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Abstract

:

In two previous surveys, the U.S. Food and Drug Administration (FDA) identified microbial contamination in 53 of 112 (47%) unopened tattoo inks and tattoo-ink-related products (e.g., diluents) from 15 manufacturers in the U.S. In this study, we primarily focused our microbiological survey on permanent makeup (PMU) inks. We conducted a survey of 47 unopened PMU inks from nine manufacturers and a comparative species-centric co-occurrence network (SCN) analysis using the survey results. Aerobic plate count and enrichment culture methods using the FDA’s Bacteriological Analytical Manual (BAM) Chapter 23 revealed that 9 (19%) inks out of 47, from five manufacturers, were contaminated with microorganisms. The level of microbial contamination was less than 250 CFU/g in eight inks and 980 CFU/g in one ink. We identified 26 bacteria that belong to nine genera and 21 species, including some clinically relevant species, such as Alloiococcus otitis, Dermacoccus nishinomiyaensis, Kocuria rosea, and Pasteurella canis. Among the identified microorganisms, the SCN analysis revealed dominance and a strong co-occurrence relation of spore-forming extreme environment survivors, Bacillus spp., with close phylogenetic/phenotypic relationships. These results provide practical insights into the possible microbial contamination factors and positive selection pressure of PMU inks.
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1. Introduction


Permanent makeup (PMU) or micropigmentation is a type of tattoo [1]. Because PMU is often performed for medical or aesthetic purposes, most commonly in the facial area, it is also called a “cosmetic tattoo”, while traditional and decorative tattoos are often applied to other parts of the body [2,3]. As in tattooing, colored pigment is injected through a needle into the skin to produce designs that resemble makeup, such as eyeliner, lip liner, eyebrows, or other makeup [1,4]. Tattoo and PMU inks are regulated by the U.S. Food and Drug Administration (FDA) as cosmetics, and the pigments in the inks, which are considered color additives, are subject to premarket approval [5]



PMU, along with decorative tattoos, has become popular worldwide over the last several decades [2,6]. As PMU has become more prevalent, risks and complications associated with PMU have also increased [4,6,7]. Between 2003 and 2004, more than 150 cases of adverse reactions occurring in consumers associated with PMU were reported to the FDA [5]. While it is difficult to attribute any of the adverse events to a specific cause, it is likely that there are health risks from PMU inks contaminated with pathogenic microorganisms [8,9]. In recent years, a number of PMU ink recalls due to microbial contamination have occurred [5,6]. However, relatively little is known about the occurrence of microbial contamination in commercially available PMU inks, compared with tattoo inks, of which up to 86% have been shown to be contaminated with microorganisms, depending on the survey [10,11,12,13,14,15].



Our two prior surveys of tattoo inks and tattoo-ink-related products, including PMU inks and ink diluents, revealed that 53 out of 112 (47%) unopened and sealed tattoo and PMU inks from 15 manufacturers were contaminated with microorganisms [14,15]. Among those inks surveyed, 29 PMU inks (23 in the first and 6 in the second survey) from five manufacturers were analyzed, and 14 of them (48%) from four manufacturers were found to be microbially contaminated. While the rate of PMU ink contamination was consistent with that of tattoo ink contamination (51%, 39 out of 77 tattoo inks), the number of PMU inks and range of manufacturers tested are not enough to generalize the survey results and to understand factors that contribute to microbial contamination.



In this study, we surveyed only PMU inks, including microblading (Mb) inks, which are PMU inks used on eyebrows [7]. We conducted a microbiological survey of 47 PMU inks and combined the data with our two previous surveys in order to perform a network-based comparative analysis and to gain systematic insights into factors that may influence microbial contamination of PMU inks.




2. Materials and Methods


2.1. PMU Inks


PMU inks were purchased from 9 manufacturers in the U.S. during February and March of 2019. We purchased 2 to 6 bottles of each individual ink with the same lot number. Upon receipt of survey samples, we checked seal integrity and stored the inks at room temperature. We recorded ink product label information, including country of origin, manufacturer, distributor, lot number, ingredients, sterility claim, and expiration date.




2.2. Microbiological Analysis of PMU Inks


We analyzed PMU inks for bacterial and fungal contamination based on the methods described in the FDA’s Bacteriological Analytical Manual (BAM) Chapter 23 [16]. This chapter provides the agency’s preferred laboratory procedures for testing cosmetics for the presence and identity of microorganisms (https://www.fda.gov/food/laboratory-methods-food/bam-methods-cosmetics, accessed on 1 March 2022). Briefly, we serially diluted ink suspensions using modified letheen broth (MLB) and plated 1 mL of 10−1 dilution (500 µL × 2 plates) and 100 µL of each 10−1, 10−2, and 10−3 dilution on modified letheen agar (MLA) plates and Potato Dextrose agar (PDA) with chlorotetracycline (40 µg/mL) in duplicate, for detection of bacteria and fungi, respectively. Diluted samples were incubated for 7 days for enrichment and then streaked (~5 µL) on MLA plates to detect microbial contaminants. As positive and negative controls, plates and culture media, with and without spike of test microorganisms Staphylococcus aureus (ATCC 25923), Candida albicans (ATCC 10231), Pseudomonas aeruginosa (ATCC 27853), and Klebsiella pneumoniae (ATCC 13883), were tested. Contamination of nontuberculous mycobacteria (NTM) was also analyzed based on the method described by the Office of Regulatory Affairs/U.S. FDA. The NTM detection method was originally developed to isolate and identify NTM associated with tattoo-related outbreaks [17]. Microbial contaminants were identified using VITEK 2 Compact System (BioMérieux, Durharn, NC, USA.), with Gram-negative (GN), Gram-positive (GP), and Bacillus (BCL) colorimetric cards. Sequencing of 16S rRNA gene was also used to identify bacteria using primers 27f and 1492r [18]. PCR products were purified using ExoSAP-IT (USB Corporation, Cleveland, OH, USA), as recommended by the manufacturer. DNA sequencing was performed by a Core Facility at the University of Arkansas for Medical Sciences in Little Rock, Arkansas (http://mbim.uams.edu/research-cores/dna-sequencing-core-facility, accessed on 1 March 2022).




2.3. Species-Centric Co-Occurrence Network (SCN) Analysis


An SCN analysis was performed as previously described [14]. Briefly, using a custom python script, a species–sample matrix (i.e., a presence–absence matrix) was generated from the results of the previous and present survey, and then a co-occurrence matrix was generated from the presence–absence matrix. In a species-centric co-occurrence network, if two bacterial species exist in a sample, these two bacterial species are associated with each other and form a co-occurrence relation. In a species-centric co-occurrence network, the nodes represent bacterial species whose edges (i.e., connection degree) indicate a relationship between bacterial species. The node size and line width are weighted by bacterial isolate occurrence counts and frequency of co-occurrence, respectively. Gephi (https://gephi.org/, accessed on 1 March 2022) was used for network analysis and visualization.





3. Results and Discussion


3.1. Microbial Contamination of PMU Inks


We surveyed 47 unopened and sealed PMU inks from nine manufacturers (Table 1, Figure 1, and Supplementary Table S1). Aerobic plate count (APC) coupled with enrichment culture methods revealed that nine (19%) PMU inks from five manufacturers contained bacteria. Out of 47 surveyed inks, 18 (38%) from four manufactures were labeled as sterile. Out of the 18 inks which made claims of sterility, 3 inks (17%) from two manufacturers were found to contain microorganisms. The level of microbial contamination detected was <250 CFU/g in eight inks and 980 CFU/g in one ink.



In our previous two surveys, we found 14 out of 29 PMU inks (48%) contained microorganisms [14,15]. If we add up all the PMU samples from this survey and the previous ones, a total of 23 (9 + 14) out of 76 (47 + 29) PMU inks (30%) contained microorganisms. The rate of microbial contamination observed in the PMU inks was 30%, which is lower than that of tattoo inks, where 39 out of 77 tattoo inks (50.6%) had been found to be contaminated [14,15]. In addition, the concentration of microorganisms found in PMU was much lower than that found in tattoo inks. While the contamination level in 51% of the tattoo inks (20 inks out of 39 contaminated tattoo inks) was found to be higher than 103 CFU/g, with the highest being over 108 CFU/g, microbial concentrations in contaminated PMU inks were mostly <250 CFU/g, with only one being 980 CFU/g. Our results show that PMU inks are less likely to be contaminated with high levels of microorganisms than tattoo inks.




3.2. Identification of Microorganisms Isolated from PMU Inks


We identified a wide variety of bacteria using VITEK and 16S rRNA sequence analysis. As shown in Table 1, 26 bacterial isolates, belonging to nine genera and 21 species, were identified. Seven out of nine contaminated PMU inks contained multiple strains of bacteria. For example, sample #37 produced a growth of 12 different species of bacteria. Isolates of genus Bacillus were dominant with 15 unique species (58%). Identification included possible pathogenic bacteria, such as Alloiococcus otitis, Dermacoccus nishinomiyaensis, Kocuria rosea, and Pasteurella canis. Although the bacteria are involved in human infections [19,20,21,22], they have never been previously reported as tattoo ink contaminants.




3.3. Species-Centric Co-Occurrence Network (SCN) of the Bacterial Contaminants from PMU Inks


3.3.1. Newly Identified 14 Species Belonging to 6 Genera as a Bacterial Contaminant of PMU Inks


In three surveys, we have identified 79 bacterial isolates from a total of 76 PMU ink samples. They included 50 isolates from 29 PMU inks in the previous two surveys [14,15] and 29 isolates from 47 PMU inks in the present survey. To systematically investigate patterns of species occurrence and species–species co-occurrences, the 79 bacterial isolates were mapped to produce a species-centric co-occurrence network (76-PP SCN) with 49 nodes (bacterial species) and 165 edges (co-occurrence relationships) (Figure 2). As shown in Figure 2, the 76-PP SCN consists of two subnetworks, an SCN (29-PMU SCN) from the previous surveys of 29 PMU inks, which contains 35 nodes (35 species belonging to eight genera) connected by 104 co-occurrence edges and an SCN (47-PMU SCN) from the present survey of 47 PMU inks, which contains 21 nodes (21 species belonging to nine genera) and 69 edges. As revealed in the Venn diagram (Figure 2), the two subnetworks exhibited 28 and 14 exclusive nodes (or noncore species), respectively, and 7 shared nodes (core species) and, at the genus level, five and six noncore genera, respectively, and three core genera (Figure 2B). Conclusively, 49 bacterial species have been identified as bacterial contaminants of PMU inks, and, among them, 14 species belonging to six genera were newly identified in the present survey.




3.3.2. Three Bacillus spp., B. pumilus, B. licheniformis, and B. cereus, Showing the Highest Occurrence and Co-Occurrence Degree


As shown in the 47-PMU SCN (the present survey), among the 21 nodes, 12 species represented by red nodes are pathogenic (~51%). The three core pathogenic Bacillus spp., B. pumilus, B. licheniformis, and B. cereus [23,24,25], are the top three nodes with the highest occurrence of three, two, and two, respectively; they were detected in 4–6% of the PMU ink samples. On the other hand, the top three hub nodes showing a connection degree (i.e., no. of edges) of ≥12 were three Bacillus spp., a noncore species, B. clausii, and two core species, B. cereus and B. firmus. Interestingly, Sphingomonas paucimobilis, a noncore species of the 47-PMU SCN, was the only Gram-negative bacterium identified from all three PMU ink surveys. On the other hand, among the 35 nodes of the 29-PMU SCN from the previous survey, 11 species were pathogenic (~31%). The three core Bacillus spp., which showed the highest occurrence and degree in the 47-PMU SCN, also are the top three nodes in terms of occurrence and degree, except for the noncore bacterium B. thuringiensis with the highest connection degree of 12 in the 29-PMU SCN. Conclusively, the SCN of bacterial isolates from PMU inks is scale-free with apparent connection preferences, and a few isolates dominate the overall occurrence (avg. occurrence of 1.57) and connectivity (avg. degree of 5.94). Unlike the tattoo inks [14,15], however, no networks showed any statistical supporting relationship between the occurrence and connection degree (Pearson correlation: r = 0.13, p = 0.46 for 29-PMU SCN, r = 0.01, p = 0.98 for 47-PMU SCN, r = 0.11, p = 0.45 for 76-PP SCN).




3.3.3. Seven Core Bacterial spp. Commonly Identified from Both the Previous and Present Surveys


Seven bacterial spp. (core species in the 76-PP SCN) were commonly identified in both the previous and present surveys (Figure 2). The seven core species included five pathogens and two nonpathogens. Bacillus spp. were dominant in the core species. Four core pathogenic Bacillus spp., B. pumilus, B. licheniformis, B. cereus, and B. firmus, showed a relatively high occurrence and degree. B. pumilus especially showed a strong co-occurrence with two other core pathogenic spp., B. licheniformis and B. cereus (Figure 2). The seven core Gram-positive bacterial spp., which are often known as extreme environment survivors [26], show a higher occurrence and connection degree than the noncore species, suggesting possible positive selection pressure of PMU inks and their resistance to the selection pressure in terms of microbial contamination.



Epistatic interactions are functional combinations of two or more contamination factors, including selection pressure of ink environments, microbial contamination sources and their degree of microbial complexity, and phylogenetic and/or phenotypic relationships among the contaminants [14]. These epistatic interactions appear to be neither simple nor random, and they seemed to determine the occurrence, co-occurrence, and diversity of microbial contaminants in PMU and tattoo inks. Therefore, it is a challenge to convert the microbial contamination data of the PMU ink surveys into practical and productive public health information via identification of contamination factors. A network-based analysis of the relationships among bacterial isolates seems to be essential to reduce the degree of epistatic complexity of contamination factors. As revealed in the 76-PP SCN, bacterial contaminants showed apparent connection preferences, which are not limited to pairwise co-occurrences. The relatively low average occurrence (1.57) but relatively high average degree (5.94) of the bacterial contaminants in the PMU SCNs could be explained by their relatively close phylogenetic/phenotypic–phenotypic relationships. In addition, the dominance and strong co-occurrence of spore-forming extreme environment survivors Bacillus spp. in the core species suggest the existence of positive selection and their ubiquity in nature, relatively high contamination, and resistance to the selection pressure in PMU inks.






4. Conclusions


While several studies report high contamination rates in sealed tattoo inks and describe the putative relevance for public health [10,11,12,13,27], information is lacking on the microbial contamination of PMU inks. This present study indicates that unopened and sealed PMU inks contain microorganisms, many of which are pathogens. Contaminated inks may lead to human microbial infections if injected into the dermis. As revealed in the species-centric co-occurrence network of diverse bacterial contaminants, a variety of contamination factors/routes could be responsible for the high degree of contamination and microbial diversity of PMU inks. On the other hand, a high degree of occurrence and coexistence of GP spores or endospore-forming Bacillus-centric contaminants with a close phylogenetic/phenotypic relationship suggests selection pressure and bacterial resistance in PMU inks. Nevertheless, it is also clear that more survey data should be added to identify all possible contamination factors/routes to prevent microbial contamination in PMU inks.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/microorganisms10040820/s1, Table S1: Detection and identification of microorganisms in PMU inks.





Author Contributions


Conceptualization, O.K. and S.K. (Seongjae Kim); methodology, O.K. and S.K. (Seongjae Kim); software, O.K.; validation, M.S.M., M.C.J.H. and G.P.; formal analysis, O.K.; investigation, S.Y., S.K. (Sandeep Kondakala), and S.W.N. and S.K. (Seongjae Kim); resources, M.S.M., M.C.J.H., G.P., O.K. and S.K. (Seongjae Kim); data curation, O.K. and S.K. (Seongjae Kim); writing—original draft preparation, S.Y., S.K. (Sandeep Kondakala), S.W.N., O.K. and S.K. (Seongjae Kim); writing—review and editing, S.Y., S.K. (Sandeep Kondakala), M.S.M., M.C.J.H., G.P., O.K. and S.K. (Seongjae Kim); visualization, O.K.; supervision, O.K. and S.K. (Seongjae Kim); project administration, S.K. (Seongjae Kim). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available in the article and Supplementary Material.




Acknowledgments


We thank Kidon Sung and Huizhong Chen for their critical review of the manuscript. We would like to thank the late Carl E. Cerniglia for his guidance and support from the beginning of the project, as Director of the NCTR Division of Microbiology Division as well as a research team leader. Without his enthusiasm and critical insight into the study, this work may not have been realized. This work was supported in part by an appointment to the Postgraduate Research Fellowship Program at the National Center for Toxicological Research, administered by the Oak Ridge Institute for Science and Education through an interagency agreement between the U.S. Department of Energy and the U.S. Food and Drug Administration.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




Disclaimer


This article reflects the views of the authors and does not necessarily reflect those of the U.S. Food and Drug Administration. Any mention of commercial products is for clarification only and is not intended as approval, endorsement, or recommendation.




References


	



U.S. Food and Drug Administration. Tattoos, Temporary Tattoos & Permanent Makeup. Available online: https://www.fda.gov/cosmetics/cosmetic-products/tattoos-temporary-tattoos-permanent-makeup (accessed on 1 March 2022).

	



Ortiz, A.E.; Alster, T.S. Rising concern over cosmetic tattoos. Dermatol. Surg. 2011, 38, 424–429. [Google Scholar] [CrossRef] [PubMed]

	



Vassileva, S.; Hristakieva, E. Medical applications of tattooing. Clin. Dermatol. 2007, 25, 367–374. [Google Scholar] [CrossRef] [PubMed]

	



De Cuyper, C. Complications of cosmetic tattoos. Curr. Probl. Dermatol. 2015, 48, 61–70. [Google Scholar] [CrossRef] [PubMed]

	



U.S. Food and Drug Administration. Tattoos & Permanent Makeup: Fact Sheet. Available online: https://www.fda.gov/cosmetics/cosmetic-products/tattoos-permanent-makeup-fact-sheet (accessed on 1 March 2022).

	



Straetemans, M.; Katz, L.M.; Belson, M. Adverse reactions after permanent-makeup procedures. N. Engl. J. Med. 2007, 356, 2753. [Google Scholar] [CrossRef]

	



National Environmental Health Association. NEHA’s Policy Statement on Microblading. Available online: https://www.neha.org/node/60099 (accessed on 1 March 2022).

	



Giulieri, S.; Morisod, B.; Edney, T.; Odman, M.; Genne, D.; Malinverni, R.; Hammann, C.; Musumeci, E.; Voide, C.; Greub, G.; et al. Outbreak of Mycobacterium haemophilum infections after permanent makeup of the eyebrows. Clin. Infect. Dis. 2011, 52, 488–491. [Google Scholar] [CrossRef]

	



Wollina, U. Nodular skin reactions in eyebrow permanent makeup: Two case reports and an infection by Mycobacterium haemophilum. J. Cosmet. Dermatol. 2011, 10, 235–239. [Google Scholar] [CrossRef]

	



Charnock, C. Tattooing dyes and pigments contaminated with bacteria. Tidsskr. Nor. Laegeforen. 2004, 124, 933–935. [Google Scholar]

	



Baumgartner, A.; Gautsch, S. Hygienic-microbiological quality of tattoo- and permanent make-up colours. J. Verbrauch. Lebensm. 2011, 6, 319–325. [Google Scholar] [CrossRef]

	



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

	



Bonadonna, L. Survey of studies on microbial contamination of marketed tattoo inks. Curr. Probl. Dermatol. 2015, 48, 190–195. [Google Scholar] [CrossRef]

	



Nho, S.W.; Kim, M.; Kweon, O.; Kim, S.J.; Moon, M.S.; Periz, G.; Huang, M.J.; Dewan, K.; Sadrieh, N.K.; Cerniglia, C.E. Microbial contamination of tattoo and permanent makeup inks marketed in the US: A follow-up study. Lett. Appl. Microbiol. 2020, 71, 351–358. [Google Scholar] [CrossRef] [PubMed]

	



Nho, S.W.; Kim, S.J.; Kweon, O.; Howard, P.C.; Moon, M.S.; Sadrieh, N.K.; Cerniglia, C.E. Microbiological survey of commercial tattoo and permanent makeup inks available in the United States. J. Appl. Microbiol. 2018, 124, 1294–1302. [Google Scholar] [CrossRef] [PubMed]

	



Huang, J.; Hitchins, A.D.; Tran, T.T.; McCarron, J.E.; U.S. Food and Drug Administration. Bacteriological Analytical Manual (BAM) Chapter 23. Microbiological Methods for Cosmetics. 2017. Available online: https://www.fda.gov/food/laboratory-methods-food/bam-methods-cosmetics (accessed on 1 March 2022).

	



Chou, K.; Van, K.; Chen, K.-S.; Torres, S.; Williams-Hill, D.; Martin, W.B. Isolation and identification of nontuberculous mycobacteria associated with tattoo-related outbreaks. J. Regul. Sci. 2014, 3, 9–15. [Google Scholar]

	



Weisburg, W.G.; Barns, S.M.; Pelletier, D.A.; Lane, D.J. 16S ribosomal DNA amplification for phylogenetic study. J. Bacteriol. 1991, 173, 697–703. [Google Scholar] [CrossRef] [PubMed]

	



Ashhurst-Smith, C.; Hall, S.T.; Stuart, J.; Burns, C.J.; Liet, E.; Walker, P.J.; Dorrington, R.; Eisenberg, R.; Robilliard, M.; Blackwell, C.C. Alloiococcus otitidis: An emerging pathogen in otitis media. J. Infect. 2012, 64, 233–235. [Google Scholar] [CrossRef] [PubMed]

	



Joron, C.; Romeo, B.; Le Fleche-Mateos, A.; Rames, C.; El Samad, Y.; Hamdad, F. Dermacoccus nishinomiyaensis as a cause of persistent paediatric catheter-related bacteraemia. Clin. Microbiol. Infect. 2019, 25, 1054–1055. [Google Scholar] [CrossRef] [PubMed]

	



Lai, C.C.; Wang, J.Y.; Lin, S.H.; Tan, C.K.; Wang, C.Y.; Liao, C.H.; Chou, C.H.; Huang, Y.T.; Lin, H.I.; Hsueh, P.R. Catheter-related bacteraemia and infective endocarditis caused by Kocuria species. Clin. Microbiol. Infect. 2011, 17, 190–192. [Google Scholar] [CrossRef] [PubMed]

	



Albert, T.J.; Stevens, D.L. The first case of Pasteurella canis bacteremia: A cirrhotic patient with an open leg wound. Infection 2010, 38, 483–485. [Google Scholar] [CrossRef]

	



Bottone, E.J. Bacillus cereus, a volatile human pathogen. Clin. Microbiol. Rev. 2010, 23, 382–398. [Google Scholar] [CrossRef]

	



Tena, D.; Martinez-Torres, J.A.; Perez-Pomata, M.T.; Saez-Nieto, J.A.; Rubio, V.; Bisquert, J. Cutaneous infection due to Bacillus pumilus: Report of 3 cases. Clin. Infect. Dis. 2007, 44, e40–e42. [Google Scholar] [CrossRef]

	



Haydushka, I.A.; Markova, N.; Kirina, V.; Atanassova, M. Recurrent sepsis due to bacillus licheniformis. J. Glob. Infect. Dis. 2012, 4, 82–83. [Google Scholar] [CrossRef] [PubMed]

	



Greenblatt, C.L.; Baum, J.; Klein, B.Y.; Nachshon, S.; Koltunov, V.; Cano, R.J. Micrococcus luteus-survival in amber. Microb. Ecol. 2004, 48, 120–127. [Google Scholar] [CrossRef] [PubMed]

	



Dieckmann, R.; Boone, I.; Brockmann, S.O.; Hammerl, J.A.; Kolb-Maurer, A.; Goebeler, M.; Luch, A.; Al Dahouk, S. The risk of bacterial infection after tattooing. Dtsch. Arztebl. Int. 2016, 113, 665–671. [Google Scholar] [CrossRef] [PubMed]








[image: Microorganisms 10 00820 g001 550] 





Figure 1. Microbial content of PMU inks. A total of 9 out of 47 PMU inks contained microorganisms. 
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Figure 2. Comparative species-centric co-occurrence network analysis of the bacterial isolates from the previous and present PMU ink surveys. (A), a species-centric co-occurrence network (76-PP SCN) of the 76 PMU ink samples (29 samples of the previous survey and 47 samples of the present survey). In the network, color and size of the nodes indicate pathogenicity (red, pathogenic and green, nonpathogenic) and occurrence rate of the bacterial isolates from PMU ink samples, respectively. Thickness of the edges was weighted by co-occurrence rate. (B), Venn diagrams of the two subnetworks, 29-PMU SCN (the previous survey) and 47-PMU SCN (the present survey), at the species (left) and the genus level (right), respectively. 






Figure 2. Comparative species-centric co-occurrence network analysis of the bacterial isolates from the previous and present PMU ink surveys. (A), a species-centric co-occurrence network (76-PP SCN) of the 76 PMU ink samples (29 samples of the previous survey and 47 samples of the present survey). In the network, color and size of the nodes indicate pathogenicity (red, pathogenic and green, nonpathogenic) and occurrence rate of the bacterial isolates from PMU ink samples, respectively. Thickness of the edges was weighted by co-occurrence rate. (B), Venn diagrams of the two subnetworks, 29-PMU SCN (the previous survey) and 47-PMU SCN (the present survey), at the species (left) and the genus level (right), respectively.



[image: Microorganisms 10 00820 g002]







[image: Table] 





Table 1. Detection and identification of microorganisms in PMU inks.
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	Ink #
	Manufacturer
	Ink Type
	Claim Sterility
	CFU/g
	Identification





	1
	1
	Mb
	Y
	980
	Staphylococcus carnosus



	2
	
	Mb
	Y
	<10
	



	3
	
	Mb
	NA
	<10
	



	4
	
	Mb
	NA
	<10
	



	5
	
	PMU
	NA
	<10
	



	6
	
	PMU
	NA
	<10
	



	7
	2
	Mb
	NA
	<10
	



	8
	
	Mb
	NA
	<10
	Sphingomonas paucimobilis



	9
	3
	Mb/PMU
	Y
	<250
	Bacillus ruris

Alloiococcus otitis



	10
	
	Mb/PMU
	Y
	<250
	Bacillus clausii

Geobacillus toebii

Alloiococcus otitis

Pasteurella canis



	11
	4
	Mb
	NA
	<10
	



	12
	
	Mb
	NA
	<10
	



	13
	
	Mb
	NA
	<10
	



	14
	
	PMU
	NA
	<10
	



	15
	
	PMU
	NA
	<10
	



	16
	
	PMU
	NA
	<10
	



	17
	5
	Mb/PMU
	Y
	<10
	



	18
	
	Mb/PMU
	Y
	<10
	



	19
	
	Mb/PMU
	Y
	<10
	



	20
	
	Mb/PMU
	Y
	<10
	



	21
	
	Mb/PMU
	Y
	<10
	



	22
	
	Mb/PMU
	Y
	<10
	



	23
	
	Mb/PMU
	Y
	<10
	



	24
	
	Mb/PMU
	Y
	<10
	



	25
	6
	Mb
	NA
	<10
	



	26
	
	Mb
	NA
	<10
	



	27
	
	Mb
	NA
	<10
	



	28
	
	PMU
	NA
	<10
	



	29
	
	PMU
	NA
	<10
	



	30
	
	PMU
	NA
	<10
	



	31
	7
	PMU
	NA
	<250
	Bacillus cereus

Bacillus pumilus



	32
	
	PMU
	NA
	<250
	Bacillus megaterium

Bacillus pumilus



	33
	
	PMU
	NA
	<250
	Bacillus circulans

Bacillus licheniformis



	34
	
	PMU
	NA
	<10
	



	35
	
	PMU
	NA
	<250
	Bacillus licheniformis

Bacillus pumilus



	36
	
	PMU
	NA
	<10
	



	37
	8
	Mb/PMU
	NA
	<250
	Bacillus clausii

Bacillus firmus

Bacillus subtilis

Kocuria turfanensis

Bacillus marisflavi

Bacillus simplex

Dermacoccus nishinomiyaensis

Kocuria rhizophila

Kocuria rosea

Micrococcus luteus



	38
	
	Mb/PMU
	NA
	<10
	



	39
	
	Mb/PMU
	NA
	<10
	



	40
	
	PMU
	NA
	<10
	



	41
	
	PMU
	NA
	<10
	



	42
	9
	Mb
	Y
	<10
	



	43
	
	Mb
	Y
	<10
	



	44
	
	Mb
	Y
	<10
	



	45
	
	PMU
	Y
	<10
	



	46
	
	PMU
	Y
	<10
	



	47
	
	PMU
	Y
	<10
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