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Abstract

Background: Although published results are inconsistent, it has been suggested that tattooing and piercing are risk factors
for HBV and HCV infections. To examine whether tattooing and piercing do indeed increase the risk of infection, we
conducted a study among people with multiple tattoos and/or piercings in the Netherlands who acquired their tattoos and
piercings in the Netherlands and/or abroad.

Methods: Tattoo artists, piercers, and people with multiple tattoos and/or piercings were recruited at tattoo conventions,
shops (N= 182), and a biannual survey at our STI-outpatient clinic (N= 252) in Amsterdam. Participants were interviewed
and tested for anti-HBc and anti-HCV. Determinants of HBV and HCV infections were analysed using logistic regression
analysis.

Results: The median number of tattoos and piercings was 5 (IQR 2–10) and 2 (IQR 2–4), respectively. Almost 40% acquired
their tattoo of piercing abroad. In total, 18/434 (4.2%, 95%CI: 2.64%–6.46%) participants were anti-HBc positive and 1 was
anti-HCV positive (0.2%, 95%CI: 0.01%–1.29%). Being anti-HBc positive was independently associated with older age (OR
1.68, 95%CI: 1.03–2.75 per 10 years older) and being born in an HBV-endemic country (OR 7.39, 95%CI: 2.77–19.7). Tattoo-
and/or piercing-related variables, like having a tattoo or piercing in an HBV endemic country, surface percentage tattooed,
number of tattoos and piercings etc., were not associated with either HBV or HCV.

Conclusions: We found no evidence for an increased HBV/HCV seroprevalence among persons with multiple tattoos and/or
piercings, which might be due to the introduction of hygiene guidelines for tattoo and piercing shops in combination with
the low observed prevalence of HBV/HCV in the general population. Tattoos and/or piercings, therefore, should not be
considered risk factors for HBV/HCV in the Dutch population. These findings imply the importance of implementation of
hygiene guidelines in other countries.
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Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) can both

become chronic infections, causing liver cirrhosis, hepatocellular

carcinoma, and eventually death. HBV is transmitted by sexual

contact and by blood contact, whereas HCV is primarily a blood-

borne infection [1,2].

Tattooing and piercing have been performed for thousands of

years and have been notably popular in recent years. In the

Netherlands, an estimated 6% of the general population have at

least 1 tattoo and approximately 3% have 1 or more body

piercings, excluding regular ear piercings [3].

It has been suggested that people with multiple tattoos and/or

piercings are at increased risk for HBV and HCV. However, study

results are inconsistent [4]. The association between HBV and

tattoos was chiefly found in the 1980s and early 1990s [5–7], in

more recent literature, rarely is an association found [8,9]. The

association between HCV and tattoos has been inconsistent

throughout time [4,10–13], but when there have been associa-

tions, they have been found primarily among HCV high-risk

populations [4]. Acari et al. reported in their review that none of

the studies found an association between body piercing and HCV

infection [4].

Tattoo artists and piercers are at possibly even higher risk than

their clients for HBV and HCV. They usually have multiple

tattoos and piercings themselves, and also because of the lack of

sterilization procedures in the past in combination with needle-

stick accidents. During an investigation of an HBV outbreak in

Amsterdam in 1982, which was traced back to a HBV-infected

tattoo artist, many other practices surfaced that likely put clients at

risk for infection, such as reusing needles and insufficient or lack of

sterilization procedures. As a result of this incident, the Dutch
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Tattoo Association was set up and developed, in cooperation with

the Pubic Health Service of Amsterdam (PHSA), the first set of

guidelines for tattoo shops in Amsterdam. More elaborate

guidelines were established in 1987 [14]. In 1990, these guidelines

were expanded to include piercing and permanent make-up

studios.

To the best of our knowledge, no study on HBV and HCV has

been performed exclusively among people with multiple tattoos

and piercings including tattoo artists. We examined the HBV and

HCV prevalence in this population and its relationship with tattoo

and piercings practices in a city where guidelines for hygienic

practices were introduced two decades ago.

Methods

Ethics statement
The medical ethics committee of the Academic Medical Centre

(MEC AMC) approved the current study.

Study population and study procedures
Dutch- or English-speaking tattoo artists and/or piercers living

in the Netherlands and people with multiple tattoos and/or

piercings (not those with only regular ear piercings) were

approached to participate in this study. Participants were recruited

at three sites: tattoo conventions in June 2007 and June 2008 in

Amsterdam (N=130); at tattoo and/or piercing shops in

Amsterdam (2008–2010) (N=64); and during two waves of a

biannual HIV- and HCV-survey at the sexually transmitted

infection (STI) outpatient clinic of Amsterdam in November 2008

and April 2009 (N= 361) [15]. Since recent data have shown that

HCV is emerging as an STI among HIV-infected men who have

sex with men (MSM) and prevalent in this group [15], all MSM

(N=83) were excluded in this analysis. In addition, to avoid

possible confounding, all participants with a history of being an

injecting drug user (IDU)(N= 3) were excluded. Participants

lacking an HBV core antigen (anti-HBc) or anti-HCV test result

(N= 35) were also excluded, leaving 434 participants as our study

population.

Recruitment at tattoo sites. After we obtained written

informed consent, the participants ($18 years) were interviewed

about sociodemographics, risk factors for blood-borne diseases,

and about tattoo- and/or piercing-related characteristics; blood

was collected for HBV/HCV testing. Subjects were included at

the site of the convention by convenience sampling.

Tattoo and/or piercing shops were first approached about the

study by a letter, followed by a visit by a PHSA study nurse.

During this visit, both clients and tattoo artists and piercers were

invited to participate. All participants could choose to receive their

HBV and HCV results. In case of positive test results, participants

were notified and referred to their general practitioner for further

diagnostics and referral to a hospital. Participants received 10

euros as an incentive and anti-HBc negatives received a HBV

vaccination series free of cost.

Recruitment during biannual survey at the STI outpatient

clinic. After written informed consent was obtained, the

participants ($17 years) were interviewed about sociodemo-

graphics and risk factors for blood borne diseases and STI and

blood samples were collected. When a subject had two or more

tattoos and/or piercings, additional information on tattoos and

piercings characteristics was gathered, as was done at the tattoo

sites. During this survey, however, testing for HCV and HIV was

performed anonymously and therefore participants were not

notified of the results. STI and anti-HBc status were tested as part

of the routine STI clinic consult and these test results were given to

participants [16]. Anti-HBc data were merged with the survey

data.

Laboratory testing
Participants were tested for the presence of anti-Hbc and anti-

HCV by means of a third-generation commercial microparticle

EIA system (AxSym Core, Abbott, Germany and AxSym HCV

version 3.0; Abbott, respectively). Participants whose tests

confirmed anti-HBc were tested for HBsAg to determine whether

they were a chronic carrier. The HBV DNA of HBsAg-positive

samples was isolated, amplified, and sequenced, using an in-house

PCR as described by van Houdt et al. [17]. Anti-HCV positive

samples were confirmed by Immunoblot (Chiron RIBA HCV 3.0

SIA; Ortho-Clinical Diagnostics) and tested for HCV RNA with

an in-house PCR, as described by van de Laar et al. [18].

The nucleotide sequence data have been deposited in the

GenBank sequence database under accession numbers JN547478–

JN547481.

Variables
Tattoo- and piercing-related variables included the location and

number of tattoos and/or piercings, the percentage of the body

covered with tattoos, age at first tattoo or piercing, having a tattoo

and/or piercing from abroad, as well as information about other

established risk factors for acquiring HBV and HCV, such as

blood transfusion before 1992, IDU, and sexual anamnesis. For

those working as a tattoo or piercing artist, data on the working

methods of the tattoo artist and/or piercer were obtained (e.g.

using sterile packed needles, working outside the Netherlands, first

calendar year of working as an artist, and ever having a needle-

stick accident during tattoo or piercing practices). All countries

with a moderate to high risk of infection (.2%) in the general

population were considered to be HBV or HCV endemic [19,20].

Statistical analysis
First, by means of the chi-squared test for categorical variables

and the Mann–Whitney test for continuous variables, character-

istics of participants who tested positive or negative for anti-HBc

and/or anti-HCV were compared. Categories of the variables

number of tattoos, % body surface tattooed and number of

piercings were defined by cut-off points at the 25th, 50th and 75th

percentiles for the total group. Confidence intervals (CI) around
prevalence were calculated via the Wilson method, using the

binom statistical package in R [21]. Odds ratios (OR) and 95%

confidence interval in a 262 table with one zero cell count were

calculated via penalized logistic regression using the logistf package

in R [22]. Otherwise, logistic regression in SPSS 17.0 was used.

Multivariate logistic regression models were built using backward

stepwise techniques considering variables with a univariate p-
value#0.25 as potential independent risk factors. A p-value of less
than 0.05 was considered statistically significant. Interaction terms

were checked in the final model but were not significant.

Results

Study population
In total, 434 subjects with multiple tattoos and/or piercings

participated in this study. Sixty-three were included during the

tattoo convention 2007, 59 during the tattoo convention 2008, 60

at tattoo and piercing shops and 252 at the STI clinic in

Amsterdam. Of all the subjects, 187 (43.1%) were male and the

median age was 28 years (IQR 23–37 years) (Table 1). More than

half of the population reported that they had not been vaccinated

against HBV (57.9%). The median number of tattoos and

HBV/HCV and Tattoos/Piercings
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Table 1. Characteristics of 434 participants with multiple tattoos and piercings, stratified by anti-Hbc status#.

Total
Anti-Hbc
negative

Anti-Hbc
positive Univariate analysis P-value*

Multivariate
analysis P-value*

N=434 (%) N=416 (%) N=18 (%) OR (95% CI)

Social demographics and relevant background information

Median age (IQR)
(per 10 years older)

28 (23–37) 28 (22–36) 32.5 (25–44) 1.65* (1.05–2.59) 0.03 1.68
(1.03–2.75)

0.03

Gender

Female 247 (56.9%) 241 (57.9%) 6 (33.3%) 1 0.05

Male 187 (43.1%) 175 (42.1%) 12 (66.7%) 2.75 (1.01–7.48)

Education

Low 123 (28.5%) 116 (28.0%) 7 (41.2%) 1 0.25

Middle 181 (41.9%) 173 (41.6%) 8 (47.1%) 3.80 (0.77–18.7)

High 128 (29.6%) 126 (30.3%) 2 (11.8%) 2.91 (0.61–13.9)

Missing 2 1 1

Residence

Amsterdam 317 (74.2%) 305 (74.6%) 12 (66.7%) 1 0.46

Other 110 (25.8%) 104 (25.4%) 6 (33.3%) 1.46 (0.54–4.01)

Missing 7 7

Born in HBV endemic country

No 364 (83.9%) 356 (85.6%) 8 (44.4%) 1 ,0.001 1 ,0.001

Yes 70 (16.1%) 60 (14.4%) 10 (55.6%) 7.42 (2.81–19.6) 7.39
(2.77–19.7)

Recruitment site

STI outpatient clinic 252 (58.1%) 241 (57.9%) 11 (61.1%) 1 0.79

Tattoo venue 182 (41.9%) 175 (42.1%) 7 (38.9%) 0.88 (0.33–2.31)

HBV vaccination
(self-reported)

No 249 (57.9%) 237 (57.4%) 12 (70.6%) 1 0.21

Yes 136 (31.6%) 134 (32.4%) 2 (11.8%) 0.30 (0.07–1.34)

Don’t know 45 (10.5%) 42 (10.2%) 3 (17.6%) 1.41 (0.38–5.21)

Missing 4 3 1

HCV status

Negative 433 (99.8%) 415 (99.8%) 18 (100%) 1 0.39

Positive 1 (0.2%) 1 (0.2%) 0 7.49 (0.08–708.7)

Snorting drugs

No 243 (63.1%) 229 (62.2%) 14 (82.4%) 1 0.11

Yes 142 (36.9%) 139 (37.8%) 3 (17.6%) 0.35 (0.10–1.25)

Missing 49 48 1

Tattoo and piercing characteristics

Being a tattoo/piercing artist

No 345 (80.6%) 332 (80.8%) 13 (76.5%) 1 0.66

Yes 83 (19.4%) 79 (19.2%) 4 (23.5%) 1.29 (0.41–4.07)

Missing 6 5 1

Tattoo and piercing

Piercing 59 (13.6%) 58 (13.9%) 1 (5.6%) 1 0.19

Tattoo 114 (26.3%) 106 (25.5%) 8 (44.4%) 4.37 (0.53–35.9)

Tattoo and piercing 261 (60.1%) 252 (60.6%) 9 (50.0%) 2.07 (0.26–16.7)

Number of tattoos

No tattoo 59 (13.6%) 58 (13.9%) 1 (5.6%) 1 0.77

1–2 106 (22.4%) 101 (24.3%) 5 (27.8%) 2.87 (0.32–25.2)

3–4 91 (21.0%) 88 (21.2%) 3 (16.7%) 1.98 (0.20–19.5)

HBV/HCV and Tattoos/Piercings
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piercings were 5 (IQR 2–10) and 2 (IQR 2–4) respectively. The

median body surface reported by the participants as tattooed was

18% (IQR 9%–27%). Participants included at tattoo venues were

significantly more often men, older, with higher education, and

had a larger number of tattoos and piercings compared to the

participants who were included at the STI clinic.

Hepatitis B
In total 18/434 (4.2%, 95% CI; 2.64–6.46) participants were

found to be anti-HBc positive and were considered as having had a

HBV infection (Table 1). The country of birth of the anti-HBc

positives were; South-Africa, Aruba, Surinam (n= 7), Indonesia,

Germany, and the Netherlands (n= 7 of whom one had Ghanaian

parents and one had Vietnamese parents). Three of the 18 anti-

HBc-positive participants were chronic carriers (HBsAg positive),

which is 0.7% (3/434, 95% CI: 0.24–2.01) of the total study

population. In univariate analysis, older age, male sex, and born in

an HBV-endemic country were associated with anti-HBc seropos-

itivity (Table 1). None of the tattoo-related variables, including the

number of tattoos and piercings, percentage of the body surface

tattooed, having a tattoo in an HBV-endemic country or being a

tattoo artist, were significantly associated with HBV. In multivariate

analysis, older age and being born in an HBV-endemic country

were independently associated with anti-HBc seropositivity (OR

1.68; 95% CI: 1.03–2.75 per 10 years older and OR 7.39; 95% CI:

2.77–19.7 respectively). Tattoo artists appeared to be more likely to

have been vaccinated against HBV (self-reported) than those who

were not tattoo artists (OR 2.52; 95% CI: 1.49–4.24).

An additional analysis, conducted among tattoo and piercing

artists only, confirmed that none of the tattoo and/or piercing

variables were significantly associated with HBV. Restricting our

analysis to unvaccinated participants, again no tattoo- and/or

piercing-related variables were associated with HBV.

After sequencing the viral HBV DNA of the three chronic

carriers, two proved to be infected with genotype A. One of the

two was German, the other was Surinamese. Neither reported a

high number of lifetime sexual partners, but they did have multiple

tattoos (both N=15). The other chronic carrier was infected with

genotype B and of Indonesian ethnicity, with only a few tattoos

(N= 4) and a small number of lifetime sexual partners, and might

have been infected in the country of birth.

Hepatitis C
Only one participant was HCV infected (0.2%, 95% CI: 0.01–

1.29) with genotype 1a. This participant was a tattoo artist who

received a tattoo more than 100 times, and reported several other

potential risk factors for HCV, including needle-stick accidents. In

phylogenetic analysis, this strain did not cluster with MSM-, IDU-

specific or endemic clusters (data not shown).

Discussion

In this study, we did not find any association between tattoo or

piercing characteristics and HBV or HCV infection. The HCV

prevalence in this study was low (0.2%, 95% CI: 0.01–1.29) and

comparable to the prevalence of the general Dutch population (0.1–

0.4%) [23]. The HBsAg prevalence and anti-HBV prevalence in the

Netherlands are estimated to be 0.3–0.5% and 2.1% (95% CI: 1.6–

2.7), respectively [24,25]. In our study, the HBsAg and anti-HBc

prevalences were 0.7% and 4.2%, respectively, which is in line with

the estimates of the Amsterdam population (0.4%, 95% CI: 0.11–

0.72 and 9.9%, 95% CI: 1.0–8.0 respectively) which are somewhat

Total
Anti-Hbc
negative

Anti-Hbc
positive Univariate analysis P-value*

Multivariate
analysis P-value*

N=434 (%) N=416 (%) N=18 (%) OR (95% CI)

5–10 96 (22.1%) 92 (22.1%) 4 (22.2%) 2.52 (0.28–23.1)

.11 82 (18.9%) 77 (18.5%) 5 (27.8%) 3.77 (0.43–33.1)

% body surface tattooed

No tattoo 59 (13.6%) 58 (13.9%) 1 (5.6%) 1 0.61

1%–9% 116 (26.7%) 113 (27.2%) 3 (16.7%) 1.54 (0.16–15.1)

10%–18% 117 (27.0%) 110 (26.4%) 7 (38.9%) 3.69 (0.44–30.7)

19%–31.5% 68 (15.7%) 65 (15.6%) 3 (16.7%) 2.67 (0.27–26.5)

.31.5% 74 (17.0%) 70 (16.8%) 4 (22.2%) 3.31 (0.36–30.5)

Tattoo and/or piercing in HBV
endemic country

Tattoo/piercing in low endemic country 322 (74.2%) 310 (74.5%) 12 (66.7%) 1 0.46

Tattoo/piercing in endemic country 112 (25.8%) 106 (25.5%) 6 (33.3%) 1.46 (0.54–3.99)

Number of piercings

No piercing 114 (26.2%) 106 (25.5%) 8 (44.4%) 1 0.36

1 65 (15.0%) 64 (15.6%) 1(5.6%) 0.21 (0.03–1.69)

2 104 (24.0%) 99 (23.8%) 5 (27.8%) 0.68 (0.21–2.14)

3–4 72 (16.6%) 71 (17.1%) 1(5.6%) 0.19 (0.02–1.53)

$5 79 (18.2%) 76 (18.3%) 3 (16.6%) 0.52 (0.13–2.04)

Univariate and multivariate analysis logistic regression analysis.
#Men who have sex with men (MSM) and injecting drug users (IDU) are excluded;
*overall p- value.
doi:10.1371/journal.pone.0024736.t001

Table 1. Cont.

HBV/HCV and Tattoos/Piercings
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higher due to the higher migration rates in Amsterdam [26].

Comparing participants having a tattoo and participants not having

a tattoo in a population based survey in Amsterdam [26] we found

no differences in HBV and HCV prevalence between the two

groups (data not shown). The same accounts for the larger popula-

tion of participants in the biannual survey at the STI-outpatient

clinic, which is one of the recruitment sites (data not shown). Based

on these findings together with the fact that we did not found a dose-

response relationship between tattoo characteristics such as the

number of tattoos or piercings and the percentage body surface

tattooed and HBV or HCV infection, we conclude that people with

multiple tattoos and/or piercings are not a risk group for HBV or

HCV in the Netherlands.

HCV is mainly transmitted by blood-blood contact and main risk

factors in high income countries are IDU and receiving blood or

blood products before 1992 [1,27,28]. The transmission route for

HBV are blood-blood contact and sexual contact. The main risk

factors in low endemic counties are unsafe sex, and injecting drug use,

whereas in intermediate and high endemic countries most infections

are acquired perinatally or during early childhood [2]. Since most

anti-HBc positive participants (67%, adult first or second generation)

originated from intermediate or high endemic countries, and born in

an HBV endemic country was significantly associated with HBV, it is

likely that these participants were infected in the country of birth, and

not by sexual transmission in the Netherlands, which was more

expected in attendees of a STI outpatient clinic.

In Amsterdam, for two decades already, guidelines for hygienic

practices have been implemented in tattoo and piercing shops.

Based on the Amsterdam guidelines, the Dutch government

implemented a nationwide law in June 2007 that states that all

tattoo and piercing shops in the Netherlands are obliged to have a

licence, which has to be obtained yearly and has to be permitted by

a local Public Health Service [14,29]. Since most participants

included in this study were living in the region of Amsterdam

(74.2%), it is possible that the transmission of HBV and HCV

originating in tattoo and piercing shops in Amsterdam has been

curtailed by the early implementation of hygienic guidelines. An

alternative explanation is that the probability of introduction of

HBV and HCV in the tattoo population might be very small due to

the low HBV/HCV prevalence in the general Dutch population.

In the Netherlands, having a tattoo or piercing is currently

defined as a risk factor for HBV/HCV and screening for the

presence of both viruses in this group is recommended [30].

However, our findings suggest that for persons having a tattoo or

piercing in a country where guidelines for hygiene practices have

been available for a considerable time period, this screening

should not routinely be advised.

Arcari et al. [4] concluded in their review that in most studies

IDU is a major confounding factor. Most often, when there is an

association found, there is no information available about the

tattoo venue and other tattoo characteristics (e.g. number) in these

studies [4] and therefore residual confounding could play a role.

To our best knowledge, our study is the only study worldwide

exclusively performed in people with multiple tattoos and piercings

who were not IDU or MSM. The fact that we did not find any

association suggests that residual confounding might indeed have

played a role in previous studies. However, our findings do not

apply to populations with a high HBV/HCV prevalence or to

countries without hygiene guidelines.

In conclusion, in low HBV/HCV-endemic countries where strict

hygiene guidelines for tattoo and piercing practices have been

implemented, like in the Netherlands, tattoo and piercing practices

are not associated with HBV/HCV infection and people with

tattoos and/or piercings should not be advised to be screened for

HBV and HCV in order to trace undiagnosed infections. We

recommend low and high endemic countries to implement hygienic

guidelines for tattoo and piercing shops, including permanent make-

up salons, to decrease the potential risk of HBV and HCV

transmission. More studies are needed to generalize our findings,

and should be conducted exclusively among people with multiple

tattoos and piercings in both low and high endemic countries that

exclude IDU and MSM but include information on tattoo and

piercing practices, as well as hygiene guidelines.

Acknowledgments

Preliminary data presented at the 11th International Hepatitis C

Conference, Manchester, UK November 2009.

The authors would like to thank the PHSA nurses, doctors, and

interviewers who recruited the participants, in particular A. Kok who set

up the logistics of the first recruitment round at the tattoo convention, the

Public Health Laboratory under supervision of A. Speksnijder for analysing

the samples, T. van de Laar for sequencing the HCV sample, R.B. Geskus

for critically reading the statistical part of the manuscript, and S.T. Landry

for editing the final manuscript. Finally, this study could not have been

performed without the help of the study participants.

Author Contributions

Analyzed the data: ATU LJdB. Contributed reagents/materials/analysis

tools: RvH. Wrote the paper: ATU MP RAC. Collected the data: AB TH

ATU LJdB. Designed the study: MP TH AvdH.

References

1. Lauer GM, Walker BD (2001) Hepatitis C virus infection. N Engl J Med 345:

41–52.

2. Lavanchy D (2004) Hepatitis B virus epidemiology, disease burden, treatment, and

current and emerging prevention and control measures. J Viral Hepat 11: 97–107.

3. Stam C, Schoots W (2005) Tatoeages en piercings, Stichting Consument en

Veiligheid, 2005.

4. Arcari CM, Alter MJ (2008) Controversies in HCV transmission: from tattoos to

barbershops. Hot topics in VIral Hepatitis 11: 19–27.

5. Hyams KC, al-Arabi MA, al-Tagani AA, Messiter JF, al-Gaali AA, et al. (1989)

Epidemiology of hepatitis B in the Gezira region of Sudan. Am J Trop Med Hyg

40: 200–206.

6. Ko YC, Lan SJ, Chang PY (1990) An increased risk of hepatitis B virus infection

from tattooing in Taiwan. Gaoxiong Yi Xue Ke Xue Za Zhi 6: 237–243.

7. Limentani AE, Elliott LM, Noah ND, Lamborn JK (1979) An outbreak of

hepatitis B from tattooing. Lancet 2: 86–88.

8. Goldman M, Xi G, Yi QL, Fan W, O’Brien SF (2009) Reassessment of deferrals

for tattooing and piercing. Transfusion 49: 648–654.

9. Silverman AL, Sekhon JS, Saginaw SJ, Wiedbrauk D, Balasubramaniam M,

et al. (2000) Tattoo application is not associated with an increased risk for

chronic viral hepatitis. Am J Gastroenterol 95: 1312–1315.

10. de Nishioka SA, Gyorkos TW, Joseph L, Collet JP, Maclean JD (2003) Tattooing

and transfusion-transmitted diseases in Brazil: a hospital-based cross-sectional

matched study. Eur J Epidemiol 18: 441–449.

11. Dhalla S, Tenner CT, Aytaman A, Shukia NB, Villanueva G, et al. (2007)

Strong association between tattoos and hepatitis C virus infection:

a Multicenter study of 3,871 patients, Poster no 136, Boston, U.S.A. AASLD

2007.

12. Jafari S, Copes R, Baharlou S, Etminan M, Buxton J (2010) Tattooing and the

risk of transmission of hepatitis C: a systematic review and meta-analysis.

Int J Infect Dis 14: e928–e940.

13. Nishioka SA, Gyorkos TW, Joseph L, Collet JP, Maclean JD (2002) Tattooing

and risk for transfusion-transmitted diseases: the role of the type, number and

design of the tattoos, and the conditions in which they were performed.

Epidemiol Infect 128: 63–71.

14. Worp J, Boonstra A, Coutinho RA, van den Hoek JA (2006) Tattooing,

permanent makeup and piercing in Amsterdam; guidelines, legislation and

monitoring. Euro Surveill 11: 34–36.

15. Urbanus AT, van de Laar TJ, Stolte IG, Schinkel J, Heijman T, et al. (2009)

Hepatitis C virus infections among HIV-infected men who have sex with men:

an expanding epidemic. AIDS 23: F1–F7.

HBV/HCV and Tattoos/Piercings

PLoS ONE | www.plosone.org 5 September 2011 | Volume 6 | Issue 9 | e24736



HCV epidemiology among subpopulations in the general Dutch population

113

3

16. Heijman RL, Stolte IG, Thiesbrummel HF, van LE, Coutinho RA, et al. (2009)

Opting out increases HIV testing in a large sexually transmitted infections

outpatient clinic. Sex Transm Infect 85: 249–255.

17. Van Houdt R, Bruisten SM, Koedijk FD, Dukers NH, Op de Coul EL, et al.

(2007) Molecular epidemiology of acute hepatitis B in the Netherlands in 2004:

nationwide survey. J Med Virol 79: 895–901.

18. van de Laar TJ, Koppelman MH, van der Bij AK, Zaaijer HL, Cuijpers HT,

et al. (2006) Diversity and origin of hepatitis C virus infection among unpaid

blood donors in the Netherlands. Transfusion 46: 1719–1728.

19. Centers for Disease Control and Prevention website. (2010) Geographic

distribution of chronic hepatitis B virus (HBV) infection-worldwide 2006.

Available: http://www.cdc.gov/hepatitis/HBV/PDFs/HBV_figure3map_08-

27-08.pdf. Accessed 2010 May 3.

20. Shepard CW, Finelli L, Alter MJ (2005) Global epidemiology of hepatitis C virus

infection. Lancet Infect Dis 5: 558–567.

21. Newcombe RG (1994) Confidence intervals for a binomial proportion. Stat Med

13: 1283–1285.

22. Heinze G, Schemper M (2002) A solution to the problem of separation in logistic

regression. Stat Med 21: 2409–2419.

23. Gezondheidsraad: Commissie Hepatitis C (1997) Opsporing en behandeling van

mensen met hepatitis C. Publicatienr: 1997/19.

24. Marschall T, Kretzschmar M, Mangen MJ, Schalm S (2008) High impact of

migration on the prevalence of chronic hepatitis B in the Netherlands.
Eur J Gastroenterol Hepatol 20: 1214–1225.

25. van Marrewijk CM, Veldhuijzen IK, Conyn-van Spaendonck MAE, Kooy H,

van den Hof S, et al. (1999) Prevalence of hepatitis B viral markers in the Dutch
population: a population-based serosurveillance study (Pienter project), Infectie-

ziektenbulletin, RIVM, jaargang 10, nummer 9. pp 182–184. http://www.rivm.
nl/infectieziektenbulletin/bul109/sero.html.

26. Baaten GG, Sonder GJ, Dukers NH, Coutinho RA, Van den Hoek JA (2007)

Population-based study on the seroprevalence of hepatitis A, B, and C virus
infection in Amsterdam, 2004. J Med Virol 79: 1802–1810.

27. van de Laar TJ, Koppelman MH, van der Bij AK, Zaaijer HL, Cuijpers HT,
et al. (2006) Diversity and origin of hepatitis C virus infection among unpaid

blood donors in the Netherlands. Transfusion 46: 1719–1728.
28. Zuure FR, Davidovich U, Coutinho RA, Kok G, Hoebe CJ, et al. (2011) Using

mass media and the Internet as tools to diagnose hepatitis C infections in the

general population. Am J Prev Med 40: 345–352.
29. [Anonymous] (2010) Landelijk Centrum Hygiëne en Veiligheid. Hygiënerich-
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