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Abstract
Tattoos have become increasingly popular worldwide making adverse effects from tattoos a 
growing concern. In our report, we present a 51-year-old man who developed an unusual al-
lergic reaction to the red ink portions of his tattoos that coincided with the initiation of ledi-
pasvir/sofosbuvir treatment for his hepatitis C. Clinical and histological features were consis-
tent with a delayed-type hypersensitivity reaction to red ink.
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Introduction

Tattoos have become increasingly commonplace making complications from tattoos a 
growing concern for dermatologists. While relatively rare, delayed-type hypersensitivity 
reactions to red tattoo ink have been previously reported [1–3] and tend to have a variable 
onset ranging from weeks to months after the tattoo has been done [1], with later occurrences 
after years being less common. We describe an unusual reaction to red tattoo ink after initi-
ation of direct-acting antiviral treatment for hepatitis C (HCV).
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Case Report

A 51-year-old man presented to the dermatology outpatient clinic with a 4-month history 
of itchy bumps on the back of his hand that emerged 1 week after the initiation of ledipasvir/
sofosbuvir (Harvoni®) for HCV. The lesions were strictly confined to the red areas of a poly-
chromatic tattoo obtained 18 months earlier. Unfortunately, the composition of the tattoo ink 
was unknown. The patient had received tattoos in the past without complications. Five 
months after initiating antiviral treatment, a viral load showed no evidence of active HCV 
infection. The patient was not taking any other prescription of over-the-counter medications.

On examination, the patient had 3 dome-shaped, hyperkeratotic, erythematous nodules 
confined to the red portions of his tattoo on the dorsum of his right hand (Fig. 1a). Other 
anatomical locations with even older tattoos showed proliferative raised portions within the 
margins of the red ink as well (Fig. 1b). A punch biopsy of one of the nodules on the dorsum 
of the hand demonstrated a well-differentiated squamous proliferative lesion with abundant 
glassy cytoplasm and mild cytologic atypia, which may represent reactive atypia, but a well-
differentiated squamous cell carcinoma could not be completely excluded. A second punch 
biopsy of an inflamed tattoo on the upper arm showed scattered tattoo pigment in the super-
ficial dermis surrounded by prominent lymphocytic inflammation, in keeping with a delayed-
type hypersensitivity reaction to red tattoo ink (Fig. 2a, b).

The patient was referred to plastic surgery for consideration of a wide excision of the 
nodules and resurfacing of the dorsal hand with a skin graft. At this time, an incisional biopsy 
was taken to obtain a more representative sample to resolve the differential diagnoses 
between delayed-type hypersensitivity reaction and squamous cell carcinoma. Histopa-
thology showed markedly proliferative squamous epithelium, involving adnexal structures 
including hair follicles and eccrine ducts (Fig. 3a, b). There was associated lichenoid interface 
lymphocyte-predominant inflammation with admixed plasma cells, histocytes, and rare 
eosinophils. Civatte bodies and lymphocytic exocytosis to the basal layers were also seen. 
There was no definitive evidence of squamous dysplasia or invasive carcinoma. Among the 
dermal inflammation, there were scattered fine granular red pigment material and also 
chunky coarse granular brown/black pigment material.

Initial treatment with clobetasol 0.05% ointment under occlusion produced mild 
improvement after 7 months. The remaining nodules on the hand were managed with serial 
excisions; histologic features were similar to that of the previous excision and biopsy spec-
imens at the same anatomical location.

Discussion

Delayed-type hypersensitivity reactions generally occur 48–72 h after exposure to the 
allergen. It involves the activation of sensitized T lymphocytes when stimulated by contact 
with an antigen. Historically, most hypersensitivity reactions were related to mercury-
derived pigments (i.e., cinnabar); however, reactions to red ink have persisted despite 
replacement with alternative red pigments such a cadmium red, sienna, and organic substances 
such as azo, sandalwood, and brazilwood [1, 4]. Efforts to identify the specific allergen in 
modern red tattoo ink have been relatively unfruitful. Allergy patch testing of patients with 
red tattoo reactions using common allergens, textile/dyes, tattoo ink stock products, and 
culprit pigments has generally yielded negative or inconsistent results, calling into question 
the utility of patch testing in diagnosing delayed hypersensitivity reactions triggered by 
antigens that are deposited directly into the dermis [5, 6]. It has therefore been suggested that 
metabolism or haptenization with host proteins within the dermis over weeks to years is 
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needed in order to trigger an allergic reaction [4, 5]. Further, external factors, such as sunlight 
exposure, can induce photochemical cleavage of tattoo pigments in the skin and may also play 
a role in allergen formation [5].

Immune reconstitution has been proposed as a possible explanation for the temporal 
association between antiviral treatment and cutaneous reactions. Recently, Heppt and 
Sticherling described 2 patients that developed plaque-type-psoriasis after initiating ledi-
pasvir/sofosbuvir for HCV and reasoned that this might have constituted an immune resto-
ration phenomenon [7]. Specifically, patients with chronic HCV display increased levels of 
FoxP3-positive regulatory T cells [8]. According to the concept of context-dependent immune 
cell plasticity, T cells may express the genes associated with a different helper cell subtype 
with respect to cytokine production and regulatory functions depending on the microenvi-
ronment [9, 10]. Thus, in accordance with this phenomenon of T-cell plasticity [9], Heppt and 
Sticherling [7] proposed that successful treatment of HCV may result in a conversion of 

a b

a b

Fig. 1. Delayed-type hypersensitivity reaction to red tattoo ink. a Hyperkeratotic, erythematous nodules with 
minimal crusting and no erosions confined to the red portions of a tattoo acquired 18 months prior on the 
dorsum of the right hand. b Spiderweb tattoo on the left arm displaying a proliferative raised portion within 
the margins of the red areas of a tattoo acquired 6 years ago.

Fig. 2. Histopathology from 3 mm punch biopsy of inflamed spider tattoo on left upper arm (stained with 
HPS) at ×50 magnification (a) and ×200 magnification (b) shows dense dermal lymphocytic inflammation 
associated with red pigment material. The overlying epidermis and deep dermis appear unremarkable. HPS, 
hematoxylin phloxine saffron.
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FoxP3-positive regulatory T cells into interleukin 17 (IL-17) producing T cells, thereby 
leading to a worsening of psoriatic lesions. This concept of immune cell plasticity may also 
play a role in other inflammatory conditions of the skin exhibiting a T-cell component such 
as allergic reactions [9]. We therefore hypothesize that our patient’s delayed-type hyper-
sensitivity reaction to red tattoo ink may be related to a similar immune reconstitution 
phenomenon.

Similarly, a phenomenon termed immune reconstitution inflammatory syndrome has 
been described in several HIV patients who developed granulomatous tattoo reactions 
following antiretroviral therapy [4, 11]. Gamba et al. [4] noted analogous epidermal hyper-
plasia and dermal changes on histology in their HIV patient with an allergic tattoo reaction at 
baseline, which significantly worsened after antiretroviral therapy initiation. The authors 
also identified epidermal spongiosis; however, this finding was not seen in our case.

Unlike HIV infection, HCV infection is not classically immunosuppressive, making the 
presumed T-cell activation observed in the psoriasis patients [7] and our contact allergy 
patient less obvious. These early reports of activation of T-cell immunity after ledipasvir/
sofosbuvir will hopefully prompt increased clinical awareness toward such phenomena and 
research of the underlying immunopathogenesis.
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Fig. 3. Histopathology from excision of the dorsal right-hand nodule (stained with HPS) shows squamous 
proliferation with intense dermal inflammation at low power (×50 magnification) (a) and inflammatory cells 
and dermal fibrin surrounding red pigment material at high power (×400 magnification) (b). HPS, hema-
toxylin phloxine saffron.
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