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Significance and Impact of the Study: Risks of infection associated with tattoo and permanent makeup
(PMU) inks contaminated with microorganisms continues to be a public health concern. This study con-
firms the results from our previous study showing that a high portion of tattoo and PMU inks were con-
taminated with micro-organisms, including pathogenic bacteria. The results of this survey highlight the
safety concerns associated with intradermal injection of microbially contaminated tattoo inks. Further-
more, this study shows the importance of continuously monitoring the levels of microbial contamina-
tion of tattoo and PMU inks marketed in the US.
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Abstract

In a 2018 survey, U.S. Food and Drug Administration (FDA) identified

microbial contamination in 42 (49%) of 85 unopened tattoo and permanent

makeup (PMU) inks purchased from 13 manufacturers in the US between

November 2015 and April 2016. To confirm the results of our previous survey,

we evaluated the level of microbial contamination in an additional 27 samples

from 10 manufacturers from September 2017 to December 2017, including 21

unopened tattoo and PMU inks which were selected based on our previous

survey results and 6 ink diluents that were not previously analysed. Aerobic

plate count and enrichment culture methods from the FDA’s Bacteriological

Analytical Manual revealed 11 (52%) out of 21 inks, from six manufacturers,

were contaminated with micro-organisms, with contamination levels up to

3�6 9 108 CFU per gram, consistent with our previous survey results. We

identified 25 bacterial strains belonging to nine genera and 19 species. Strains

of Bacillus sp. (11 strains, 44%) were dominant, followed by Paenibacillus sp.

(5 strains, 20%). Clinically relevant strains, such as Kocuria rhizophila and

Oligella ureolytica, were also identified, as similar to the findings in our

previous survey. No microbial contamination was detected in any of the six

ink diluents.

Introduction

One of the major sources of tattoo-related infections is

from intradermal injection of microbially contaminated

tattoo ink products, although inadequate hygiene prac-

tices and sanitation measures during or after tattoo pro-

cedures are also a source of infection (LeBlanc et al. 2012;

Dieckmann et al. 2016; Serup 2017). It has been reported

that 10–80% of unopened commercial tattoo inks are

contaminated with micro-organisms (Baumgartner and

Gautsch 2011; Hogsberg et al. 2013; Bonadonna 2015;

Nho et al. 2018).

Previously, we conducted a preliminary survey of tattoo

and permanent makeup (PMU) inks sold in the US (Nho

et al. 2018), in order to obtain some initial data which

might help support regulatory decision-making. In that

initial survey we evaluated the microbial contamination

of 85 unopened, sealed tattoo and PMU inks, purchased

from 13 manufacturers around the US. The study

revealed that 42 inks (49%), from 12 manufacturers, were
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contaminated with various kinds of micro-organisms,

including fungi and opportunistic bacteria. We identified

a total of 83 bacterial isolates, belonging to 20 genera and

49 species. Overall, the study indicated that microbial

contaminants found in tattoo and PMU inks available in

the US could potentially be a source of infection.

Having obtained preliminary results suggesting that

half of the tattoo inks tested were contaminated with

micro-organisms, we decided to conduct a follow-up

survey in order to confirm the results of the first survey.

The samples selected for this follow-up survey were tat-

too inks from the same brands as those previously tested

by FDA but having different lot numbers and being

manufactured at different times. We surveyed both tat-

too inks (15 samples) and PMU inks (six samples),

which had previously been found to be either highly

contaminated (17 samples) or uncontaminated (four

samples). Additionally, tattoo ink diluents from six man-

ufacturers were also surveyed. In this follow-up study,

we adopted the microbiological analytical methods

described in the Bacteriological Analytical Manual

(BAM) Chapter 23 (Huang et al. 2017), to produce sur-

vey results with better resolution (Table 1). Overall, this

survey confirmed the results from our preliminary study

showing a high prevalence of microbial contamination

in tattoo and PMU inks on the US market.

Results and discussion

Survey of microbial contamination of tattoo and PMU

inks and diluents

Results from this follow-up survey were overall consis-

tent with those of the preliminary survey that we con-

ducted (Fisher’s exact test P = 1�0) (Nho et al. 2018)

(Fig. 1 and Table 2). We analysed a total of 27 previ-

ously unopened samples that included 21 tattoo inks and

six diluents. In total, 11 of the 21 (52%) tattoo and

PMU inks from seven manufacturers were found to be

contaminated with micro-organisms from the aerobic

plate and/or enrichment culture. All 11 contaminated

inks were previously shown to be contaminated in our

previous survey (Fig. 1), although they were manufac-

tured at different times (different lot number). However,

six tattoo inks (samples #3–6, #10, #15) from different

batches that were previously shown to be contaminated

with micro-organisms, were found to not be contami-

nated in the present survey. The remaining four tattoo

inks that were previously not found to be contaminated

(samples #11–14), were again not found to have micro-

bial growth (Table 2).

Because tattoo inks are often diluted with diluent solu-

tions for actual tattoo inking procedures, we examined

diluent solutions as potential sources of microbial con-

tamination. Cases of microbial infection associated with

diluted tattoo ink have been previously reported, includ-

ing one outbreak of Mycobacterium chelonae infection

derived from black tattoo ink diluted with distilled water

and prediluted grey wash ink products (Drage et al. 2010;

Kennedy et al. 2012). Our results, however, showed that

all six tattoo ink diluents from six different manufacturers

assessed showed no microbial growth, using the methods

in BAM Chapter 23 methods (Table 2). Ink diluents are

mostly made of purified water or distilled water, often

mixed with a small portion of alcohol or glycerine. The

lack of microbial growth from ink diluents may be due to

the fact that many of them were sterilized.

Table 2 shows the contamination levels in the various

inks tested. Among the five excessively contaminated inks

(over 103 CFU per gram) in the previous survey, in this

survey, three inks were again shown to be excessively con-

taminated with micro-organisms (over 106 CFU per

gram). In particular, sample #18 (an orange tattoo ink

from company #6, labelled as ‘sterile’) had the highest

level of microbial contamination (3�6 9 108 CFU per

gram). Similar to the previous survey, products labelled

‘sterile’ were found to contain micro-organisms. Out of

18 ink products that were labelled ‘sterile’, five products

(28%) were found to be contaminated with micro-organ-

isms (Table 2). This finding suggests inadequate

Table 1 An overview of first and second survey

First survey (Nho

et al. 2018) Second survey

Goal Examine microbial

contamination

Confirm results of 1st survey

for tattoo inks

Examine microbial

contamination of diluents

Media TSA Based on BAM and Chou

et al. (2014):

MLA

SDA PDA

7H10 MAC

Middlebrook 7H9/7H10/

7H11

Enrichment No Yes

Identification 16S rDNA

sequence

VITEK and/or 16S rDNA

sequence

No. of samples

Tattoo and

PMU ink

85 21

Diluent 0 6

Total 85 27

TSA, trypticase soy agar; SDA, Sabouraud dextrose agar; BAM, FDA’s

Bacteriological Analytical Manual, Chapter 23 ‘Microbiological Analyti-

cal Manual for cosmetics’; MLA, modified Letheen agar; PDA, potato

dextrose agar; MAC, MacConkey agar.
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manufacturing, sterilization or quality control practices

among tattoo manufacturers.

Chapter 23 of the FDA’s BAM is a laboratory proce-

dure for isolation of micro-organisms from cosmetic

products by colony counts and enrichment culturing.

Many cosmetic products are often not in liquids or not

soluble in water and contain various preservatives. For

microbiological evaluations for these types of samples, the

BAM procedure requires dilution of the samples to render

them miscible before plating, to neutralize preservatives

in the products, and to conduct enrichment procedures.

This approach worked with tattoo and PMU ink samples

whose matrices are often a semi-liquid or paste-like which

may include preservatives. Serial dilutions and enrichment

culturing also make the number of colonies by aerobic

plate count (APC) more accurate compared with the pre-

viously used direct spread plate methods. In this follow-

up study, we were able to count CFU as low as less than

10 CFU or as high as 108 CFU per gram of samples,

which was not possible in the previous survey.

Tattoo and PMU inks and diluents were analysed for

bacterial and fungal contamination by performing APC of

bacteria and fungi and enrichment culture analysis, which

is based on the analytical methods described in the FDA’s

BAM Chapter 23 (Huang et al. 2017). BAM Chapter 23

provides the agency’s preferred laboratory procedures for

‘Microbiological Methods for Cosmetics (https://www.fda.

gov/food/laboratory-methods-food/bam-methods-cosmetics)’.

Briefly, modified Letheen agar (MLA) and potato dextrose

agar (PDA) with chlorotetracycline (40 µg ml�1) were

used for bacteria and fungi respectively. Ink solutions

were serially diluted using modified Letheen broth (MLB)

up to 10�3 and 100 µl of each 10�1, 10�2 and 10�3 dilu-

tion were plated on the agar plate. Diluted samples were

also enriched for up to 7 days and then streaked (~5 µl)

on the MLA plates to detect the presence of micro-organ-

isms according to BAM Chapter 23.

Identification of bacterial strains isolated from tattoo

and PMU inks

We identified 25 bacterial isolates (Table 2) using VITEK

2 Compact System (BioMerieux, Durham, NC), with

Gram negative (GN), Gram positive (GP) and Bacillus

(BCL) colorimetric cards and/or by 16S rRNA gene

sequence analysis. Phylogenetically diverse bacteria were

identified belonging to nine genera and 19 species. Major-

ity of them were strains of Bacillus sp. (11 strains, 44%)

and other spore-forming bacilli (10 strains, 40%), such as

Brevibacillus, Lysinibacillus, Oceanobacillus and Paenibacil-

lus. These extreme environment-surviving bacteria were

often found the most in bacteriological survey of tattoo

inks in the previous studies (Baumgartner and Gautsch

2011; Bonadonna 2015; Nho et al. 2018).

We identified 13 opportunistic pathogenic bacteria

(52%, Table 2). They included strains of B. licheniformis,

B. pumilus, Lysinibacillus fusiformis, Paenibacillus glu-

canolyticus and Providencia rettgeri, which are in accor-

dance with those species found in the previous tattoo ink

surveys including our first survey (Reus and van Buuren

2001; Charnock 2004; Baumgartner and Gautsch 2011;

Hogsberg et al. 2013; Bonadonna 2015; Nho et al. 2018).

Species of bacteria that had not been previously found in

tattoo inks such as Kocuria rhizophila and Oligella ureolyt-

ica, were identified in this survey and these species are

reported to be involved in human hematogenous infec-

tion (Moissenet et al. 2012; Pagotto et al. 2016). Bacterial

contaminants commonly identified in tattoo inks, are

known to be opportunistic pathogens, which cause infec-

tions mainly in immunocompromised patients

17 Contaminated
Tattoo and PMU 

inks

4 Uncontaminated
Tattoo and PMU 

inks

6 Diluents

4

116

6

11
(52%)

6

42
(49%)

No diluents

43 10

1st survey results 2nd survey results

Figure 1 Comparison of the results of the first and follow-up survey. Ink products were purchased in November 2015 and September 2017, for

the first and follow-up survey respectively ( microbial growth; no microbial growth). [Colour figure can be viewed at wileyonlinelibrary.com]
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(Haydushka et al. 2012). However, those bacteria may

put consumers at a higher risk of infection when injected

into the skin (Dieckmann et al. 2016).

Similarly to our previous survey, nontuberculous

mycobacteria (NTM) were not detected in this follow-up

tattoo and PMU ink survey. The NTM method used in

this study is a sensitive detection method including APC

and enrichment culture by using Middlebrook 7H10 and

selective Middlebrook 7H11 media, which promote recov-

ery and growth of NTM (Chou et al. 2014). Therefore,

the results indicated that the tattoo and PMU inks exam-

ined in this study had no NTM contamination.

Table 2 Cultural detection of microorganisms in tattoo or PMU inks

Sample

number Company Ink type Colour*

Claim

sterility Bacterial Fungal NTM

CFU per gram (or ml)

Identified bacteria†This study 1st survey

1 1 Tattoo Black Yes + � � 1�6 9 103 1�2 9 103 Bacillus altitudinis

Lysinibacillus fusiformis ‡

Bacillus licheniformis‡

2 Tattoo Yellow Yes + � � 15 >2 9 103 Paenibacillus sp.

3 Tattoo Black Yes � � � � >2 9 103

4 Tattoo White Yes � � � � >2 9 103

5 Tattoo Brown Yes � � � � >2 9 103

6 2 Tattoo Black Yes � � � � >2 9 103

7 Tattoo Orange Yes + � � 3 9 106 >2 9 103 Bacillus pumilus ‡

Pseudomonas sp.

Bacillus licheniformis‡

8 3 Tattoo Green Yes + � � 1 9 102 >2 9 103 Bacillus clausii

Brevibacillus choshinensis

Paenibacillus lactis

9 Tattoo Green Yes + � � 1 9 102 >2 9 103 Bacillus licheniformis‡

Brevibacillus brevis

Oceanobacillus sp.

10 Tattoo Brown Yes � � � � >2 9 103

11 Tattoo Orange Yes � � � � �
12 4 PMU Black Yes � � � � �
13 PMU Brown Yes � � � � �
14 PMU Red Yes � � � � �
15 5 Tattoo Black No � � � � >2 9 103

16 Tattoo Gray No + � � 1�3 9 102 >2 9 103 Lysinibacillus sphaericus

17 6 Tattoo Red No + � � 7�2 9 106 >2 9 103 Kocuria rhizophila‡

Oligella ureolytica‡

18 Tattoo Orange No + � � 3�6 9 108 >2 9 103 Providencia rettgeri ‡

19 7 PMU Black No + � � 25 >2 9 103 Bacillus licheniformis‡

Bacillus pumilus ‡

20 PMU Black No + � � 1�1 9 103 >2 9 103 Bacillus pumilus ‡

Bacillus firmus

Bacillus licheniformis‡

21 PMU Brown No + � � <10§ >2 9 103 Paenibacillus

glucanolyticus‡

Paenibacillus validus

Paenibacillus cinaris

22 1 Diluent Clear Yes � � � � N/A

23 2 Diluent Clear Yes � � � � N/A

24 3 Diluent Clear Yes � � � � N/A

25 8 Diluent Clear Yes � � � � N/A

26 9 Diluent Clear No � � � � N/A

27 10 Diluent Clear No � � � � N/A

*The closest colour to the ink was used. For example, dark brown was called brown.
†Bacterial name is underlined if the same species was identified in the first survey.
‡Bacterial name possibly clinically relevant.
§Bacterial growth was detected after enrichment.
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Occurrence and co-occurrence of bacterial strains

isolated from tattoo and PMU inks

A co-occurrence network was reconstructed to understand

the occurrence and coexistence patterns of the bacterial

isolates from tattoo and PMU ink samples (Fig. 2). The

108 bacterial isolates identified from the first and second

surveys were mapped to produce a co-occurrence network

with 62 nodes (bacterial isolates) and 134 edges (co-oc-

currence relationship) (Nho et al. 2018). Among the 62

bacterial isolates, four pathogenic bacteria, P. aeruginosa,

L. fusiformis, B. pumilus and B. licheniformis showed a rel-

atively high occurrence; they were detected in 5–8% of

the ink samples (Fig. 2a). Among the nonpathogenic bac-

terial isolates, B. cohnii showed the highest occurrence

(occurrence value of 4, i.e. detected in ~4% of the sam-

ples). The average occurrence of the bacterial isolates is

~1�7.
The co-occurrence network is scale-free with apparent

connection preferences, and a few isolates dominate the

overall connectivity (Fig. 2b). Six isolates belonging to the

genus Bacillus (B. cohnii, B. pumilus, B. cereus, B.

thuringiensis, B. amyloliquefaciens and B. aryabhattai)

showed a relatively high connection degree of ≥11.
Among them, the isolate B. cohnii was a hub node with

the highest degree of 16 in the co-occurrence network

(Fig. 2b). Another six isolates, P. rettgeri, M. luteus,

Paenibacillus sp., B. gottheilii, L. sphaericus and A. suicloa-

calis, showed no connection degree. The average degree of

the co-occurrence network is 4�3.
A Pearson’s correlation was run to determine the rela-

tionship between the occurrence and connection degree

values. There was a moderate positive correlation between

the occurrence and connection degree (r = 0�45,
P < 0�001). Among the four pathogenic isolates showed a

relatively high occurrence, with the exception of P. aerugi-

nosa, three pathogenic bacteria, L. fusiformis, B. pumilus

and B. licheniformis, showed a relatively high degree of 8,

9 and 14 respectively connected to diverse pathogenic and

nonpathogenic isolates. Especially, as shown in Fig. 2b, B.

pumilus showed a relatively high co-occurrence with two

pathogenic bacteria B. licheniformis and B. thuringiensis

and a nonpathogenic bacterium B. firmus. The pathogenic

bacterium P. aeruginosa that have an occurrence value of

5 (i.e. detected in ~5% of the ink samples) showed only

one connection degree to nonpathogenic B. subtilis.

Network-centric analysis was our endeavour to measure

and interpret statistical interrelations between the isolates,

that is, converting from an isolate-centric focus to an

integrative and system level investigation in terms of

microbial contamination of tattoo and PMU inks. A vari-

ety of factors, including physiological and/or biological

condition of the ink sample, microbial contamination

source and its degree of microbial complexity, and phylo-

genetic and/or phenotypic relationship of the contami-

nants, could affect the occurrence and network-centric

features of the bacterial isolates from the ink samples.

Additional qualitative and quantitative survey outputs

and database-based systematical data organization are

needed for network-based systematic interpretation of

bacterial contamination in tattoo and PMU ink samples,

which is essential to provide more practical/productive

public health information.

In conclusion, there are several different routes that

can lead to microbial infections related to tattooing

(Wenzel et al. 2013; Bonadonna 2015; Serup 2017). Bacte-

rial infections may result from inadequate hygienic prac-

tices, such as using nonsterile tattooing instruments and

sharing contaminated needles. It may also be caused from

a lack of appropriate aftercare during healing. Addition-

ally, the microbiological contaminant findings of this sec-

ond survey reported here, along with our previous study

(Nho et al. 2018) as well as studies by other investigators

(Charnock 2004; Baumgartner and Gautsch 2011; Hogs-

berg et al. 2013; Bonadonna 2015) indicate that unopened

and sealed tattoo and PMU inks are also a source that

may cause human microbial infections.

Materials and methods

3.1. Tattoo and PMU inks and diluents

Tattoo and PMU inks and ink diluents were purchased

from 10 manufacturers in the United States from Septem-

ber 2017 to December 2017. We purchased six bottles of

each individual ink and diluent with the same lot num-

ber. Survey samples, upon receipt, were confirmed with

intact packaging and sealing, and stored in a stainless

steel storage cabinet at room temperature. We recorded

all the relevant information about samples, from product

labels or safety data sheets, such as ingredients, sterility

claims, manufacturing locations and expiration dates.

3.2. Microbiological analysis of tattoo and PMU inks and

diluents

Tattoo and PMU inks and diluents were analysed for bacte-

rial and fungal contamination by performing APC of bacte-

ria and fungi and enrichment culture analysis, which is

mainly based on the analytical methods described in the

FDA’s BAM Chapter 23 (Huang et al. 2017). BAM Chapter

23 provides the agency’s preferred laboratory procedures

for ‘Microbiological Methods for Cosmetics (https://

www.fda.gov/food/laboratory-methods-food/bam-methods-

cosmetics)’. Briefly, MLA and PDA with chlorotetracycline

(40 µg ml�1) were used for bacteria and fungi respectively.
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Ink solutions were serially diluted using MLB up to 10�3

and 100 µl of each 10�1, 10�2 and 10�3 dilution were pla-

ted on the agar plate. Diluted samples were also enriched

for up to 7 days and then streaked (~5 µl) on the MLA

plates to detect the presence of micro-organisms according

to BAM Chapter 23. For quality controls, plates and culture

media, with and without spike of test micro-organisms Sta-

phylococcus aureus (ATCC 25923), Candida albicans (ATCC

10231), Pseudomonas aeruginosa (ATCC 27853) and Kleb-

siella pneumoniae (ATCC 13883), were tested. Detection of

NTM was based on the method described by Office of Reg-

ulatory Affairs (ORA), US FDA, which was developed to

isolate and identify NTM associated with tattoo-related

outbreaks (Chou et al. 2014). Quality controls for NTM

detection were conducted, which included air plates (Mid-

dlebrook 7H10 and 7H11 agar), Middlebrook 7H9 broth

spiked with and without M. chelonae (ATCC 35752).

Identification of bacterial isolates

Micro-organisms grown on agar plates were identified

using the automated micro identification system, VITEK 2

Compact System (BioMerieux Inc, Hazelwood, MO), with

GN, GP, and BCL colorimetric cards. Isolates were subcul-

tured on MLA before testing. The inoculum suspension

was prepared in 0�45% saline, giving the equivalent of a 0�5
McFarland turbidity. The respective VITEK test cards were

filled with cell suspension according to the manufacturer’s
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Figure 2 Occurrence (a) and co-occurrence (b) network analysis of the bacterial isolates from tattoo and PMU ink samples. In the network, colour

and size of the nodes indicate pathogenicity (red, pathogenic and black, nonpathogenic) and occurrence rate of the bacterial isolates respectively.

Thickness of the edges was weighted by co-occurrence rate. The histogram shows a degree distribution of the network. [Colour figure can be

viewed at wileyonlinelibrary.com]
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instruction. Sequencing of 16S rRNA gene was also used to

identify bacteria using standard methods (Weisburg et al.

1991). Briefly, we used a colony PCR amplification with

the 16S rRNA gene primers 27f and 1492r (Weisburg et al.

1991). PCR product was purified with ExoSAP-IT (USB

Corporation, Cleveland, OH), as recommended by the

manufacturer. DNA sequences were determined at the

University of Arkansas for Medical Sciences in Little Rock,

AR (http://mbim.uams.edu/research-cores/dna-seque

ncing-core-facility), and sequence search and comparison

was performed using NCBI BLAST.

Co-occurrence network analysis

If two bacteria exist in a sample, these two bacteria are

associated with each other and form a co-occurrence rela-

tion. In a bacterial co-occurrence network, nodes represent

isolates whose edges indicate relationship between bacterial

isolates. The node size and line width are weighted by bac-

terial isolate occurrence counts and frequency of co-occur-

rence respectively. A co-occurrence network was

constructed using the functional module for co-occurrence

network analysis in the CYPminer (v1) (Kweon et al.

2020). Briefly, using in-house python script, an isolate-

sample matrix was generated from first and second survey

results to get more practical network data, and then a co-

occurrence matrix was generated from the isolate-sample

matrix. The Python library pyvis (https://pyvis.readthedoc

s.io/en/latest/) was used to reconstruct and visualize undi-

rected bacterial isolate co-occurrence network (HTML-

based interactive network). Gephi (https://gephi.org/) was

used for further network analysis and visualization.
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