacterium immunogenum, Mycobacterium massiliense, Mycobacterium
mageritense, and Mycobacterium fortuitum [3,60,61] (Table 2). Interestingly, mycobacterial
infections tend to manifest more frequently in the grey or black areas of a tattoo [3,67].
Clinically, lesions present as chronic papules, pustules, lichenoid plaques, and plaques
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with scales, typically developing within 1 to 3 weeks after the procedure [3,67]. Ulcerated
nodules primarily confined to the tattooed area have also been reported [3,67].

For skin and soft-tissue infections caused by nontuberculous mycobacteria, a pro-
longed treatment regimen involving combination therapy with at least two susceptible
antimicrobials is recommended to minimize the risk of antibiotic resistance [64]. Typically,
the recommended duration of therapy for mild cases is around 4 months, while severe cases
may require treatment for 6-12 months [64]. Macrolide antibiotics, with clarithromycin
commonly included, are considered standard treatment for nontuberculous mycobacteria
infections, including those associated with tattoos and involving Mycobacterium chelonae,
Mycobacterium abscessus, and Mycobacterium fortuitum [64]. However, it is important to note
that Mycobacterium mageritense is known to be resistant to macrolides due to the presence
of the erythromycin ribosomal methylase gene, which imparts resistance to macrolide
antibiotics [64]. Mycobacterium mageritense generally exhibits susceptibility or intermedi-
ate susceptibility to amikacin, imipenem, cefoxitin, fluoroquinolones, and sulfonamides
but is resistant to clarithromycin [64]. It is essential to guide antibiotic therapy based on
susceptibility testing [64] (Table 2).

Instances of tattoo inoculation with Mycobacterium leprae are predominantly reported in
regions where leprosy is endemic, and unhygienic tattooing practices are prevalent [1,3,62].
The onset of leprosy after tattooing can vary significantly, occurring between 10 to 20
years post-tattooing [1,3,62]. Outbreaks have been linked to the use of shared needles
during unhygienic tattooing by roadside artists [3,7,62]. Manifestation of leprosy skin
lesions may occur 10 to 20 years after the initial inoculation, and the clinical presentation
is primarily influenced by the immunologic status of the host [3,7,62]. In cases where a
mycobacterial infection is suspected, conducting a biopsy, tissue culture, and polymerase
chain reaction for Mycobacterium species is recommended [3,7,62]. Histologically, these
reactions are characterized by the formation of suppurative granulomas with the presence
of polymorphonuclear leukocytes [3,7,62].

Treatment recommendations for leprosy in adults consist of long-term multidrug
therapy: dapsone, rifampicin, and clofazimine for 6 months in paucibacillary disease
and for 12 months in case of multibacillary disease [65]. In case of rifampicin resistance,
clofazimine plus at least two of minocycline, clarithromycin, and quinolone for 6 months
is recommended, followed by an additional 18 months of clofazimine plus one of the
aforementioned drugs [65] (Table 2).

3.2.3. Viral Infections

The transmission of infections such as verrucae, molluscum contagiosum virus,
human papillomavirus (HPV), herpes simplex virus (HSV), human immunodeficiency
virus (HIV), and hepatitis B (HBV) and C viruses (HCV) has been documented [3,7]
(Figure 6 and Table 3).

Figure 6. Multiple viral warts localized on the trunk.
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Table 3. Viral, fungal, and parasitic tattoo-related side-effects and clinical measures.

Side Effects Viral Fungal Parasitic
Dermatophytes/
Aspergillus fumiga-
Viral warts Cﬁ‘ﬁ;ﬂ:’; HPV, HSV, HIV, HBY t"sz/iz,z:z;rgsfi‘;j“/ Leishmania
[3,52,70-72] [3,52.70-72] and HCV [3,7] Acremonium species [3]
fungi/Candida
[3,7,14,73,74]
First-line [7779]: Topical a.ntifungals:

Firstline [75,76]: Cryotherapy C]lEocg;r;;jl?e le Pig}igfiher:gl}i’c
Salicylic Acid Curetage Miconazole ther};n
Cryotherapy Cantharidin 1 L Pg’

Podophyllotoxin Ketoconazole Imiquimod [80]
Nystatin Terbinafine
Refractory warts [76]: Intralesional or
Topical systemic
. immunotherapy e antimonials [80]:
Clinical measures (contact allergens, Mulpchsmplmary Sodium
. . medical personnel .
intralesional . . . stibogluconate
. (infectious disease .
Bleomycin, ialist Meglumine
Fluorouracil) Aiﬁf:iljai: ;s Systemic antifungals: antimoniate
Amphotericin B -
Other [77-79,81-85]:  standard therapeutic P Other systemic
, Itraconazole :

Other [75,76,86-91]: Imiquimod approach Fluconazole therapies [S0]:
Cantharidin Salicylic Acid Voriconazole AmPhoter?cmB
Imiquimod Topical retinoids Terbinafine llz/hltef(’?g}e

Trichloroacetic acid Griseofulvin entamidin

Itraconazole

Pulsed dye laser Fluconazole

Intralesional Ketoconazole
immunotheraphy P .

Surer aromomycin
gery Zinc sulfate
Allopurinol

Viral warts and molluscum contagiosum lesions exhibit varying numbers and sizes,
sometimes confined to a specific tattoo-ink color [3,52,70-72] (Figure 7). Onset may occur
between 1 month and 10 years after tattooing [3,52,70-72] (Figure 8). The inoculation may be
associated with contaminated instruments, alterations in local immunity related to the ink,
or intense UV-light exposure [3,52,70-72]. However, the most plausible hypothesis remains
the pre-existence of microscopic skin lesions disseminated through the tattoo drawing by
a Koebner phenomenon [3,52,70-72]. When multiple viral lesions spontaneously appear
within a tattoo, it may prompt testing for underlying immunodeficiencies [3,92].

Figure 7. Clinical and dermoscopic features of viral warts localized on the right leg.
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Figure 8. Clinical and dermoscopic features of a viral wart in a microtattooed eyebrow.

First-line treatment approaches for viral warts are salicylic acid and cryotherapy [75,76].
Refractory warts could benefit from topical immunotherapy with contact allergens, intrale-
sional bleomycin, and fluorouracil [76] (Table 3). A variety of other additional treatments
include cantharidin, imiquimod, trichloroacetic acid, pulsed dye laser, intralesional im-
munotherapy, and surgery [75,76,86-91] (Table 3).

First-line therapies for molluscum contagiosum lesions include cryotherapy, curettage,
cantharidin, and podophyllotoxin [77-79] (Table 3). Other treatment considerations involve
imiquimod, salicylic acid, and topical retinoids [77-79,81-85] (Table 3).

Isolated cases of HPV and HSV within tattoos have been reported. HSV has been docu-
mented in people with cosmetically tattooed lips. These infections can either be transmitted
during tattooing or reactivated from a previously dormant virus [3,7]. The incubation
period typically spans weeks to months [3,7]. The triggering factor may be represented
by a recent sunburn, suggesting that UV radiation could induce immunosuppression and
activate HPV [3,7].

Severe viral infections, including HIV, HBV, and HCV have been reported in as-
sociation with tattooing, the majority of these reports involving tattoos performed in
nonprofessional settings [3,7]. With current hygiene regulations and tattoos administered
by professional artists, the transmission of these viral infections is considered unlikely [3,6].
Additionally, many individuals with HIV, HBV, or HCV have other potential modes of
transmission, such as injection drug use [3,7].

Antivirals represent the standard therapeutic approach, and the involvement of multi-
disciplinary medical personnel is advisable (Table 3).

3.2.4. Fungal Infections

Fungal infections following tattooing are infrequent. However, there have been rare
cases of infections involving dermatophytes, Aspergillus fumigatus, sporotrichosis, zygomy-
cosis, Acremonium fungi, or Candida [3,7,14,73,74]. The possibility of fungal infections
should be taken into consideration when cutaneous complications worsen with the use of
topical corticosteroids [3,7,14,73,74].

Antifungals, either systemic (amphotericin B, itraconazole, fluconazole, voriconazole,
terbinafine, and griseofulvin) or topically applied (clotrimazole, econazole, miconazole, keto-
conazole, nystatin, and terbinafine) represent the standard therapeutic approach (Table 3).

3.2.5. Parasitic Infections

Cases of cutaneous leishmaniasis emerging in tattoos are seldom documented, and
all reported ones have been observed in individuals already diagnosed with visceral
leishmaniasis or HIV, conditions associated with immunosuppression [3]. The reuse of
needles may represent a potential mode of transmission [3].

Diagnosis of cutaneous leishmaniasis relies on a meticulous assessment of the patient’s
medical history and a detailed examination of the lesion’s clinical characteristics [80]. In
nonendemic areas, obtaining a comprehensive travel history is imperative, given the pro-
longed incubation period [80]. Confirmation of the diagnosis entails the identification of
the parasite through procedures such as biopsy or split skin smear [80]. For a precise deter-
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mination of the Leishmania species, especially in cases involving a risk of mucocutaneous
leishmaniasis, culture and polymerase chain reaction (PCR) techniques are employed [80].

Therapy options include cryotherapy, photodynamic therapy, imiquimod, and in-
tralesional or systemic antimonials (sodium stibogluconate, meglumine antimoniate) [80]
(Table 3). Other systemic employed therapies involve amphotericin B, miltefosine, pen-
tamidine, antifungal drugs (itraconazole, fluconazole, ketoconazole), paromomycin, zinc
sulfate, and allopurinol [80].

3.3. Neoplasms

Carcinogenesis is a complex process influenced by various factors contributing to the
occurrence of neoplasms in tattooed areas [3,93]. These factors include the intradermal
injection of potentially carcinogenic substances (benzopyrene), trauma induced by the
tattooing procedure, chronic inflammatory response to foreign material in the skin, UV
radiation, and, notably, genetic predisposition [1,3,93]. Additionally, a delayed diagnosis
may be present, as tattoos can hide the appearance of new skin lesions and the development
or alteration of neoplasms, complicating the clinical evaluation of the skin and potentially
causing a delayed diagnosis [3,93]. Moreover, tattooing over a nevus might induce trauma,
induce dysplasia, or potentially mask associated dysplastic signs [3,93] (Figure 9).

Figure 9. Clinical picture of a hardly identifiable nevus localized on the lateral side of the wrist.

Benign lesions such as seborrheic keratosis (Figure 10), histiocytofibroma, dermatofi-
broma (Figure 11), epidermal cysts, and milia are commonly observed after tattooing but
seldom documented [3,7,46,94,95].

Figure 10. Clinical and dermoscopic features of seborrheic keratosis localized on the left forearm.

Several cases of melanoma, basal cell carcinoma (BCC), squamous-cell carcinoma
(SCC), and keratoacanthoma (KA) in tattoos have been documented [3,95]. Additionally,
tattoo ink is believed to contain potential carcinogenic substances, such as aromatic amines
and polycyclic aromatic hydrocarbons [55]. Apart from melanoma, BCC, SCC, and KA,
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isolated cases of rare cutaneous malignancies, including dermatofibrosarcoma protuberans,
cutaneous leiomyosarcoma, and cutaneous lymphoma, have been reported [3]. Kluger and
Koljonen demonstrated that melanomas and BCCs are more commonly associated with
dark-colored tattoos, while SCCs, KAs, and pseudo-epitheliomatous hyperplasia mainly
occur on red tattoos [3,93,95].

Figure 11. Clinical and dermoscopic features of a dermatofibroma localized on the left leg.

Lastly, the laser removal of tattoos can pose challenges, as tattoo pigments phago-
cytosed by macrophages are transferred to regional lymph nodes, potentially creating
confusion with metastatic changes [1]. In cases where concurrent melanoma is evident, a
histologic pigment analysis is recommended [1].

To confirm the diagnosis, a skin biopsy is essential, as neoplastic conditions may not
be readily identified through clinical examination alone. The surgical excision of tumors
is undertaken based on the location and dimensions of the lesion, potentially involving
lymph node removal in the presence of metastases [1].

3.4. Miscellaneous Complications
3.4.1. Neuro-Sensory Complications

Occasionally, unexplained pain or itching in a tattoo has been noticed, and in such
cases, clinical and histological abnormalities are typically identified [3]. Morte et al. re-
ported complex regional pain syndrome in an individual with a wrist tattoo [3,96]. It
was hypothesized that substances in the ink may have influenced the C-fibers of the sen-
sory nerve due to the tattoo’s location in the proximity of the superficial presence of the
cutaneous branch of the median nerve at the wrist [3,96].

3.4.2. Skin Side Effects following Magnetic Resonance Imaging

Notably, tattoos may pose challenges in medical diagnostic studies, leading to evolving
issues with procedures such as sentinel lymph nodes, magnetic resonance imaging (MRI),
and positron emission tomography (PET) scans [7]. Numerous scientific studies highlighted
that patients with tattoos or permanent makeup encountered cutaneous reactions after MRI,
including skin irritation, swelling, and burning [3,97,98]. Additionally, tattoos, particularly
those with metallic pigments in permanent makeup, may disrupt MRI quality and lead
to image artifacts [3,97,98]. This issue tends to arise when pigments containing magneto-
ferrous compounds are utilized [3,97,98]. While the precise causative mechanism is unclear
and given the fact that symptoms are transient and relatively minor, individuals should
not be discouraged from undergoing MRI [3,97].

3.4.3. Photo-Induced Cutaneous Complications

Photosensitive reactions are commonly documented, as indicated by previous reports [2].
Reactions to ultraviolet (UV) light are primarily observed in yellow tattoos, where the swelling
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response to cadmium sulfide may exhibit phototoxicity [3,7,17]. Among 24 patients with
yellow tattoos, 18 experienced edemas in the tattooed area after sun exposure, with four
exhibiting a similar reaction in regions colored with red pigment due to the fact that small
quantities of cadmium are introduced to enhance the vibrancy of the red tattoo pigment [17].

Photo-induced reactions to cadmium sulfide result in erythematous and edematous
lesions in experimentally tattooed areas exposed to light with wavelengths of 380, 400, and
450 nm [3,17]. However, van der Bent et al.’s investigation revealed a comparatively low
incidence of patients experiencing (nonallergic) photosensitive reactions [2]. This could
be attributed to the generally acute and mild nature of the symptoms, potentially leading
patients with only mild complaints to not refer to a dermatologist [2].

The exact pathology of these reactions is not well understood, but they are consid-
ered phototoxic and should be treated accordingly [3,17]. Due to the significant shift in
tattoo inks and pigments from inorganic to organic (mainly composed of azo dyes), these
phototoxic reactions are less frequent nowadays [3,17].

Hutton Carlsen et al. conducted a study directly engaging sunbathing individuals
with tattoos on the beach [3,99]. Interestingly, 52% of those approached identified sunlight
as the triggering factor for tattoo irritation [3,99]. Sunlight-induced reactions were pre-
dominantly reported with red tattoos and exhibited a rapid on-and-off pattern, sometimes
occurring within seconds [3,99]. The presumed causative mechanism for these phototoxic
reactions involves the photochemical reaction of pigment-inducing reactive oxygen species
(ROS) [3,99]. ROS may interact with DNA, proteins, or lipids, compromising their nor-
mal functioning and leading to symptoms such as pain, itching, or even cell death [3,99].
Protective measures could include covering tattoos from UV light or using sunscreen [3,99].

Granulomatous reactions occurring incidentally in tattoos becoming visible under
blacklight or UV light have been reported as well [3,99,100]. These tattoos, which are
hidden until exposed to ultraviolet A (UVA) light (“black light”), may contain polymethyl-
methacrylate, which fluoresces when exposed to UV light [3,98-100]. In these inks, poly-
methylmethacrylate microspheres are laden with a fluorescent dye. The safety of such
tattoo inks remains unclear. Symptoms may resolve after using sunscreen and covering the
affected skin area [3,99,100].

3.5. Cosmetic Issues

The most common cosmetic adverse reactions often involve dissatisfaction with the
tattoo, stemming from issues like misapplication, pigment migration, or pigment fan-
ning [101,102]. Pigment migration has been noted following local anesthetic injections
before laser tattoo removal [101,102]. Multiple injections may create tunnels in the skin,
allowing ink to spread into the surrounding areas [101,102]. The best cosmetic outcomes
are typically achieved with pigment lasers; but caution is demanded, as these lasers can
induce irreversible paradoxical darkening of the skin [101,102]. When exposed to laser
light, ink containing ferric oxide undergoes irreversible darkening, leading to potentially
disfiguring consequences, particularly in permanent makeup [101,102].

A tattoo blowout refers to an adverse reaction where the tattoo pigment disperses
beyond the boundaries of the original tattoo due to the ink being injected too deeply into
the subcutaneous fat [3,14,103]. This issue may manifest shortly after the completion of the
tattoo. It is important to distinguish it from natural aging, which leads to blurry outer lines
of a tattoo over time, as a tattoo blowout occurs much more rapidly [3,14,103].

The presence of tattoo inks may influence the local environment, potentially resulting
in an altered immune response and a modified wound-healing process in areas of tattooed
skin [10]. Tattooing involves a significant skin trauma that might lead to hypertrophic scars
or keloids [2,3,104] (Figure 12). Nevertheless, caution is recommended, particularly for
individuals with a history of scars, especially when tattooing predisposed areas such as the
upper arms, shoulders, neck, knees, ankles, and sternal area [2].
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Figure 12. Development of a keloid scar after tattooing on the upper arm.

4. Diagnostic Implications

As previously mentioned, assessing pigmented lesions on tattooed skin represents
a diagnostic challenge for dermatologists, since a cutaneous lesion might be partially or
entirely concealed by tattoo pigment [105-107]. Several diagnostic tools may become
extremely useful in these particular situations.

A retrospective study was undertaken to identify pigmented lesions located on or near
tattooed skin, which were subsequently assessed using reflectance confocal microscopy
(RCM) [107]. Reilly et al. concluded that the presence of tattoo pigment did not impede the
assessment and diagnosis of pigmented lesions with RCM [107]. As a result, RCM could
represent a valuable diagnostic tool for pigmented lesions located on or in proximity to
tattooed skin [107].

Melanocytic nevi can be accurately categorized using high-frequency ultrasound
(HF-US), demonstrating a robust correlation with both dermoscopic and clinical classifica-
tions [108]. HF-US has the potential to unveil the internal morphological characteristics of
nevi, thereby aiding in more precise classification and management [108].

Aesthetic procedures may also be influenced by tattoos, especially in the case of
microblading eyebrows. In facial regions, the proximity of various muscles increases the risk
of complications in botulinum toxin injection procedures, particularly when administered
by individuals lacking professional expertise. Therefore, customization of minimally
invasive aesthetic procedures through ultrasound imaging is advisable [109].

5. Tattooing as a Matter of Global Health

Tattooing, as a form of self expression, has been a ritualized practice across diverse
cultures for centuries, and its symbolic significance has evolved both individually and
culturally [110]. Encouraging clinicians to engage with individuals potentially considering
getting a tattoo may offer them valuable insights into the associated risks and how to make
an informed decision [110].

Education extends beyond merely sharing information about various treatments [110].
It includes building relationships and fostering trust [110]. Demonstrating a commitment
to educating people and addressing cutaneous adverse reactions linked to tattooing directly
empowers people to make informed decisions regarding their future options. People
should refer to a dermatological consultation before getting a tattoo, in which an extensive
evaluation of associated skin diseases and comorbidities should be performed along with
a dermoscopic evaluation. As it is not uncommon for cutaneous tattoo reactions to serve
as the initial presentation of an underlying disease, individuals with autoimmune skin
conditions should be aware of these potential adverse reactions before undergoing any
tattoo procedure [110].

The prevention of the majority of tattooing complications relies on meticulous adher-
ence to already-established guidelines [110]. Strict aseptic precautions are imperative to
forestall viral, bacterial, and fungal infections. It is essential that instruments maintain
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sterility, with a preference for disposables to mitigate the risk of transmissible infections
such as HBV, HCV, HIV, and leprosy [110]. Additionally, diverse countries enforce regu-
lations governing blood donation post-tattooing, with varying periods typically ranging
from 4 months to 1 year [110].

Thoroughly cleaning the skin to be tattooed is mandatory to prevent the introduction
of resident skin organisms into the dermis [110]. Inks should be sterile and of high quality,
devoid of extraneous contaminants, to minimize the incidence of allergic and granuloma-
tous reactions [110]. Tattooing should be performed by trained personnel to ensure proper
pigment placement at the appropriate depth [110].

Nevertheless, specific tattoo inks are available to facilitate easy removal [10]. They
contain bioresorbable dyes encapsulated in polymethylmethacrylate beads, with pigments
designed to permit targeting of the tattoo by specific laser wavelengths [10].

Effective communication between customers and tattoo artists is also important and
may be achieved by means of trust, credibility, and dedication to delivering the highest
quality care [110]. Identification of distinct customer segments allows for tailoring educa-
tional initiatives in order to meet the unique needs of each person [110]. Both customers
and tattoo artists should be aware of the possible side effects of tattooing, as it represents a
matter of global health.

6. Conclusions

The prevalence of decorative tattooing has markedly increased as a popular form
of body art, especially among young adults. Presently, there is a notable surge in tattoo-
ing, with a focus on cosmetic and decorative aspects. However, there is a deficiency in
strict requirements, regulations, and legislative measures to guarantee the safety of tattoo
procedures. As a result, there has been a growing number of reported adverse reactions
following tattooing.

While many of these reactions are generally not life threatening, a consideration of
potentially serious skin conditions is essential. The adverse reactions can be categorized
into five main groups: inflammatory reactions, infections, neoplasms, miscellaneous, and
others. While infectious diseases are directly linked to the tattooing process and can be
mitigated through the education and training of tattoo professionals, other complications
are often less foreseeable.

By actively engaging in the education of individuals and addressing the cutaneous ad-
verse reactions associated with tattooing, there is a direct empowerment for people to make
well-informed decisions regarding their future choices. It is recommended that individuals
seek a dermatological consultation before getting a tattoo, encompassing a comprehensive
assessment of related skin diseases and comorbidities, along with a dermoscopic evaluation.
Given the occasional occurrence of cutaneous tattoo reactions serving as the primary mani-
festation of an underlying disease, individuals with autoimmune skin conditions should
be mindful of these potential adverse reactions prior to undergoing any tattoo procedure,
particularly when the dermatosis is active. Moreover, enhanced regulatory oversight in ink
manufacturing is crucial to prevent the introduction of toxic, carcinogenic, or immunogenic
substances. Nevertheless, the true incidence of adverse reactions related to tattoos is still
challenging to estimate due to the lack of comprehensive data.

Author Contributions: Conceptualization, O.A.O. and B.B.-G.; methodology, L.G.P; software, E.A;
validation, O.A.O., M.C., A I, and M.M.M,; formal analysis, R.T.,, L.G.P, B.B.-G., AL, M.C,, C.-D.G,,
and M.M.M,; investigation, O.A.O., L.G.P, B.B.-G., AIL, C.-D.G., R.T,, and M.M.M,; resources, M.C.,
0.A.0, BB.-G., AL, E.A,, RT., and M.M.M.; data curation, O.A.O., L.G.P, B.B.-G., AL, E.A,, C.-D.G,,
and M.M.M.; writing—original draft preparation, B.B.-G.; writing—review and editing, O.A.O.,
L.G.P,B.B.-G., Al,E.A.,, M.C,, and R.T,; visualization, O.A.O., L.G.P, B.B.-G., AL, E.A.,, M.C,, and
R.T.; supervision, O.A.O. and R.T.; project administration, O.A.O., L.G.P, B.B.-G., Al, M.C,, C.-D.G,,
and M.M.M,; funding acquisition, R.T. All authors have read and agreed to the published version of
the manuscript.



J. Clin. Med. 2024, 13, 503 21 of 24

Funding: Publication of this paper was supported by the University of Medicine and Pharmacy Carol
Davila, through the institutional program Publish not Perish.

Institutional Review Board Statement: The study did not require ethical approval.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: This review summarizes data reported in the literature, and it does not
report primary data.

Acknowledgments: We thank Madalina Chivu for her contribution to our manuscript with Figure 3
and Carmen Mitrache for providing Figures 1 and 4.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Khunger, N.; Molpariya, A.; Khunger, A. Complications of Tattoos and Tattoo Removal: Stop and Think Before you ink. J. Cutan.
Aesthet. Surg. 2015, 8, 30-36. [CrossRef] [PubMed]

2. vander Bent, 5S.A.S.; Rauwerdink, D.; Oyen, EM.M.; Maijer, K.I.; Rustemeyer, T.; Wolkerstorfer, A. Complications of tattoos and
permanent makeup: Overview and analysis of 308 cases. ]. Cosmet. Dermatol. 2021, 20, 3630-3641. [CrossRef]

3. Huisman, S.; van der Bent, S.A.S.; Maijer, K.I; Tio, D.C.; Rustemeyer, T. Cutaneous non-allergic complications in tattoos: An
overview of the literature. Presse Med. 2020, 49, 104049. [CrossRef]

4.  Kiristensen, L. The technique and craftsmanship of tattooing in the professional tattoo parlour. Curr. Probl. Dermatol. 2015,
48, 31-36. [CrossRef] [PubMed]

5. Kluger, N. Cutaneous Complications Related to Tattoos: 31 Cases from Finland. Dermatology 2017, 233, 100-109. [CrossRef]

6. Serup, J.; Sepehri, M.; Hutton Carlsen, K. Classification of Tattoo Complications in a Hospital Material of 493 Adverse Events.
Dermatology 2016, 232, 668-678. [CrossRef] [PubMed]

7. Kluger, N. Cutaneous complications related to permanent decorative tattooing. Expert Rev. Clin. Immunol. 2010, 6, 363-371.
[CrossRef] [PubMed]

8. Serup, J.; Hutton Carlsen, K.; Dommershausen, N.; Sepehri, M.; Hesse, B.; Seim, C.; Luch, A.; Schreiver, I. Identification of
pigments related to allergic tattoo reactions in 104 human skin biopsies. Contact Dermat. 2020, 82, 73-82. [CrossRef]

9.  Becker, S.J.; Cassisi, J.E. Applications of Medical Tattooing: A Systematic Review of Patient Satisfaction Outcomes and Emerging
Trends. Aesthet. Surg. |. Open Forum 2021, 3, 0jab015. [CrossRef]

10. Weif3, K.T.; Schreiver, I; Siewert, K.; Luch, A.; Haslbock, B.; Berneburg, M.; Baumler, W. Tattoos—More than just colored skin?
Searching for tattoo allergens. J. Dtsch. Dermatol. Ges. 2021, 19, 657-669. [CrossRef]

11. Islam, PS.; Chang, C.; Selmi, C.; Generali, E.; Huntley, A.; Teuber, S.S.; Gershwin, M.E. Medical Complications of Tattoos: A
Comprehensive Review. Clin. Rev. Allergy Immunol. 2016, 50, 273-286. [CrossRef]

12.  Centers for Disease Control and Prevention. Methicillin-resistant Staphylococcus aureus skin infections among tattoo recipients.
MMWR Morb. Mortal. Wkly. Rep. 2006, 55, 677-679.

13. van der Bent, S.A.; Wolkerstorfer, A.; Rustemeyer, T. Cutaneous Adverse Reactions to Tattoos. Ned. Tijdschr. Geneeskd. 2016,
160, A9808. [PubMed]

14. Simunovic, C.; Shinohara, M.M. Complications of decorative tattoos: Recognition and management. Am. J. Clin. Dermatol. 2014,
15, 525-536. [CrossRef] [PubMed]

15. Kennedy, B.S.; Bedard, B.; Younge, M.; Tuttle, D.; Ammerman, E.; Ricci, ].; Doniger, A.S.; Escuyer, V.E.; Mitchell, K.; Noble-Wang,
J.A.; et al. Outbreak of Mycobacterium chelonae infection associated with tattoo ink. N. Engl. ]. Med. 2012, 367, 1020-1024.
[CrossRef] [PubMed]

16. Oyen, EM.M.,; Maijer, K.I; van der Bent, S.A.S.; Prins, ].M.; Janssen, S.; Kuipers, S.; De Vries, H.J.C. Spontaneous resolution of
multidrug-resistant Mycobacterium abscessus infection in tattoo. J. Eur. Acad. Dermatol. Venereol. 2021, 35, e328-e330. [CrossRef]

17. Kazandjieva, J.; Tsankov, N. Tattoos: Dermatological complications. Clin. Dermatol. 2007, 25, 375-382. [CrossRef]

18. Lee-Wong, M.; Karagic, M.; Silverberg, N. Anaphylactic reaction to permanent tattoo ink. Ann. Allergy Asthma Immunol. 2009,
103, 88-89. [CrossRef]

19. Ciobotaru, O.R.; Stoleriu, G.; Ciobotaru, O.C.; Grigorovici, A.; Voinescu, D.C.; Matei, M.N.; Cobzaru, R.G.; Manolache, N.; Lupu,
M.N. Postanesthetic skin erythema due to succinylcholine versus atracurium. Exp. Ther. Med. 2020, 20, 2368-2372. [CrossRef]

20. Kaatz, M.; Elsner, P.; Bauer, A. Body-modifying concepts and dermatologic problems: Tattooing and piercing. Clin. Dermatol.
2008, 26, 35-44. [CrossRef]

21. Ashinoff, R,; Levine, V.J.; Soter, N.A. Allergic reactions to tattoo pigment after laser treatment. Dermatol. Surg. 1995, 21, 291-294.
[CrossRef]

22. Biro, L.; Klein, W.P. Unusual complications of mercurial (cinnabar) tattoo. Generalized eczematous eruption following laceration
of a tattoo. Arch. Dermatol. 1967, 96, 165-167. [CrossRef]

23. Bose, R,; Sibley, C.; Fahim, S. Granulomatous and systemic inflammatory reactions from tattoo ink: Case report and concise

review. SAGE Open Med. Case Rep. 2020, 8, 2050313X20936036. [CrossRef]


https://doi.org/10.4103/0974-2077.155072
https://www.ncbi.nlm.nih.gov/pubmed/25949020
https://doi.org/10.1111/jocd.14498
https://doi.org/10.1016/j.lpm.2020.104049
https://doi.org/10.1159/000369176
https://www.ncbi.nlm.nih.gov/pubmed/25833621
https://doi.org/10.1159/000468536
https://doi.org/10.1159/000452148
https://www.ncbi.nlm.nih.gov/pubmed/27974717
https://doi.org/10.1586/eci.10.10
https://www.ncbi.nlm.nih.gov/pubmed/20441423
https://doi.org/10.1111/cod.13423
https://doi.org/10.1093/asjof/ojab015
https://doi.org/10.1111/ddg.14436
https://doi.org/10.1007/s12016-016-8532-0
https://www.ncbi.nlm.nih.gov/pubmed/27229691
https://doi.org/10.1007/s40257-014-0100-x
https://www.ncbi.nlm.nih.gov/pubmed/25385257
https://doi.org/10.1056/NEJMoa1205114
https://www.ncbi.nlm.nih.gov/pubmed/22913660
https://doi.org/10.1111/jdv.17072
https://doi.org/10.1016/j.clindermatol.2007.05.012
https://doi.org/10.1016/S1081-1206(10)60155-X
https://doi.org/10.3892/etm.2020.8792
https://doi.org/10.1016/j.clindermatol.2007.10.004
https://doi.org/10.1111/j.1524-4725.1995.tb00175.x
https://doi.org/10.1001/archderm.1967.01610020057017
https://doi.org/10.1177/2050313X20936036

J. Clin. Med. 2024, 13, 503 22 of 24

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.
40.
41.
42.
43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

Huisman, S.; van der Bent, S.A.S.; Wolkerstorfer, A.; Rustemeyer, T. Granulomatous tattoo reactions in permanent makeup of the
eyebrows. J. Cosmet. Dermatol. 2019, 18, 212-214. [CrossRef]

van der Bent, S.A.S.; Engel, M.].C.; Nossent, E.].; Jonkers, R.E.; Wolkerstorfer, A.; Rustemeyer, T. Tattoos and self-reported adverse
events in sarcoidosis patients. J. Eur. Acad. Dermatol. Venereol. 2020, 34, €167—€169. [CrossRef]

de Cuyper, C.; Lodewick, E.; Schreiver, I.; Hesse, B.; Seim, C.; Castillo-Michel, H.; Laux, P.; Luch, A. Are metals involved in
tattoo-related hypersensitivity reactions? A case report. Contact Dermat. 2017, 77, 397-405. [CrossRef]

Mahalingam, M.; Kim, E.; Bhawan, J. Morphea-like tattoo reaction. Am. J. Dermatopathol. 2002, 24, 392-395. [CrossRef]

Balfour, E.; Olhoffer, I.; Leffell, D.; Handerson, T. Massive pseudoepitheliomatous hyperplasia: An unusual reaction to a tattoo.
Am. ]. Dermatopathol. 2003, 25, 338-340. [CrossRef]

Gonzalez-Villanueva, I.; Silvestre Salvador, J.F. Diagnostic Tools to Use When We Suspect an Allergic Reaction to a Tattoo: A
Proposal Based on Cases at Our Hospital. Actas Dermosifiliogr. 2018, 109, 162-172. [CrossRef]

Torre-Castro, J.; Najera, L.; Sudrez, D.; Garcia-Fresnadillo, D.; Freites-Martinez, A.; Briz, A.S.; Rodriguez Peralto, ].L.; Requena, L.
Histopathology of Dermatologic Complications of Tattoos. Am. J. Dermatopathol. 2022, 44, 632—-649. [CrossRef] [PubMed]
Kluger, N.; Vermeulen, C.; Moguelet, P.; Cotten, H.; Koeb, M.H.; Balme, B.; Fusade, T. Cutaneous lymphoid hyperplasia
(pseudolymphoma) in tattoos: A case series of seven patients. J. Eur. Acad. Dermatol. Venereol. 2010, 24, 208-213. [CrossRef]
Sowden, ].M.; Cartwright, PH.; Smith, A.G.; Hiley, C.; Slater, D.N. Sarcoidosis presenting with a granulomatous reaction confined
to red tattoos. Clin. Exp. Dermatol. 1992, 17, 446-448. [CrossRef]

Kluger, N.; Aractingi, S. Sarcoidosis in tattoos in chronic hepatitis virus C. Presse Med. 2006, 35 Pt 1, 1668-1669. [CrossRef]
Kluger, N. Sarcoidosis on tattoos: A review of the literature from 1939 to 2011. Sarcoidosis Vasc. Diffus. Lung Dis. 2013, 30, 86-102.
Kluger, N. Tattoo reactions associated with targeted therapies and immune checkpoint inhibitors for advanced cancers: A brief
review. Dermatology 2019, 235, 522-524. [CrossRef]

Ho, S.G.; Goh, C.L. Laser tattoo removal: A clinical update. J. Cutan. Aesthet. Surg. 2015, 8, 9-15. [CrossRef]

Kluger, N. Tattooing and psoriasis: Demographics, motivations and attitudes, complications, and impact on body image in a
series of 90 Finnish patients. Acta Dermatovenerol. Alp. Pannonica Adriat. 2017, 26, 29-32. [CrossRef]

Grodner, C.; Beauchet, A.; Fougerousse, A.C.; Quiles-Tsimaratos, N.; Perrot, ].L.; Barthelemy, H.; Parier, J.; Maccari, F.; Beneton,
N.; Bouilly-Auvray, D.; et al. Tattoo complications in treated and non-treated psoriatic patients. J. Eur. Acad. Dermatol. Venereol.
2020, 34, 888-896. [CrossRef]

Sabio, ].M.; Betolaza, S.; Vargas-Hitos, ].A. Characteristics and safety of tattoos in patients with systemic lupus erythematosus.
Lupus 2019, 28, 1250-1254. [CrossRef] [PubMed]

Horner, K.L.; Chien, A ].; Edenholm, M.; Hornung, R.L. Winnie the Pooh and psoriasis too: An isomorphic response of guttate
psoriasis in a tattoo. Pediatr. Dermatol. 2007, 24, E70-E72. [CrossRef] [PubMed]

Kluger, N.; Debu, A.; Girard, C.; Bessis, D.; Guillot, B. Psoriasis in a tattoo. Presse Med. 2009, 38, 338-339. [CrossRef]

Jolly, M. Discoid lupus erythematosus after tattoo: Koebner phenomenon. Arthritis Rheum. 2005, 53, 627. [CrossRef]

La Placa, M.; Passarini, B. Subacute cutaneous lupus erythematosus after a tattoo. Clin. Exp. Dermatol. 2009, 34, 632-633.
[CrossRef]

Dang, M.; Hsu, S.; Bernstein, E. Lichen planus or lichenoid tattoo reaction? Int. J. Dermatol. 1998, 37, 860-861. [CrossRef]

Klugl, I; Hiller, K.A.; Landthaler, M.; Biumler, W. Incidence of health problems associated with tattooed skin: A nation-wide
survey in German-speaking countries. Dermatology 2010, 221, 43-50. [CrossRef]

Wenzel, S.M.; Rittmann, I.; Landthaler, M.; Baumler, W. Adverse reactions after tattooing: Review of the literature and comparison
to results of a survey. Dermatology 2013, 226, 138-147. [CrossRef]

Kluger, N. Systemic diseases and infections, anecdotal complications and oddities associated with tattooing. Presse Med. 2020, 49,
104055. [CrossRef]

Hegsberg, T.; Saunte, D.M.; Frimodt-Meller, N.; Serup, J. Microbial status and product labelling of 58 original tattoo inks. J. Eur.
Acad. Dermatol. Venereol. 2013, 27, 73-80. [CrossRef] [PubMed]

Beerman, H.; Lane, R.A. Tattoo; a survey of some of the literature concerning the medical complications of tattooing. Am. . Med.
Sci. 1954, 227, 444-464. [CrossRef]

Goldstein, N. Complications from tattoos. J. Dermatol. Surg. Oncol. 1979, 5, 869-878. [CrossRef]

Jacob, C.I. Tattoo-associated dermatoses: A case report and review of the literature. Dermatol. Surg. 2002, 28, 962-965. [CrossRef]
Long, G.E.; Rickman, L.S. Infectious complications of tattoos. Clin. Infect. Dis. 1994, 18, 610-619. [CrossRef]

Pentescu, A.; Orzan, M.C.; Stefanescu, C.D.; Orzan, O.A. Modelling Patient Satisfaction in Healthcare. J. Econ. Comput. Econ.
Cybern. Stud. Res. 2014, 48, 153-166.

Porter, C.J.; Simcock, ].W.; MacKinnon, C.A. Necrotising fasciitis and cellulitis after traditional Samoan tattooing: Case reports. J.
Infect. 2005, 50, 149-152. [CrossRef]

Laux, P,; Tralau, T.; Tentschert, J.; Blume, A.; Dahouk, S.A.; Baumler, W.; Bernstein, E.; Bocca, B.; Alimonti, A.; Colebrook, H.; et al.
A medical-toxicological view of tattooing. Lancet 2016, 387, 395-402. [CrossRef]

Kluger, N. Acute complications of tattooing presenting in the ED. Am. J. Emerg. Med. 2012, 30, 2055-2063. [CrossRef]

Cohen, PR. Community-acquired methicillin-resistant Staphylococcus aureus skin infections: Implications for patients and
practitioners. Am. J. Clin. Dermatol. 2007, 8, 259-270. [CrossRef]


https://doi.org/10.1111/jocd.12540
https://doi.org/10.1111/jdv.16115
https://doi.org/10.1111/cod.12862
https://doi.org/10.1097/00000372-200210000-00002
https://doi.org/10.1097/00000372-200308000-00010
https://doi.org/10.1016/j.ad.2017.10.006
https://doi.org/10.1097/DAD.0000000000002183
https://www.ncbi.nlm.nih.gov/pubmed/35503881
https://doi.org/10.1111/j.1468-3083.2009.03305.x
https://doi.org/10.1111/j.1365-2230.1992.tb00257.x
https://doi.org/10.1016/S0755-4982(06)74877-1
https://doi.org/10.1159/000501590
https://doi.org/10.4103/0974-2077.155066
https://doi.org/10.15570/actaapa.2017.9
https://doi.org/10.1111/jdv.15975
https://doi.org/10.1177/0961203319867395
https://www.ncbi.nlm.nih.gov/pubmed/31382852
https://doi.org/10.1111/j.1525-1470.2007.00445.x
https://www.ncbi.nlm.nih.gov/pubmed/17958785
https://doi.org/10.1016/j.lpm.2008.10.006
https://doi.org/10.1002/art.21334
https://doi.org/10.1111/j.1365-2230.2008.03040.x
https://doi.org/10.1046/j.1365-4362.1998.00593.x
https://doi.org/10.1159/000292627
https://doi.org/10.1159/000346943
https://doi.org/10.1016/j.lpm.2020.104055
https://doi.org/10.1111/j.1468-3083.2011.04359.x
https://www.ncbi.nlm.nih.gov/pubmed/22145628
https://doi.org/10.1097/00000441-195404000-00012
https://doi.org/10.1111/j.1524-4725.1979.tb00770.x
https://doi.org/10.1097/00042728-200210000-00015
https://doi.org/10.1093/clinids/18.4.610
https://doi.org/10.1016/j.jinf.2003.10.018
https://doi.org/10.1016/S0140-6736(15)60215-X
https://doi.org/10.1016/j.ajem.2012.06.014
https://doi.org/10.2165/00128071-200708050-00001

J. Clin. Med. 2024, 13, 503 23 of 24

58.

59.

60.

61.
62.
63.
64.
65.
66.
67.

68.
69.

70.

71.

72.
73.
74.
75.
76.
77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

Wong, HW.; Tay, YK,; Sim, C.S. Papular eruption on a tattoo: A case of primary inoculation tuberculosis. Australas. |. Dermatol.
2005, 46, 84-87. [CrossRef] [PubMed]

Horney, D.A.; Gaither, ].M.; Lauer, R.; Norins, A.L.; Mathur, P.N. Cutaneous inoculation tuberculosis secondary to ‘jailhouse
tattooing’. Arch. Dermatol. 1985, 121, 648-650. [CrossRef] [PubMed]

Conaglen, P.D.; Laurenson, L.F,; Sergeant, A.; Thorn, S.N.; Rayner, A.; Stevenson, J. Systematic review of tattoo-associated skin
infection with rapidly growing mycobacteria and public health investigation of a cluster in Scotland, 2010. Eurosurveillance 2013,
18, 20553. [CrossRef] [PubMed]

Velez, L.; Harb, J.; Anuszewski, S.; Wesson, S. Mycobacterium massiliense infection from tattooing: A common yet under-reported
and persistent epidemic hazard for dermatologists. BM] Case Rep. 2018, 2018, bcr2017222762. [CrossRef]

Ghorpade, A. Inoculation (tattoo) leprosy: A report of 31 cases. |. Eur. Acad. Dermatol. Venereol. 2002, 16, 494—499. [CrossRef]
Charifa, A.; Mangat, R.; Oakley, A.M. Cutaneous Tuberculosis. In StatPearls; StatPearls Publishing: St. Petersburg, FL, USA, 2023.
Lobo, Y.; Lun, K. Tattoo-Associated Cutaneous Mycobacterium mageritense Infection: A Case Report and Brief Review of the
Literature. Case Rep. Dermatol. 2021, 13, 513-520. [CrossRef]

World Health Organization. WHO Model Prescribing Information: Drugs Used in Leprosy. 1998. Available online: http:
/ /apps.who.int/medicinedocs/en/d/Jh2988e/5.html (accessed on 8 January 2024).

Wolf, R.; Wolf, D. A tattooed butterfly as a vector of atypical Mycobacteria. J. Am. Acad. Dermatol. 2003, 48 (Suppl. 5), S73-574.
[CrossRef]

Kluger, N.; Muller, C.; Gral, N. Atypical mycobacteria infection following tattooing: Review of an outbreak in 8 patients in a
French tattoo parlor. Arch. Dermatol. 2008, 144, 941-942. [CrossRef]

Preda, V.A.; Maley, M; Sullivan, J.R. Mycobacterium chelonae infection in a tattoo site. Med. J. Aust. 2009, 190, 278-279. [CrossRef]
Drage, L.A.; Ecker, PM.; Orenstein, R.; Phillips, PK.; Edson, R.S. An outbreak of Mycobacterium chelonae infections in tattoos. J.
Am. Acad. Dermatol. 2010, 62, 501-506. [CrossRef]

Kluger, N. Viral warts and seborrhoeic keratoses on tattoos: A review of nine cases. J. Eur. Acad. Dermatol. Venereol. 2017,
31, e340-e342. [CrossRef]

Saez, M.; Rodriguez-Martin, M.; Sidro-Sarto, M.; Cabrera de Paz, R.; Rodriguez-Garcia, F.; Fagundo-Gonzalez, E.; Carnerero,
A.; Guimers, F.; Garcia-Bustinduy, M.; Sanchez, R.; et al. Multiple verrucae vulgaris in a young woman’s tattoo. J. Eur. Acad.
Dermatol. Venereol. 2006, 20, 356-357. [CrossRef]

Kluger, N.; Comte, C.; Guillot, B. Molluscum contagiosum sur tatouage [Molluscum contagiosum on a tattoo]. Ann. Dermatol.
Venereol. 2007, 134 Pt 1, 506-507. (In French) [CrossRef]

Schwob, E.; Kluger, N. Tinea corporis within recent tattoos. Ann. Dermatol. Venereol. 2020, 147, 637-642. (In French) [CrossRef]
Kluger, N.; Saarinen, K. Aspergillus fumigatus infection on a home-made tattoo. Br. |. Dermatol. 2014, 170, 1373-1375. [CrossRef]
Sterling, J.C.; Gibbs, S.; Haque Hussain, S.S.; Mohd Mustapa, M.E; Handfield-Jones, S.E. British Association of Dermatologists’
guidelines for the management of cutaneous warts. Br. |. Dermatol. 2014, 171, 696-712. [CrossRef]

Kwok, C.S.; Gibbs, S.; Bennett, C.; Holland, R.; Abbott, R. Topical treatments for cutaneous warts. Cochrane Database Syst. Rev.
2012, 2012, CD001781. [CrossRef]

Brown, J.; Janniger, C.K.; Schwartz, R.A.; Silverberg, N.B. Childhood molluscum contagiosum. Int. J. Dermatol. 2006, 45, 93-99.
[CrossRef]

Hanna, D.; Hatami, A.; Powell, J.; Marcoux, D.; Maari, C.; Savard, P.; Thibeault, H.; McCuaig, C. A prospective randomized
trial comparing the efficacy and adverse effects of four recognized treatments of molluscum contagiosum in children. Pediatr.
Dermatol. 2006, 23, 574-579. [CrossRef]

Coloe, J.; Morrell, D.S. Cantharidin use among pediatric dermatologists in the treatment of molluscum contagiosum. Pediatr.
Dermatol. 2009, 26, 405-408. [CrossRef]

Markle, W.H.; Makhoul, K. Cutaneous leishmaniasis: Recognition and treatment. Am. Fam. Physician 2004, 69, 1455-1460.
Arican, O. Topical treatment of molluscum contagiosum with imiquimod 5% cream in Turkish children. Pediatr. Int. 2006,
48,403-405. [CrossRef]

Short, K.A.; Fuller, L.C.; Higgins, E.M. Double-blind, randomized, placebo-controlled trial of the use of topical 10% potassium
hydroxide solution in the treatment of molluscum contagiosum. Pediatr. Dermatol. 2006, 23, 279-281. [CrossRef]

Giner-Soriano, M.; Teixid6, C.; Marsal, ].R.; Diez, O.; Pera, H.; Vlacho, B.; Morros, R. Randomized placebo-controlled clinical trial
on efficacy and safety of topical 10% Potassium hydroxide for molluscum contagiosumtreatment in children. J. Dermatol. Treat.
2019, 30, 750-756. [CrossRef]

Scheinfeld, N. Treatment of molluscum contagiosum: A brief review and discussion of a case successfully treated with adapelene.
Dermatol. Online J. 2007, 13, 15. [CrossRef]

Lin, H.Y;; Linn, G.; Liu, C.B.; Chen, C.J.; Yu, K.J. An immunocompromised woman with severe molluscum contagiosum that
responded well to topical imiquimod: A case report and literature review. J. Low. Genit. Tract. Dis. 2010, 14, 134-135. [CrossRef]
Pezeshkpoor, F.; Banihashemi, M.; Yazdanpanah, M.].; Yousefzadeh, H.; Sharghi, M.; Hoseinzadeh, H. Comparative study of
topical 80% trichloroacetic acid with 35% trichloroacetic acid in the treatment of the common wart. |. Drugs Dermatol. 2012,
11, e66—€69.

Abdel Meguid, A.M.; Abdel Motaleb, A.A.; Abdel Sadek, A.M.L. Cryotherapy vs trichloroacetic acid 90% in treatment of common
warts. J. Cosmet. Dermatol. 2019, 18, 608-613. [CrossRef]


https://doi.org/10.1111/j.1440-0960.2005.00147.x
https://www.ncbi.nlm.nih.gov/pubmed/15842399
https://doi.org/10.1001/archderm.1985.01660050100024
https://www.ncbi.nlm.nih.gov/pubmed/3994412
https://doi.org/10.2807/1560-7917.ES2013.18.32.20553
https://www.ncbi.nlm.nih.gov/pubmed/23968828
https://doi.org/10.1136/bcr-2017-222762
https://doi.org/10.1046/j.1468-3083.2002.00548.x
https://doi.org/10.1159/000520255
http://apps.who.int/medicinedocs/en/d/Jh2988e/5.html
http://apps.who.int/medicinedocs/en/d/Jh2988e/5.html
https://doi.org/10.1067/mjd.2003.166
https://doi.org/10.1001/archderm.144.7.941
https://doi.org/10.5694/j.1326-5377.2009.tb02396.x
https://doi.org/10.1016/j.jaad.2009.03.034
https://doi.org/10.1111/jdv.14134
https://doi.org/10.1111/j.1468-3083.2006.01438.x
https://doi.org/10.1016/S0151-9638(07)89231-3
https://doi.org/10.1016/j.annder.2020.04.019
https://doi.org/10.1111/bjd.12859
https://doi.org/10.1111/bjd.13310
https://doi.org/10.1002/14651858.CD001781.pub3
https://doi.org/10.1111/j.1365-4632.2006.02737.x
https://doi.org/10.1111/j.1525-1470.2006.00313.x
https://doi.org/10.1111/j.1525-1470.2008.00860.x
https://doi.org/10.1111/j.1442-200X.2006.02229.x
https://doi.org/10.1111/j.1525-1470.2006.00235.x
https://doi.org/10.1080/09546634.2019.1573305
https://doi.org/10.5070/D387V1Z7HT
https://doi.org/10.1097/LGT.0b013e3181bf1a50
https://doi.org/10.1111/jocd.12805

J. Clin. Med. 2024, 13, 503 24 of 24

88.

89.

90.

91.

92.

93.
94.

95.

96.

97.

98.

99.

100.
101.
102.
103.
104.
105.
106.
107.
108.

109.

110.

Robson, K.J.; Cunningham, N.M.; Kruzan, K.L.; Patel, D.S.; Kreiter, C.D.; O’'Donnell, M.].; Arpey, C.J. ulsed-dye laser versus
conventional therapy in the treatment of warts: A prospective randomized trial. J. Am. Acad. Dermatol. 2000, 43 Pt 1, 275-280.
[CrossRef]

Park, H.S.; Choi, W.S. Pulsed dye laser treatment for viral warts: A study of 120 patients. ]. Dermatol. 2008, 35, 491-498. [CrossRef]
Johnson, S.M.; Roberson, PXK.; Horn, T.D. Intralesional injection of mumps or Candida skin test antigens: A novel immunotherapy
for warts. Arch. Dermatol. 2001, 137, 451-455.

Clifton, M.M.; Johnson, S.M.; Roberson, P.K; Kincannon, J.; Horn, T.D. Immunotherapy for recalcitrant warts in children using
intralesional mumps or Candida antigens. Pediatr. Dermatol. 2003, 20, 268-271. [CrossRef]

Brajac, I.; Loncarek, K.; Stojni¢-Sosa, L.; Gruber, F. Delayed onset of warts over tattoo mark provoked by sunburn. J. Eur. Acad.
Dermatol. Venereol. 2005, 19, 247-248. [CrossRef]

Kluger, N.; Koljonen, V. Tattoos, inks, and cancer. Lancet Oncol. 2012, 13, e161-e168. [CrossRef]

Kluger, N.; Cotten, H.; Magana, C.; Pinquier, L. Dermatofibroma occurring within a tattoo: Report of two cases. J. Cutan. Pathol.
2008, 35, 696—698. [CrossRef]

Orzan, O.A.; Dorobantu, A.M.; Gurau, C.D.; Ali, S.; Mihai, M.M.; Popa, L.G.; Giurcaneanu, C.; Tudose, I.; Balaceanu, B.
Challenging Patterns of Atypical Dermatofibromas and Promising Diagnostic Tools for Differential Diagnosis of Malignant
Lesions. Diagnostics 2023, 13, 671. [CrossRef]

Morte, P.D.; Magee, L.M. Hyperalgesia after volar wrist tattoo: A case of complex regional pain syndrome? J. Clin. Neuromuscul.
Dis. 2011, 12, 118-121. [CrossRef]

Tope, W.D.; Shellock, F.G. Magnetic resonance imaging and permanent cosmetics (tattoos): Survey of complications and adverse
events. J. Magn. Reson. Imaging 2002, 15, 180-184. [CrossRef]

Balaceanu, A. B-type natriuretic peptides in pregnant women with normal heart or cardiac disorders. Med. Hypotheses 2018,
121, 149-151. [CrossRef]

Hutton Carlsen, K.; Serup, J. Photosensitivity and photodynamic events in black, red and blue tattoos are common: A ‘Beach
Study’. |. Eur. Acad. Dermatol. Venereol. 2014, 28, 231-237. [CrossRef]

Tsang, M.; Marsch, A.; Bassett, K.; High, W.; Fitzpatrick, J.; Prok, L. A visible response to an invisible tattoo. J. Cutan. Pathol. 2012,
39, 877-880. [CrossRef]

Ortiz, A.E.; Avram, M.M. Redistribution of ink after laser tattoo removal. Dermatol. Surg. 2012, 38, 1730-1731. [CrossRef]

De Cuyper, C. Permanent makeup: Indications and complications. Clin. Dermatol. 2008, 26, 30-34. [CrossRef]

Kluger, N. Blurry halos around tattoos: A new case of “tattoo blow-out”. Int. ]. Dermatol. 2014, 53, e44—e46. [CrossRef]

Kluger, N.; Bosonnet, S. Keloid occurring in a tattoo. Ann. Dermatol. Venereol. 2017, 144, 455. [CrossRef]

Popa, L.G.; Giurcaneanu, C.; Mihai, M.M.; Beiu, C.; Orzan, O.A.; Negoita, S.; Burcea, M.; Turlea, R.I.; Enachescu, C.I. The use of
cadaveric skin allografts in the management of extensive wounds. Rom. J. Leg. Med. 2021, 29, 37—44. [CrossRef]

Lupu, M.; Voiculescu, V.M.; Vajaitu, C.; Orzan, O.A. In vivo reflectance confocal microscopy for the diagnosis of scabies. BM] Case
Rep. 2021, 14, €240507. [CrossRef]

Reilly, C.; Chuchvara, N.; Cucalon, J.; Srivastava, R.; Rao, B.K. Reflectance confocal microscopy evaluation of pigmented lesions
on tattooed skin. Lasers Med. Sci. 2021, 36, 1077-1084. [CrossRef]

Wang, YK.; Gao, YJ.; Liu, J.; Zhu, Q.L.; Wang, J.C; Qin, J.; Jin, H.Z. A comparative study of melanocytic nevi classification with
dermoscopy and high-frequency ultrasound. Skin Res. Technol. 2022, 28, 265-273. [CrossRef]

Beiu, C.; Popa, L.G.; Balaceanu-Gurau, B.; Iliescu, C.A.; Racovita, A.; Popescu, M.N.; Mihai, M.M. Personalization of Minimally-
Invasive Aesthetic Procedures with the Use of Ultrasound Compared to Alternative Imaging Modalities. Diagnostics 2023,
13,3512. [CrossRef]

Roggenkamp, H.; Nicholls, A.; Pierre, ].M. attoos as a window to the psyche: How talking about skin art can inform psychiatric
practice. World J. Psychiatry 2017, 7, 148-158. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1067/mjd.2000.106365
https://doi.org/10.1111/j.1346-8138.2008.00509.x
https://doi.org/10.1046/j.1525-1470.2003.20318.x
https://doi.org/10.1111/j.1468-3083.2004.01121.x
https://doi.org/10.1016/S1470-2045(11)70340-0
https://doi.org/10.1111/j.1600-0560.2007.00882.x
https://doi.org/10.3390/diagnostics13040671
https://doi.org/10.1097/CND.0b013e3181dd344c
https://doi.org/10.1002/jmri.10049
https://doi.org/10.1016/j.mehy.2018.09.034
https://doi.org/10.1111/jdv.12093
https://doi.org/10.1111/j.1600-0560.2012.01961.x
https://doi.org/10.1111/j.1524-4725.2012.02560.x
https://doi.org/10.1016/j.clindermatol.2007.10.009
https://doi.org/10.1111/j.1365-4632.2012.05724.x
https://doi.org/10.1016/j.annder.2017.01.019
https://doi.org/10.4323/rjlm.2021.37
https://doi.org/10.1136/bcr-2020-240507
https://doi.org/10.1007/s10103-020-03154-4
https://doi.org/10.1111/srt.13123
https://doi.org/10.3390/diagnostics13233512
https://doi.org/10.5498/wjp.v7.i3.148

	Introduction 
	Tattoo Trends and Practices 
	Cutaneous Adverse Reactions 
	Inflammatory Tattoo-Related Side Effects 
	Allergic Reactions 
	Autoimmune Dermatoses and Autoinflammatory Afflictions 

	Infectious Tattoo-Related Side Effects 
	Bacterial Infections 
	Mycobacterial Infections 
	Viral Infections 
	Fungal Infections 
	Parasitic Infections 

	Neoplasms 
	Miscellaneous Complications 
	Neuro-Sensory Complications 
	Skin Side Effects following Magnetic Resonance Imaging 
	Photo-Induced Cutaneous Complications 

	Cosmetic Issues 

	Diagnostic Implications 
	Tattooing as a Matter of Global Health 
	Conclusions 
	References

