SURVEILLANCE AND OUTBREAK REPORTS

Systematic review of tattoo-associated skin infection

with rapidly growing mycobacteria and public health
investigation of a cluster in Scotland, 2010

P D Conaglen (philip.conaglen@nhs.net), | F Laurenson?, A Sergeant3, S N Thorn4, A Rayner3, ] Stevenson*

1. NHS Fife, Department of Public Health, Cameron House, Leven, United Kingdom

2. NHS Lothian, Scottish Mycobacteria Reference Laboratory, Royal Infirmary of Edinburgh, Edinburgh, United Kingdom
3. NHS Lothian, Department of Dermatology, Lauriston Building, Edinburgh, United Kingdom

4. NHS Lothian, Department of Public Health, Waverley Gate, Edinburgh, United Kingdom

Citation style for this article:

Conaglen PD, Laurenson IF, Sergeant A, Thorn SN, 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. Euro Surveill. 2013;18(32):pii=20553. Available online: http://www.eurosurveillance.org/

ViewArticle.aspx?Articleld=20553

Sporadic cases and outbreaks of tattoo-associated
skin infection with rapidly growing mycobacteria
have been reported although they often contain few
details of public health investigations and have not
previously been systematically collated. We pre-
sent the details of the public health investigation
of a cluster of cases, which occurred in Scotland in
2010. Investigation of the cluster involved case find-
ing, environmental investigation of the tattoo studio
and pathological and microbiological investigation of
possible cases and tattoo ink. Mycobacterium chelo-
nae was isolated from one case and three probable
cases were identified. M. chelonae was grown from
an opened bottle of ink sourced from the studio these
cases had attended. In addition, in order to identify all
published cases, we conducted a systematic review
of all reported cases of tattoo-associated skin infec-
tion with rapidly growing mycobacteria. A total of 25
reports were identified, describing 71 confirmed and
71 probable cases. Mycobacteria were isolated in 71
cases and M. chelonae was cultured from 48 of these.
The most frequently postulated cause of infection was
the dilution of black ink with tap water. Reports of
tattoo-associated rapidly growing mycobacterial skin
infection are increasing in frequency. Interested agen-
cies must work with the tattoo industry to reduce the
risk of contamination during tattoo ink manufacture,
distribution and application.

Introduction

Rapidly growing mycobacteria (RGM) are a non-tuber-
culous group of mycobacteria commonly found in the
environment in water, soil and dust [1]. The incidence
of human infection with RGM is poorly described [2]
although an increasing literature of sporadic cases and
outbreaks has established RGM as important oppor-
tunistic human pathogens in both immunocompro-
mised and healthy individuals [3]. RGM can cause a
wide variety of conditions including catheter infections,
skin and soft tissue infection, respiratory, endocardial,
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meningeal or bone infection and disseminated disease

[2].

In recent years, tattooing has become increasingly
popular [4]. Both the peer-reviewed and grey litera-
ture contain sporadic reports of cases and outbreaks
of RGM skin infection associated with tattooing [5-29].
Contamination leading to such tattoo-associated infec-
tion could theoretically occur at any point, from manu-
facture of the tattoo ink or equipment to application of
the tattoo in the studio or during aftercare of the tat-
too by the recipient. Reports of this emerging condition
often contain few details of the public health investi-
gations into the potential points of contamination and
these reports have not previously been systematically
collated.

A recent report described the clinical investigation and
treatment of the United Kingdom’s (UK’s) first confirmed
case, and three probable cases, of tattoo-associated
RGM skin infection, which occurred in Scotland in 2010
[23]. Full details of the clinical investigation and treat-
ment of these cases can be found in the original report
[23]. In brief, the presentation and findings were simi-
lar for all four patients: within two weeks of their most
recent tattoo session, erythematous papular eruptions
appeared, predominantly in the grey-shaded areas of
their tattoos (Figure 1). Histopathology suggested an
infectious aetiology in each case although the Scottish
Mycobacteria Reference Laboratory only isolated an
organism (M. chelonae) from the skin biopsy of one
of the four individuals. All four had received their tat-
toos from a single tattooist at the same tattoo studio
in Edinburgh between August and September 2010.
The four individuals demonstrated initial spontaneous
improvement; all were lost to subsequent follow-up

[23].

We present a detailed description of the public health
investigation ofthis clusterof cases of tattoo-associated



FIGURE 1

Lesions caused by tattoo-associated skin infection with
rapidly growing mycobacteria from a cluster of one
confirmed and three probable cases, Scotland, 2010

A

A Healing lesions localised in the grey-shaded areas of the
confirmed case’s tattoo. The skin biopsy site is also visible.

B Erythematous papular eruptions within the tattoo of one of the
probable cases.

RGM skin infection in Scotland alongside a systematic
review of all such cases reported in the literature.

Methods

Public health investigation into a cluster
of tattoo-associated rapidly growing
mycobacteria skin infection in Scotland

Case definition

Our initial case definition was any individual within
the Lothian region of Scotland who, in the 12 months
preceding the investigation, had RGM isolated from a
recently tattooed area of skin. Recently tattooed was
defined as tattooed in the 12 months before symptom
onset. Patients from whom RGM were not isolated,
but who had a clinical picture consistent with RGM
skin infection in a recently tattooed area of skin, were
defined as possible cases.

After initial case finding, the following final case defi-

nitions were agreed:

e confirmed case — a patient with clinical signs con-
sistent with RGM skin infection (e.g. erythema,
papules or pustules) in or around a recently tat-
tooed area and from whom RGM were isolated;

e probable case — a patient with clinical signs from
whom RGM were not isolated but who had an epide-
miological link to a confirmed case (e.g. attended
the same tattoo studio).

Case finding

The first case presented to his general practitioner
(GP) in October 2010 and was referred to NHS Lothian,
Department of Dermatology in January 2011. Having
noticed other cases with a similar history, dermatol-
ogy colleagues notified the local Public Health team in
March 2011. Further cases were then sought by review-
ing medical photography records for tattoo-associated
lesions with similar characteristics between October
2010 and March 2011 and by searching the Scottish
Mycobacteria Reference Laboratory records for cases
of RGM infection associated with tattoos between
January 2009 and March 2011.

An enhanced surveillance notification form was devel-
oped for local dermatologists to complete on see-
ing any tattoo-associated lesions. Organisations that
might become aware of tattoo-related infections were
contacted and asked to report any similar cases. These
included: local authority liaison groups, the Scottish
Skin Piercing Working Group, Health Protection
Scotland, the former Health Protection Agency and
the Health Protection Team at Christchurch Borough
Council, Dorset (where the tattoo ink distributor was
based).

Environmental investigation

The local tattoo licensing authority, City of Edinburgh
Council, investigated the tattoo studio. Further to pre-
vious routine inspections, a visit was conducted that
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inspected the tattoo studio and its practices. A number
of bottles of tattoo ink and diluent were obtained from
both the tattoo studio (opened bottles) and directly
from their distributor (unopened bottles) and sent for
microbiological analysis. As the environmental inves-
tigation was conducted in March 2011, six to seven
months after the tattoos were applied, the samples
tested would not have been from ink used to tattoo the
cases.

Microbiological investigation

Environmental samples were investigated by Edinburgh
Scientific Services and the Scottish Mycobacteria
Reference Laboratory in Edinburgh and also the former
Health Protection Agency Food Waterand Environmental
Microbiology Laboratory in Southampton. Samples
included tattoo ink, diluent and washings from an ink-
bottle nozzle.

Literature review

A literature search was conducted to identify all articles
describing new confirmed cases of RGM skin infection
associated with tattooing. The final case definitions
listed above were used to classify confirmed and prob-
able cases. Where a report also included details of
probable cases, these were noted.

The initial search (last updated on 1 February 2013)
used the controlled vocabulary terms ‘Tattooing’ AND
‘Mycobacterium’ within MEDLINE and Embase, com-
bined with free-text searches for ‘tattoo*” AND ‘myco-
bacter*’ in the same databases and in Web of Science.
Searches were conducted using all available records
within each database: up to November 2012 (MEDLINE)
and December 2012 (Embase and Web of Science),
without language restrictions. Duplicate records were
discarded. Titles and abstracts were screened to
identify articles that could confidently be excluded
(see below). Full-text review of the remaining articles
allowed inclusion/exclusion of publications, as per the
criteria described below.

The reference lists of included publications were visu-
ally scanned for any further relevant titles. A Google
Scholar search was conducted on 2 February 2013 for
‘Tattoo mycobacter’ with no language restrictions,
using the inclusion/exclusion criteria described below.
The title and preview text of each result on the first
20 pages of Google Scholar search results were visu-
ally scanned, to identify further cases from the grey
literature.

The inclusion criteria were that the report contained at
least one confirmed case of RGM skin infection —i.e. a
patient with consistent clinical signs (see above), in or
around a recently tattooed area (tattoo applied within
12 months of presentation, if stated), from whom RGM
were isolated.

Reports were excluded if they did not contain a con-
firmed case, if they were review articles that only
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described previously published cases or if they were
preliminary reports (e.g. conference abstracts) that
were later published in full (e.g. a peer-reviewed arti-
cle). Where necessary, authors were contacted to
confirm such duplication. To reduce the burden of
full-text retrieval and review, records were excluded
if initial review of the title and abstract clearly identi-
fied a report containing only non-RGM infection (e.g.
M. tuberculosis), a report containing only non-infec-
tious cases (e.g. those with sarcoidosis) or a non-clin-
ical study.

Results

Public health investigation into a cluster
of tattoo-associated rapidly growing
mycobacteria skin infection in Scotland

Case finding

As reported by Sergeant et al. [23], four cases were
identified who met the case definition (one confirmed
case and three possible cases). Neither enhanced sur-
veillance nor awareness-raising exercises with other
agencies led to the identification of any further cases.
Analysis of six months of consent forms from the tat-
too studio identified that they tattooed a mean of 133
clients per month. The four cases who attended this
studio over two months thus represented 3% (95%
confidence interval (Cl): 1-8) of the clients who would
have attended the studio during this period.

Ink and diluent samples

Edinburgh Scientific Services conducted microbiologi-
cal analyses on samples from four opened bottles of
tattoo ink from the studio (two black and two grey),
which identified Cupriavidus pauculus in the sample
from one bottle of grey ink. Like M. chelonae, C. paucu-
lus is a common environmental organism found, among
other places, in tap water and is seldom isolated from
clinical samples [30]. While this finding was unlikely to
have any clinical relevance, it indicated that this opened
bottle was not sterile. The opened bottle of grey ink
that had produced this sample was retrieved from the
studio along with a further two opened bottles of the
same brand of ink and one opened bottle of diluent of
the same brand. The studio had no unopened bottles
of this brand. Samples from these four opened bot-
tles were sent to the Scottish Mycobacteria Reference
Laboratory, who subsequently isolated M. chelonae
from the bottle sample that had originally grown C.
pauculus. No microorganisms were identified in sam-
ples from the other three bottles.

In an attempt to identify the likely source of contamina-
tion, four unopened bottles of ink were obtained from
the UK-based distributor, which supplied the studio
with this American brand of ink. Samples were sent
to the respective local authority laboratories and to
the Scottish Mycobacteria Reference Laboratory. No



FIGURE 2

Flow chart showing the selection of articles in the literature review to identify new cases of tattoo-associated skin infection
with rapidly growing mycobacteria

Additional records
identified, in reference
lists and Google
Scholar search (n=6)

Records identified
from database
search (n=123)

Records after duplicates removed (n=68)

v Records excluded (n=20)
Records screened (title and - Mycobacterium tuberculosis (n=7)
abstract review) (n=68) —> - M. leprae (n=5)
- M. avium (n=1)

- Non-infectious case reports (n=4)
- Non-clinical studies (n=3)

Full-text articles excluded (n=23)

A 4
Full-text articles - Contained no confirmed cases (n=15)
assessed for eligibility (n=48) —_— - Review articles that described previously
published cases (n=3)
- Preliminary reports that were later
published in full (n=5)
v

Studies included (n=25)
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organisms were identified from any of the unopened
bottles of ink from the distributor.

Environmental investigation

The tattoo studio’s practices, premises and equip-
ment all met local authority licensing requirements on
both the investigative visit and during previous routine
inspections. Specifically, the studio used ready-to-
use inks that bore an indication of durability (or ‘use
before’ date). Their grey inks were purchased premixed
and the tattoo artist stated that he had not diluted
them with tap water in the studio. Tattoos were applied
using aliquots of ink decanted into small single-use
sterile pots.

Some UK distributors of tattoo inks are known to have
their products sterilised by industrial gamma irradia-
tion after import. The distributor that supplied this stu-
dio with the brand of ink under investigation did not.

Control measures

The tattoo studio voluntarily agreed to remove this
brand of ink from use while the investigation was ongo-
ing. An alert letter, detailing the brand and batch of ink
was sent to all tattoo studios in the Lothian region, rec-
ommending it be withdrawn from use as a precaution.
The UK distributor that supplied this brand of ink to the
studio was also informed.

Investigation outcome

At the conclusion of our investigation, we had identi-
fied one confirmed case. While no microorganism was
isolated from the three possible cases, the combination
of clinical, pathological and epidemiological similari-
ties was highly suggestive of a small cluster and these
three cases were reclassified as probable cases. The
exact source of the contamination was not identified.

Literature review

A flow chart of the selection of articles in the litera-
ture review can be seen in Figure 2. Our MEDLINE and
Embase search identified 62 unique publications after
the removal of 61 duplicate records. Title and abstract
screening allowed the exclusion of 20 reports that did
not meet inclusion criteria. Review of the titles of arti-
cles in the references of the remaining 42 articles iden-
tified two further reports and a Google Scholar search
identified an additional four. From these 48 articles, 15
were excluded which contained no confirmed cases;
three were excluded as review articles which described
previously published cases and five were excluded as
preliminary reports, which were later published in full.
Interested readers may wish to note the research letter
by Kluger et al. (which was excluded from this review
as it contains no confirmed cases) as it gives a thor-
ough account of a probable outbreak [31]. The report
of an outbreak of seven cases in Germany by Hamsch
et al. was included as, in two of the cases, DNA of an
atypical mycobacterium that had not previously been
described was detected by polymerase chain reaction
(PCR) — it bore features of M. haemophilum [14].
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We identified a total of 25 reports that describe new
cases of tattoo-associated RGM skin infection. These
are summarised in the Table. The literature review
identified the report of an outbreak in Rochester in
New York State, United States, published by Kennedy
et al. in August 2012 [24]. This outbreak was also
summarised in an article in the Centers for Disease
Control and Prevention (CDC) Morbidity and Mortality
Weekly Report, which provided preliminary descrip-
tions of four further clusters (not published elsewhere)
that were identified as part of a subsequent, national
investigation [25]. For the purposes of this review, the
Kennedy et al. report was selected for the Rochester
cases (as it contains full details) and the CDC article
was selected as a separate single report of the remain-
ing four clusters (with the Rochester cases excluded, to
avoid duplication).

The 25 reports analysed, from 11 countries, described
a total of 142 cases (71 confirmed and 71 probable
cases). Three of the reports described infections fol-
lowing the application of ‘permanent make-up’ [14-16].
The techniques used for this cosmetic form of tattooing
are broadly similar to conventional tattooing although
the pigment tends to be applied more superficially

[14,32].

The number of published cases by year of publication
is shown (Figure 3). In the six years following the first
reported case in 2003, there were only three reports of
such infections. However, the last three years (2010-
2012) have seen a large rise both in the number of
annual reports and in cumulative count of cases.

There are many similarities in the clinical presentation
of reported cases, with descriptions tending to include
erythema, nodules, papules or pustules usually con-
fined to or around the tattooed areas. With several
months of antibiotic treatment, outcomes tended to
be good. The reports of Goldman, Rodriguez-Blanco,
Hamsch and Sergeant describe a total of 10 cases who
had resolution of symptoms without antimicrobials
[11,13,14,23]. Notably one case series associated with
permanent make-up appeared to have more compli-
cated clinical presentation and worse outcomes [15].

RGM can be difficult to culture and mycobacteria were
isolated from only 71 of the 142 reported cases. In 48
of these 71 cases, M. chelonae was identified. Some
cases were on antimicrobials at the time of biopsy,
which may account for the negative cultures. Other
species less commonly found were M. haemophi-
lum (12 cases), M. abscessus (6 cases), M. chelonae/
abscessus group (1 case), M. immunogenum (1 case),
M. fortuitum (1 case) and unspecified mycobacteria (3
cases) (note: both M. chelonae and M. abscessus were
isolated from one case). These RGM have varying path-
ogenicity and in vitro antimicrobial susceptibilities. It
is unclear which treatments are optimal but decisions
may be guided by in vitro susceptibility testing [33].
M. abscessus is often multiply resistant and reports of



TABLE PANEL A

Characteristics of all previously published confirmed or probable cases of tattoo-associated skin infection with rapidly
growing mycobacteria from the first published case in May 2003 to December 2012 (n=142)

First author,
publication year,

(location of cases)?,
[source]

Number
of cases:
confirmed
(probable)

Organisms

identified

(number of
cases)

Characteristics

Tattoo had dark-blue outline

QOutcome

Postulated source of
infection

as flatmate with similar
symptoms remained well
with no treatment.

Wolf, Atypical with green and yellow Patient refused treatment
May 2003, 1 (0) mycobacteria colouring. Photograph of the - . Not postulated.
Nodules persisted
(Tel Aviv, Israel) [5] (1) lesion shows spread beyond P :
tattoo borders.
Sunekanuparph Mycobacterium Treated with excision
8 parpn, chelonae/ and sulfamethoxazole/
Sep 2003, Bangkok, 1 (0) abscessus One nodule on a tattoo. trimethoprim. No relapse 15 Not postulated.
Thailand [6] group (1) months post-treatment.
Substantial improvement
Sinele artist using the same after 4 months of M. chelonae sourced
Preda, Ing 8 . clarithromycin and to a tattoo ink bottle
M. chelonae ink over 2 months of serial ) . . .
Mar 2009, Sydney, 1 (0) ) extensive tattooine to thigh moxifloxacin treatment. mixed using an
Australia [7] and arm 8 8 Nodularity remained but industrial bolt that
: repeat biopsy grew no was left in situ.
mycobacteria.
Single artist in a single .
establishment. Lesions tg?glfoavsl-int lgi?/te Use of non-sterile
evolved within 1-2 weeks in atients im rclJ)\}ed with water to form grey
Drage, M. chelonae grey areas of tattoos (black P clarithron? cin (one wash. The grey
Mar 2010, Rochester, 3(3) : ink diluted with water). ve - wash used for these
3) receded by minocycline)
MN, United States [8] 3 Black areas not affected. por azithron\1, cin Aﬁ who patients had been
Median time to diagnosis of completed thyera. had no discarded. Other inks
17.6 weeks (range: 10-22.5 P recu”en&y tested negative.
weeks). ’
Three patients were
lost to follow-up. At 5—6 M. abscessus and
Single artist in a single months, two cases (one M. chelonae isolated
Lollis establiihment Er themitous on hydrocortisone cream from the grey ink
Jul 20’10 M. abscessus apular eru 'tio\rqs in ere ’ and doxycycline, one on used in all 11 cases.
San Antc’)nio X 1(10) and ar:egs oftattgos develi eyd unspecified oral antibiotics) | Tattoo artist reported
United State,s ’ M. chelonae _14 davs after tattooi‘; completely resolved but two | there had been some
[o] (1) C?ne 4atiZnt also develo id (who received a variety of leakage into the
9 OF arteritis s ndroms different oral and or topical shipping container
poly y ' treatments) had a persistent that held these
rash. No further follow-up bottles.
reported.
Complete healing after . .
initial treatment with G.rey.mk, obtained by
Bechara, M. ab 0 f lesi d L in foll d dilution of a coloured
Aug 2010 1(0) . abscessus nset of lesions 10 days post pristinamycin followe powder with tap
A ’ (1) tattoo. by minocycline then
Paris, France [10] . . water, probably
clarithromycin. No relapse at .
responsible.
4-month follow-up.
41 patients successfully
treated with clarlthromycm Diluted black ink
(10 also had tobramycin). - - .
Goldman, hel . Il lesi . h h (diluted with saline,
Oct 2010 13 (35) M. chelonae Two artists. All lesions in grey The ot. er seven were serum or tap water)
’ (13) areas of tattoo. not initially given . . :
Le Havre, France [11] antibiotics: lesions healed Also syringes rinsed
’ L with tap water.
spontaneously in six
patients.
After a variety of pre-
diagnosis treatments,
Ricciardo lesions improved
’ . . with minocycline and Tap or non-sterile
Nov 2010 (Perth, M. abscessus Lesions confined to grey . . . .
Australia) 1(2) A) igment areas clarithromycin. Patient water used to dilute
[12] pig ’ ceased treatment early black ink.

CDC: United States Centers for Disease Control and Prevention.
2 Where location of cases is not provided in the article, first author location is given here in parentheses.
® The five clusters described by the CDC included the investigation of inks manufactured by four companies (A-D).

¢ The report [25] contains the preliminary details of five clusters in the United States; the Rochester, NY, cluster described in full by Kennedy
et al. [24] and the four clusters listed by State. Seattle and King County, WA, had two discrete clusters, denoted as Clusters A and B.




TABLE PANEL B

Characteristics of all previously published confirmed or probable cases of tattoo-associated skin infection with rapidly
growing mycobacteria from the first published case in May 2003 to December 2012 (n=142)

Number
of cases:
confirmed
(probable)

Organisms

identified

(number of
cases)

First author,

publication year, Postulated source of

QOutcome . .
infection

Characteristics

(location of
cases)?, [source]

Rodriguez-Blanco,

Lesions restricted to grey

Two patients lost to follow-up.
Four had a good clinical
response with clarithromycin.

Tap water may have

same establishment had
similar reactions but refused
assessment.

to clarithromycin although
neither treatment nor
outcome are stated.

Jan 2011, M. chelonae - been used to wash
(La Corufia, Spain) 2 (5) @) areas. Onset 3 30 days after One refusgd treatment but the containers used
tattooing. reported lesions had resolved o
[13] to mix inks.
completely on telephone
follow-up.
Single artist using a dark- The dark-brown
Hamsch, Undefined brown ink. Granulomatous | Three patients improved with ink was found to
Jan 2011, mycobacteria purulent skin reactions ethambutol, clarithromycin be contaminated
(Heidelberg, 2 (5) with features of in areas around eyebrow and rifampicin. Lesions with a multitude of
Germany) M. haemophilum permanent make-up healed completely in one bacteria including
[14] 2 application. Lesion onset patient without treatment. M. lentiflavum and
days to weeks. Ralstonia pickettii.
Single freelance artist.
Red papules or pustules, Treatment with
or erythematous plaque clarithromycin, ciprofloxacin | Six of 18 inks tested
Giulieri, over eyebrows with and either rifabutin or were positive for
Feb 2011, 10 (2) M. haemophilum lymphadenopathy after rifampicin was commenced M. haemophilum.
(Lausanne, (10) permanent make-up but often poorly tolerated. Authors postulated
Switzerland) [15] application. Eight patients Only two patients responded tap-water
with abscesses, in seven to antibiotics and surgery was | contamination of ink.
of these patients, the required in nine cases.
abscesses became fistulae.
Wollina, Multiple tense subcutaneous .
Rapid and almost complete
Feb 2011, . nodules and cysts along PR
M. haemophilum . response to antibiotic
(Dresden, 1 (0) right eyebrow 8 weeks after . . . Not postulated.
(1) therapy with clarithromycin,
Germany) eyebrow permanent makeup ciprofloxacin and rifampicin
[16] application in South Asia. ’
Kappel, Tender erythematous After a poor response
Apr 2011, M. chelonae plaques and pustules to doxycycline, use
(Los Angeles, CA, 1 (o) . ) confined to the grey areas of clarithromycin and Not postulated.
United States) within tattoos. Appeared 2 levofloxacin lead to
[17] months after tattooing. substantial improvement.
Mitchell, . -
Apr 2011, (Chapel . M. Erythematous painful Doxycycline (stopped aftgr Possibility of .
: . 1(0) immunogenum 10 days) and clarithromycin some form of fluid
Hill, NC, United papules and nodules mostly . .
(1) o given for 9 to 12 months. reservoir (no further
States) [18] within tattoo borders. Continued to 1 details gi
) ontinued to improve. etails given).
Kay, The confirmed case
Sep 2011, . had no response to
(Seattle, WA, The confirmed case ha.d numerous pre-diagnosis Tap water used in
R erythematous nodules in e . .
United States) [19] N antibiotics. A course of arinse solution
. the region of the tattoo. The : ST . . .
M. haemophilum rifampicin, ciprofloxacin applied during and
1(1) probable case had a pustulo- - . .
(1) nodular skin infection and clarithromycin led after tattooing and
. to improvement and 3 to dilute ink for
confined to shaded areas of . L2 .
tattoo months after discontinuing shading.
' antibiotics, the lesions had
healed.
Bini¢, Pruritic, red lichenoid Nelther patient re:spond.ed
Dec 2011, . to various pre-diagnosis
: papules and plaques with .
(Kragujevac, X oral and topical agents.
> scales mostly in grey areas. . . Tap water used to
Serbia) M. chelonae . The M. chelonae isolated in
2 (0) Three other clients from the : make grey wash from
[20] 2) both cases was susceptible

black pigment.

CDC: United States Centers for Disease Control and Prevention.
2 Where location of cases is not provided in the article, first author location is given here in parentheses.
® The five clusters described by the CDC included the investigation of inks manufactured by four companies (A-D).

¢ The report [25] contains the preliminary details of five clusters in the United States; the Rochester, NY, cluster described in full by Kennedy
et al. [24] and the four clusters listed by State. Seattle and King County, WA, had two discrete clusters, denoted as Clusters A and B.




TABLE PANEL C

Characteristics of all previously published confirmed or probable cases of tattoo-associated skin infection with rapidly
growing mycobacteria from the first published case in May 2003 to December 2012 (n=142)

First author,
publication year,

(location of cases)?,
[source]

Number
of cases:
confirmed
(probable)

Organisms

identified

(number of
cases)

Characteristics

Outcome

Postulated source of
infection

Winthrop, lichy, violaceous papules All lesions completely resolved
Jun 2012, Portland, 1(0) M. chelonae in black and grey areas of after 3 months gf azityhrom cin Not postulated
OR, United States (1) tattoo about 2 weeks after '3 mol azitnromycin, P :
R linezolid and vitamin B6.
[21] tattooing.
Suvanasuthi, Three days after the tattoo No response to one month .
. N o ! . This case was
Jun 2012, (Bangkok, session, multiple pruritic of topical steroid and oral - .
; . : o . - . associated with an
Thailand) M. fortuitum discrete erythematous antihistamine. Ciprofloxacin
1 (0) S . amateur tattoo. No
[22] (1) papules appeared, and clarithrithromycin for a specific mechanism
confined to the tattoo few months led to substantial P
S postulated.
area. clinical improvement.
Sergeant, Growth of
Jul 2012, Edinburgh, Followine failure of pre- microorganisms in
United Kingdom [23] R 8 pre an opened bottle of
. . diagnosis treatment with .
Single artist. Dusky, N ink demonstrated
topical and oral agents, the .
M. chelonae erythematous papules . . the potential for
1(3) . K eruptions in all cases later .
(1) some with scales in grey - environmental
improved spontaneously. R
tattooed areas. . contamination,
Two cases were also given X
. . although this was
clarithromycin for 6 months. !
not the same ink
used for the cases.
Kennedy, Of the 19 patients, 18 were .
Aug 2012, Rochester, treated with macrolides m&g’;féoﬁ?:hg&:
NY, United States Single artist. All cases with later addition of, or sy
o K . pulsed-field gel
[24] tattooed with ink from switch to, doxycycline. All 18 N
b . . . electrophoresis
See also [25]° M. chelonae Company A®. Persistent, treated patients improved. .
14 (5) . A : S pattern found in
(14) raised erythematous rash Antimicrobial susceptibility
- s . . unopened bottle
in grey areas within 3 studies were conducted in two .
X : . of ink (a grey wash
weeks of tattoo. cases; microorganisms in both
L hand blended by the
these cases were sensitive to
- . . manufacturer).
clarithromycin and doxycycline.
CDC, Aug 2012, Company B had
Seattle and King received complaints
County, WA, United of long-lasting skin
States: All cases tattooed with reactions from 35
Cluster A [25]¢ black ink from Company customers in 19
M. abscessus B®. Note: there were also states between Aug
3 (0) . Not stated.
(3) 24 possible cases who 2011 and Mar 2012.
did not meet our case Rapidly growing
definition. mycobacteria not
grown from ink
or environmental
samples.
CDC, Aug 2012, Sample from
Seattle and King opened bottle of
County, WA, United Company C ink®
States: Cases were tattooed with grew M. chelonae
Cluster B grey ink from Company but pulsed-field
4 b . H
[25] 2 (0) M. chelonae C". Note: t.here were also Not stated. gel electrophoresis
(2) two possible cases who patterns suggested
did not meet our case it was unrelated to
definition. the isolate that was
available from one
of the cases in this
cluster.

CDC: United States Centers for Disease Control and Prevention.
2 Where location of cases is not provided in the article, first author location is given here in parentheses.
® The five clusters described by the CDC included the investigation of inks manufactured by four companies (A-D).

¢ The report [25] contains the preliminary details of five clusters in the United States; the Rochester, NY, cluster described in full by Kennedy
et al. [24] and the four clusters listed by State. Seattle and King County, WA, had two discrete clusters, denoted as Clusters A and B.



TABLE PANEL D

Characteristics of all previously published confirmed or probable cases of tattoo-associated skin infection with rapidly
growing mycobacteria from the first published case in May 2003 to December 2012 (n=142)

First author,
publication year,

(location of

Number
of cases:
confirmed

Organisms
identified
(number of

Characteristics

Outcome

Postulated source of
infection

cases)?, [source]

CDC, Aug 2012,

(probable)

cases)

Cases were tattooed with black

[29]

who attended the same studio.

lowa, United ink from Company C". Clinical
States isolates from both cases were
[25]¢ M. chelonae | indistinguishable by pulsed-field
2 (0) @) gel electrophoresis from the Not stated. Not postulated.
available clinical isolate from
the Seattle and King County, WA
Cluster B above.
CDC, Aug 2012, Distilled or reverse-
Colorado, United osmosis water used
States to dilute ink and
[25]¢ rinse needles (when
1(0) M. chelonae Tattooed with black ink from Not stated switching ink for
(€] Company D", : the same client). Ink
labelled as drawing
ink and specified that
it was not suitable for
tattooing.
Curcé, Nov 2012 Single artist. One patient had Both had initial unsuccessful
(Barcelona, papulopustules, another had treatment with topical Tattoo artist created
Spain) [26] M. chelonae a 1 cm diameter erythematous corticosteroids and a grey ink by mixing
1(1) ’ ) plaque with pustules. Both had antibiotics. Lesions resolved black ink with rose
lesions confined to grey area of after 3 months and less than water from a local
tattoos 2 weeks and 5 days after 1 month of clarithromycin pharmacy.
application respectively. respectively.
Shinohara, Dec Initial treatment with
2012 (Seattle, Burning, itching and oral clarithromycin and
WA, United erythematous papules and levofloxacin. Susceptibility
States) [27] 1(0) M. chelonae | pustules noticed in grey areas of | testing showed resistance to Not bostulated
(€] tattoo 3 weeks after application levofloxacin so changed to P :
by professional mobile tattoo clarithromycin monotherapy.
service. Lesions resolved completely
after 4 months of treatment.
Schwartzman, Dramatic, diffuse blanching No improvement with
Dec 2012 (Los erythema, tenderness and cefalexin treatment. After
Angeles, CA, 1(0) M. chelonae | warmth in both legs with a well- diagnosis, the patient was Not postulated
United States) (1) described nodular rash. Signs treated successfully with 9 P :
[28] and symptoms progressed over | months of oral clarithromycin
4 weeks. and levofloxacin.
i;ggt-(lé?i?ft’)l?regch, M. chelonae Ra§h .in the grey area of a tattoo. . '!'ap water u§ed to
United Kingdom) 1 (o) ) Similar rashes in other clients Not described. dilute black ink and

rinse needles.

CDC: United States Centers for Disease Control and Prevention.
2 Where location of cases is not provided in the article, first author location is given here in parentheses.
® The five clusters described by the CDC included the investigation of inks manufactured by four companies (A-D).

¢ The report [25] contains the preliminary details of five clusters in the United States; the Rochester, NY, cluster described in full by Kennedy
et al. [24] and the four clusters listed by State. Seattle and King County, WA, had two discrete clusters, denoted as Clusters A and B.




FIGURE 3

Published confirmed or probable cases of tattoo-associated rapidly growing mycobacteria skin infection by year of

publication (n=142)

150 —|
Cumulative count of cases

140
X Published report

130 — +  Two overlapping reports

120 %  Three overlapping reports

110 —

90 |
80 —
70 —|

60 —|

Number of cases

50 —

30 —

20 —

10 —

I 2006 I

2007

Year

I 2008 I

Presented by published report and as a cumulative count of cases. Reports published in the same month are depicted as overlapping reports.

in vitro and in vivo antagonism should alert us to pos-
sible complications of treatment [34].

In the literature to date, contamination occurring in the
tattoo studio itself has been the main postulated or
identified source of RGM skin infection. The most com-
monly proposed mechanism is the use of non-sterile
tap water to either dilute black ink to a grey ‘wash’
or to clean tattooing equipment, as described in 11
of the reports identified in our review. The next most
frequently proposed mechanism is some other form of
environmental contamination of the tattoo ink (e.g. due
to breached packaging or improper handling or storage
of ink). A number of investigations identified RGM or
other bacteria in opened bottles of tattoo ink. In such
cases, it is impossible to verify where this contami-
nation has occurred. Kennedy et al.’s 2012 paper has
been the only report to date that has identified RGM in
unopened bottles of tattoo ink, suggesting contamina-
tion during manufacture or distribution [24]. The indis-
tinguishable pulsed-field gel electrophoresis patterns
in the clinical isolates from clusters in lowa and Seattle
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and King County, WA, Cluster B, where cases had been
tattooed with ink from the same manufacturer, would
also suggest contamination occurred during manu-
facture or distribution [25]. Only one report described
infection resulting from an amateur tattoo.

Discussion

We have summarised the characteristics of 25 pub-
lished reports describing 142 confirmed and prob-
able cases of RGM infection associated with tattooing.
Estimates based on published cases are likely to
underestimate the true incidence of this complication
of tattooing. The frequency of published reports of this
condition appears to have increased in recent years.
This finding could be artefactual, driven by improved
case identification (e.g. through raised clinical aware-
ness or improvements in mycobacterial testing).
Alternatively, the increase could indicate an emerging
problem, potentially driven by changes in practices
within the tattoo industry or the increasing popular-
ity of tattoos. If the latter were true, one might also
expect to observe increases in other tattoo-associated
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infections. Unfortunately, the limited literature avail-
able on this subject is divided. For example Urbanus
et al. observed that while literature from the 1980s and
1990s found an association between hepatitis B virus
infection and tattooing, more recent literature rarely
supports this finding [4]. Indeed a recent Dutch study
by the same authors found no evidence of increased
hepatitis B or C prevalence in people with multiple tat-
toos and/or piercings [32]. It should be noted that the
Netherlands has implemented robust hygiene regula-
tions around these procedures for a number of years,
so this finding may reflect the success of national pre-
ventive measures for blood-borne virus transmission

[32].

The most commonly postulated source of tattoo-asso-
ciated RGM infection in the literature is contamination
of tattoo ink or equipment with non-sterile water in
the tattoo studio. However, the tattooist in the inves-
tigation of the Scottish cluster described and demon-
strated tattooing procedures that included no such
unsafe practice. In common with many similar investi-
gations described in the literature, we were unable to
obtain the actual bottles of ink used for the cases. The
isolation of both C. pauculus and M. chelonae from an
opened bottle of grey ink from the same studio some
months later suggested contamination could have
occurred in the tattoo studio. However, the ubiquitous
nature of these microorganisms in the environment
means that contamination during collection or process-
ing of environmental samples remains a possibility.

Contamination during production or distribution of the
ink is also a possibility. Our cluster investigation did
not identify any further cases in the UK at the time, nor
did we find any evidence of contamination in unopened
ink samples sourced from the distributor. This was the
best, albeit weak, evidence that we could pragmati-
cally gather against contamination having occurred
higher in the supply chain in our investigation.

Recent analyses of a wide range of commercially avail-
able tattoo inks demonstrated surprisingly high rates
of bacterial contamination in both open and unopened
ink bottles [35,36]. The most recent of these noted
that 10% of unopened ink bottles tested were con-
taminated, 28% had inadequate physical sealing and a
number made false claims of sterility [36]. These stud-
ies did not test specifically for RGM.

A search for ‘tattoo ink’ on the European Union Rapid
Alert System for non-food dangerous products (RAPEX)
website [37] identified five occurrences of tattoo inks
being banned, recalled or withdrawn because of bacte-
rial contamination since 2005. None of these instances
involved RGM, although it is possible that culture
techniques appropriate for mycobacteria were not
employed during testing. These occurrences are con-
sistent with the high prevalence of bacterial contami-
nation in tattoo inks, identified in the studies above.
It was perhaps unsurprising that, in 2012, Kennedy

www.eurosurveillance.org

et al. described the first reported outbreak in which
RGM (indistinguishable from those in clinical samples
by pulsed-field gel electrophoresis) were identified in
unopened bottles of the same brand of premixed ink
that was used for the tattoos [24].

Manufacturing requirements in Europe and the United
States tend to treat tattoo inks as cosmetic substances,
with much less stringent controls than for medical
products that are injected [36,38,39]. Within Europe,
recommendations have been produced that include a
requirement of sterility for tattoo ink — for example,
the European Council tattoo regulations [40]. However,
few countries have adopted such regulations to date,
although the existence of empirical data demonstrat-
ing high rates of tattoo ink contamination may help
change this [35,36].

The sterilisation of tattoo inks is not straightforward.
Filter sterilisation would also remove the coloured par-
ticulates that give the ink its character. One alterna-
tive is to use industrial gamma-irradiation and we are
aware of a number of tattoo suppliers in the UK that
employ this approach. We have heard of anecdotal con-
cerns regarding the potential for decomposition of ink
constituents following irradiation but were unable to
find any published evidence of this phenomenon, nor
of the safety or effectiveness of this technique.

Our public health investigation could not confirm the
point of contamination in the Scottish cluster. Analyses
of inks on the market, combined with recent clusters
in the United States, suggest that quality control
measures for tattoo inks clearly need to be improved
to ensure a sterile product is produced. However, the
identification of unsafe practice in tattoo studios in
many reports suggests that efforts also need to con-
tinue to be focused here. Any such interventions must
balance the benefits of stricter controls with the risks
of alienating the tattoo industry or increasing tattoo
prices as these, in turn, could increase the prevalence
of illegal tattooing with potentially grave public health
consequences.
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