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Abstract

Background: While the numbers of hepatitis-C-virus (HCV) infections among men who have sex with men (MSM)
who are co-infected with the human immunodeficiency virus (HIV) are on the rise, with vast evidence for sexual
transmission of HCV in this population, concerns have also been raised regarding sexual HCV-transmission among
MSM without HIV infection. Therefore, the aim of this study was to estimate the prevalence of hepatitis C among
MSM without HIV diagnosis in Zurich (Switzerland).

Methods: Participants were recruited from a gay health centre and various locations such as dark rooms, saunas
and cruising areas in Zurich. Participants self-completed a questionnaire assessing known and suspected risk factors
for HCV-infection, and provided a blood sample for detection of past (antibodies) and present (core antigen, RNA)
infections with HCV.

Results: In total, 840 MSM aged 17-79 (median: 33 years) underwent HCV-testing and completed the questionnaire,
among whom 19 reported living with HIV. Overall, seven tested positive for HCV-antibodies, and two were also
positive for HCV core antigen and HCV-RNA–these two were immigrants, one from a country where HCV is
endemic. None of the seven were aware of their infection. The seroprevalence of hepatitis C among the 821
non-HIV-diagnosed MSM was 0.37% (95%-CI: 0.12-1.69%), and one man harboured replicating virus (0.12%; 0.02-0.69%),
resulting in a number needed to test of 821 to detect one active infection. Significant univariable associations of lifetime
HCV-infection were found with known HIV-diagnosis (OR=72.7), being tattooed (OR=10.4), non-injection use of cocaine/
amphetamines (OR=8.8), and non-Swiss origin (OR=8.5). For MSM without HIV-diagnosis, the only variable marginally
associated with positive HCV-serostatus was being tattooed (OR=8.3). No significant associations were observed with
reported injection drug use, unprotected anal intercourse, sexual practices that may lead to mucosal trauma, or proxy
measures for group sex and lesion-prone STIs.

Conclusions: Our findings suggest that in Switzerland, hepatitis C among MSM without diagnosed HIV is not more
prevalent than in the general population. We found no evidence of elevated rates of sexual transmission of HCV
among MSM without HIV-infection. Therefore, we currently see no reason for promoting HCV-testing among all MSM
in Switzerland.
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Background
In Switzerland, a yearly average of 1500 new diagnoses
of active hepatitis C virus (HCV) infections (positive for
HCV core antigen and PCR) was reported for the years
2010-2012 (18.7/100000 inhabitants) [1]. The number
of people in Switzerland living with HCV is difficult to
estimate; however the proportion exposed to the virus
(anti-HCV prevalence) has been estimated to be 0.7%-1.0%,
based on testing blood donors and pregnant women [2].
Models that take the non-representativeness of these sub-
populations into account have suggested that the true anti-
HCV prevalence in the Swiss general population might be
between 1.25% and 1.75% [3]. 75% of individuals infected
with HCV develop chronic infection, which is linked to
the development of hepatic fibrosis, cirrhosis and he-
patocellular carcinoma [4].
Percutaneous exposures to blood, such as blood trans-

fusion, injection drug use (IDU), unsterile tattooing and
body piercings are well-established primary sources of
HCV infection [5,6], and there is increasing evidence
that non-injection drug use (NIDU) such as intranasal
cocaine is an independent risk factor for hepatitis C. There
is vast evidence that hepatitis C is extremely rarely trans-
mitted via sexual contact among HCV-serodiscordant
heterosexual couples [7-11]. However, in the last decade,
outbreaks of HCV-infection have been documented among
HIV-positive men who have sex with men (MSM) [12-22].
Data from the CASCADE study, including HIV-infected
MSM from eleven HIV seroconverter cohorts in eight
European countries and one such cohort in Canada [23],
showed that HCV incidence increased 4-to 6-fold between
1995 and 2007. Also, a recent Swiss HIV Cohort Study
(SHCS) publication has demonstrated that HCV incidence
increased 18-fold among HIV-positive MSM between 1998
and 2011 [24].
The exact modes of non-IDU related HCV transmission

among HIV positive MSM are still a matter of debate.
While several studies have identified group sex, traumatiz-
ing sexual practices, and receptive fisting as risk factors
for hepatitis C, and while there is little doubt that sexual
practices involving blood contact can facilitate transmis-
sion of a blood-borne virus such as HCV [13,18,25], the
role of contaminated seminal fluid for HCV transmission
is still debated [6,25-29]. Lately, a few cases of possibly
sexually acquired HCV infection among MSM without
HIV infection have been reported in the Netherlands [30],
and concerns have been raised that the HCV epidemic
among HIV-positive MSM could expand to MSM without
HIV infection [31]. MSM as such are often considered to
be at higher risk for HCV compared to the heterosexual
general population, and some authors have recommended
routine screening of MSM in Switzerland [32,33].
Very little is known about the prevalence of HCV in

non-HIV-positive MSM living in Switzerland, as there is

a dearth of systematic epidemiologic studies. Notification
forms in Switzerland include the gender of sexual partners,
but no MSM-specific epidemiological data have been pub-
lished. Such analyses from Germany have shown that HCV
notifications for MSM have been increasing over the last
decade; however, as is the case in Swiss surveillance, data
on HIV serostatus are not routinely collected as part of
German hepatitis C notification [34]. Therefore the aim of
the present study was to narrow this gap by estimating the
prevalence of current and past HCV infection among non-
HIV-diagnosed MSM in Switzerland and–if applicable–to
identify potential risk factors for HCV infection.

Methods
Recruitment
Checkpoint Zurich is a gay health project run by gay
men that started in 2006. Clients can test for HIV and
syphilis (using rapid point of care tests) and for asymp-
tomatic bacterial sexually transmitted infections (STIs)
such as pharyngeal and rectal gonorrhoea or chlamydiosis.
Checkpoint Zurich employs medical staff for hepatitis
A and B vaccinations, clinical examinations, medical
counselling, post-exposure prophylaxis to prevent HIV
infection, and medical treatment for HIV and other
STIs. In 2007, Checkpoint Zurich initiated new outreach
strategies (“Checkpoint Mobile”) across various locations
(dark rooms, saunas, motorway rest stops, and private sex
parties), offering on-site testing for HIV and/or syphilis
[35]. Overall, both services demonstrated high levels of
acceptance and demand in the Swiss MSM community.
From January 2009 to July 2010, MSM clients visiting

Checkpoint Zurich to test for HIV and/or syphilis, and
MSM approached through Checkpoint Mobile were asked
to participate in the present study. After obtaining detailed
study information by specially trained male gay nurses
or fieldworkers, and after providing written consent to
be tested for these infections, participants self-completed
an anonymous paper and pencil questionnaire covering
detailed sexual practices, other potential exposures for
HCV infection such as injection drug use (IDU) or non-
injection drug use (NIDU) of cocaine/amphetamines,
tattoos, piercings, previous blood transfusions, and previ-
ous diagnosis of HIV or other STIs. All men provided a
venous blood sample, to be used for syphilis and HIV
rapid tests (at Checkpoint Zurich) and subsequently sent
to the University Hospital of Zurich for HCV screening.
While HCV-testing was free of charge, 30 Swiss Francs
was charged for the combined HIV and syphilis test.
Participants were given a printed single identifier to

use when calling Checkpoint Zurich to receive their test
results for hepatitis C (or, in the case of Checkpoint Mobile
clients, to use when receiving personal post-test HIV coun-
selling at Checkpoint Zurich). In case of positive test results
for any of the three infections, participants were offered
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further assistance, information and psychological support
and treatment at Checkpoint Zurich, if indicated.

Serology
HCV-screening was performed at the Clinic of Immunology,
University Hospital of Zurich, by parallel testing for anti-
bodies against HCV and HCV core antigen (ARCHITECT®
Anti-HCV; and ARCHITECT® HCV Ag; Abbott, Wiesbaden,
Germany). All specimens that were reactive or borderline
reactive for either antigen or antibody were confirmed by
quantitative HCV PCR (COBAS® AmpliPrep/ COBAS®
TaqMan® HCV, v2.0, Roche Basel, Switzerland). HIV
and Syphilis rapid test results were not entered into
the database and are thus not reported in this analysis.

Self-reported measures
As on-site recruitment required efficient data collec-
tion, questions were kept simple, mostly with binary
response options.
HIV status was queried as “positive”, “negative”,

“unknown” and “I don’t want to say”. For their lifetime
history of STI diagnoses, participants could indicate
whether they had had syphilis, urethral gonorrhoea, rectal
gonorrhoea, pharyngeal gonorrhoea, chlamydial infection,
genital herpes, genital or anal warts, hepatitis A, hepatitis B,
hepatitis C, and “others”. Where appropriate, colloquialisms
for STIs were used.
Drug use was queried as “Do you use injection drugs?”,

“Do you take cocaine/speed?”, “… ecstasy”, “… cannabis”,
“… poppers”. As for other known exposure risks for HCV
infection, participants could indicate if they had had a
blood transfusion prior to 1985, been tattooed, pierced,
had their penis pierced, and whether tattooing or piercing
was performed in Switzerland or abroad.
Unprotected anal intercourse (UAI) was queried as

“Do you practice unprotected anal intercourse?”, and answer
options (Yes/No) referred to “with my steady partner”, “with
known casual partners”, and “with anonymous partners”.
To address bleeding associated with sexual inter-

course, a filter question was included asking whether
participants engaged in “hard” sexual practices that
may lead to bleeding. This filter question was followed
by a list of various sexual behaviours, to be checked as
active and/or passive, including fisting, whipping,
genital torture, dildo usage and anal dilatation, enema
and catheterisation. It was further asked where and
with what type of sexual partner “hard” sexual practices
were performed.

Constructed measures
Participants’ countries of origin were grouped accord-
ing to the latest published data on prevalence of HCV-
antibodies in the general population: <1.5%; 1.5-3.5%
(including Switzerland); >3.5% [36].

To construct a proxy measure for STIs that have been
associated with HCV transmission in other studies [29]
we combined lifetime history of syphilis, rectal gonorrhoea,
and chlamydial infection, and labelled this proxy measure
“lesion-prone STIs”.
We constructed a proxy measure for “group sex” by

combining (a) reports of 10 or more sexual partners in the
past 12 months with (b) reports of engaging in “hard”
practices (see above) in sex clubs or at private sex parties.

Statistical analyses
Except for age and the number of sexual and UAI partners
in the last 12 months, all variables were either originally
binary or later dichotomized. Fisher’s exact test was used
to compare groups of men with and without HCV-
antibodies, as the number of men with HCV was below
20. For all analyses, a p value less than 0.05 or odds ratios
(OR) with a 95% confidence interval (CI) not including “1”
were considered statistically significant. Under the as-
sumption that HCV seroprevalence in this sample was 1%
and that 10% of HCV negative men had been exposed to
HCV transmission, power calculations showed the study
would have a power of 80% to detect an OR of 6.0 for the
association of HCV seropositivity with risky behaviour.
Power calculations were performed with G*Power 3.1
[37]. Confidence intervals of proportions were calculated
according to Newcombe et al. 1998 [38]. All other analyses
were performed using IBM® SPSS® Statistics, Version 20.

Ethical approval
The Ethics Commission of the Canton of Zurich,
Switzerland, approved the study (EK-1715); and further
approval for Checkpoint Mobile recruitment was obtained
from the owners and operators of the targeted locations.

Results
Study participants
Out of 884 men approached, 845 (95.6%) provided a blood
sample and informed consent regarding HCV-testing, and
usage of their anonymous data for scientific purposes. Five
questionnaires were excluded due to missing values in 5
or more key variables; the analytic sample thus consisted
of n = 840 study participants (95.0%).
No information was systematically collected as to

whether clients were recruited at Checkpoint Zurich or
via Checkpoint Mobile; however, field workers estimate
that the latter accounted for one quarter of participants.
Nineteen individuals (2.3% of the analytic sample) re-

ported a diagnosis of HIV; and of the remaining 821
men without known HIV infection, 579 (70.5%) were
self-reportedly HIV-negative, 188 (22.9%) said they did
not know their current HIV status, and 54 (6.6%) did
not want to disclose it. Socio-demographic and other health
and behaviour-related characteristics of study participants
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are shown in Table 1, both for the total sample and separ-
ately for men with and without HIV diagnosis. Participants’
age ranged from 17 to 79 years with a median of 33 years.
178 (21.2%) had a country of origin other than Switzerland;
and 9 (1.1%) originated from countries where HCV is
endemic (>3.5%–including four men from China and
three from Turkey).
Blood transfusions prior to 1985 were reported by 11

men (1.3%) and solely by individuals born before 1980,
underlining the plausibility of the answers given. The
question on IDU garnered the highest number of miss-
ing responses (n = 176; 21%); however this missingness
was equally distributed across HIV diagnosis and HCV
infection, respectively.
Except for blood transfusion and piercing, all suspected

HCV-related risk factors such as IDU, NIDU (particularly
consumption of cocaine/amphetamines), receptive fisting,
UAI with anonymous partners, as well as proxy measures
for group sex and lesion-prone STIs were more pronounced
among HIV-diagnosed MSM (Table 1).

Prevalence of hepatitis C and number needed to test
Evidence for acute or chronic infection with HCV was
found in 2 individuals (positive for HCV antibodies, HCV
antigen and HCV PCR), and 5 individuals had cleared their
infection (positive for HCV antibodies but negative for
HCV antigen and HCV PCR), resulting in an overall
anti-HCV prevalence of 0.83% (n = 7; 95%-CI: 0.40-1.71%).
None of the 7 individuals with HCV antibodies reported
a diagnosis of hepatitis C in the past–suggesting they
were unaware of their (past) infection, and suggesting
that clearance of HCV infection was spontaneous and
not due to medical treatment.
Among MSM not diagnosed with HIV, one individual

showed evidence of active (acute or chronic) HCV infec-
tion, and two had spontaneously cleared their infection,
resulting in an anti-HCV prevalence of 0.37% (n = 3; 95-CI:
0.12-1.07%). The number of non-HIV-diagnosed MSM
Checkpoint clients needed to test in order to detect one
active HCV infection (NNT) was 821 (95%-CI: 146-4545).
Among all participants, 450 (53.6%) reported at least

one of the following: NIDU of cocaine/amphetamines,
being tattooed, being pierced, receptive fisting, group sex
(proxy measure), or a history of lesion-prone STIs. If only
this sub-group were to be screened for HCV, the NNT
would be reduced to 225 individuals (95%-CI: 62-820).
However with HIV-diagnosed MSM excluded from this
sub-group, the NNT would be 433 (77-2439). Figure 1
shows the NNT in various scenarios for targeted HCV-
testing, based on the analytic sample.
All three anti-HCV positive individuals without known

HIV infection–aged 24, 28, and 60 years–denied both
IDU (no missing responses, see above) and NIDU, reported
no history of blood transfusion prior to 1985, fisting, group

sex (proxy measure), lesion-prone STIs, or engaging in
“hard” sexual practices that may lead to bleeding. The
two younger men reported being tattooed, and the indi-
vidual with the active HCV infection had been tattooed
abroad–possibly in the Czech Republic, his country of
origin. (The HCV prevalence in the Czech Republic is
estimated to be 1.5%-2.0% [2]).

Factors associated with lifetime HCV-prevalence
In a univariable analysis (Table 2; n = 840), the following
factors were significantly associated with anti-HCV sero-
positivity: being diagnosed with HIV (OR = 72.7), being
tattooed (OR = 10.4), NIDU of cocaine/amphetamines
(OR = 8.8), and non-Swiss origin (OR = 8.5). None of
the four individuals co-infected with HIV and HCV
(0.5% or the analytic sample) was of Swiss origin, but came
from Brazil, China, Spain, and Italy, countries where HCV
is more prevalent than in Switzerland [2,36].
In the univariable analysis among non-HIV-diagnosed

MSM (Table 2), being tattooed was marginally associated
with HCV infection (OR = 8.3).
No significant associations were found between HCV-

antibody positivity and age, past blood transfusions, being
pierced or genitally pierced, IDU, number of sexual part-
ners, number of UAI partners, UAI episodes, fisting, other
“hard” sexual practices that may lead to bleeding, group
sex (proxy measure), syphilis, or lesion-prone STIs.

Discussion
Prevalence of HCV and lack of evidence for sexual
transmission among non-HIV-diagnosed MSM
In a sample of 821 non-HIV-diagnosed MSM recruited
at a gay health centre in Zurich (Switzerland), we found
an anti-HCV prevalence of 0.37% (0.12-1.69%); and a
prevalence of active (acute or chronic) HCV infection of
0.12% (0.02-0.69%). To our knowledge, this is the first
study to look at the prevalence of hepatitis C among
non-HIV-diagnosed MSM in Switzerland. Although the
level of reported sexually risky behaviours (UAI with dif-
ferent types of partners, numbers of sexual partners) and
related indicators such as lifetime history of gonorrhoea
and syphilis was substantial and comparable with other
surveys on MSM in Switzerland [40], we found no evidence
for elevated rates of sexual transmission of HCV in this
population. Instead, being tattooed was marginally associ-
ated with a positive HCV serostatus, even when controlling
for potential confounding factors. However, questions have
been raised as to whether such associations might be due
to residual confounding, as for low HCV-endemic countries
such as Switzerland strict hygiene guidelines for tattoo and
piercing studios have been implemented [41].
Overall, our results correspond well with previously

published prevalence estimates from Sydney (Health in
Men study), where 7 out of 824 HIV-negative men aged
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Table 1 Hepatitis C prevalence, socio-demographic, behavioural, and sexual health related sample characteristics,
stratified by HIV diagnosis, in a sample of men who have sex with men from Zurich

Characteristic Total No known HIV infection HIV diagnosed

n = 840 n = 821 n = 19

Hepatitis C prevalence % (95%-CI) n % (95%-CI) n % (95%-CI) n

Antibody* 0.8 (0.4-1.7) 7 0.4 (0.12-1.1) 3 21.1 (8.5-43.3) 4

Antigen* 0.2 (0.1-0.9) 2 0.1 (0.02-0.7) 1 5.3 (0.9-24.6) 1

Age Years Years Years

Range 17-79 17-79 19-59

25%-, 50%-, 75%-quartiles 26, 33, 41 26, 33, 41 33, 38, 47

Country of origin % (95%-CI1) n % (95%-CI) n % (95%-CI) n

By nationality

Swiss 70.4 (67.2-73.3) 591 70.6 (67.4-73.6) 580 57.9 (36.3-76.9) 11

Non-Swiss 21.2 (18.6-24.1) 178 21.0 (18.3-23.9) 172 31.6 (15.4-54.0) 6

Unknown 8.5 (6.8-10.5) 71 8.4 (6.7-10.5) 69 10.5 (2.9-31.4) 2

By national HCV prevalence2

< 1.5% 3.5 (2.4-4.9) 29 3.3 (2.3-4.7) 27 10.5 (2.9-31.4) 2

1.5-3.5% (incl. Switzerland) 87.0 (84.6-89.1) 731 87.3 (84.9-89.4) 717 73.7 (51.2-88.2) 14

> 3.5% 1.1 (0.6-2.0) 9 1.0 (0.5-1.9) 8 5.3 (0.9-24.6) 1

Unknown 8.5 (6.8-10.5) 71 8.4 (6.7-10.5) 69 10.5 (2.9-31.4) 2

Blood exposures Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n

Blood transfusion before 1985 1.3 (0.7-2.4) 11 1.4 (0.8-2.4) 11 0.0 (0.0-16.8) 0

Piercing 24.7 (21.8-27.8) 198 24.5 (21.6-27.7) 192 31.6 (15.4-54.0) 6

Performed abroad 6.1 (4.6-7.9) 51 6.0 (4.5-7.8) 49 10.5 (2.9-31.4) 2

Genital piercing 2.8 (1.8-4.2) 22 2.7 (1.8-4.1) 21 6.2 (1.1-28.3) 1

Tattoo 19.9 (17.2-23.0) 145 19.6 (16.8-22.7) 139 35.3 (17.3-58.7) 6

Performed abroad 7.9 (6.2-9.9) 66 7.7 (6.0-9.7) 63 15.8 (5.5-37.6) 3

Current drug use Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n

IDU3 3.3 (2.2-5.0) 22 3.1 (2.0-4.7) 20 13.3 (3.7-37.9) 2

NIDU of cocaine / amph.4* 13.6 (11.3-16.3) 99 12.8 (10.6-15.5) 91 47.0 (26.2-69.0) 8

Ecstasy* 12.2 (10.0-14.8) 87 11.8 (9.6-14.4) 82 31.3 (14.2-55.6) 5

Cannabis* 20.4 (17.6-23.4) 151 19.8 (17.1-22.9) 144 46.7 (24.8-69.9) 7

Any of the above* 50.0 (46.6-53.4) 412 48.9 (45.5-52.4) 394 94.7 (75.4-99.1) 18

(Continued) Total No known HIV infection HIV diagnosed

n = 840 n = 821 n = 19

Sexual partners last year Number Number Number

Range 0-500 0-500 0-200

25%-, 50%-, 75%-quartiles 4, 6, 15 4, 6, 12 10, 20, 50

Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n

More than 10 sexual partners* 30.1 (27.1-33.3) 250 29.2 (26.2-32.4) 237 68.4 (46.0-84.6) 13

UAI5 partners last year Number Number Number

Range 0-200 0-60 0-200

25%-, 50%-, 75%-quartiles 0, 1, 1 0, 1, 1 0, 1, 6

Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n

More than 10 UAI partners* 1.1 (0.6-2.0) 9 0.6 (0.3-1.4) 5 21.1 (8.5-43.3) 4

UAI episodes last year Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n
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18-75 years (0.85%) tested positive for HCV antibodies
[42]. As in the Australian study, we found no associa-
tions between HCV seropositivity and sexual practices
that could have plausibly facilitated blood exposure,
such as UAI and fisting. However, in a later longitu-
dinal analysis, the Australian researchers found five
HIV-negative men who seroconverted to HCV positivity
(incidence of 0.11 per 100 person-years). Only one sero-
converter reported IDU, four reported sexual contact
with HIV-positive men, and two had an incident ulcera-
tive sexually transmitted infection [43].
In the Montreal-based Omega cohort study of HIV-

negative MSM, despite an anti-HCV baseline prevalence
of 2.9%, only 1 seroconversion was identified (incidence

of 0.038 per 100 person-years), and this infection could
be attributed to IDU. The authors concluded that sexual
transmission of HCV among non-HIV-diagnosed MSM
appeared to be rare in 2001 [44]. Based on 1,699 non-
IDU MSM recruited in public health clinics in Seattle,
San Diego, and New York City, a low (1.5%) prevalence
of anti-HCV did not “support routine HCV testing of
all MSM” [45].
In a recent study conducted in London, the anti-HCV

prevalence among 965 HIV-negative men was 1.2%
(0.6-2.1%) and thus “higher, but not significantly higher,
than that in the general population (0.67%)” [46]. Although
the prevalence estimate among HIV-negative men in
London was three times higher than in our Zurich sample,

Table 1 Hepatitis C prevalence, socio-demographic, behavioural, and sexual health related sample characteristics,
stratified by HIV diagnosis, in a sample of men who have sex with men from Zurich (Continued)

With steady partner* 48.5 (45.1-52.0) 384 49.1 (45.6-52.6) 380 23.5 (9.6-47.2) 4

With known casual partners 25.1 (22.2-28.2) 201 24.9 (22.0-28.1) 195 33.3 (16.3-56.3) 6

With anonymous partners* 11.8 (9.7-14.3) 92 11.3 (9.3-13.8) 86 31.6 (15.4-54.0) 6

“Hard” sexual practices*6

Any that might lead to bleeding 12.1 (10.1-14.5) 102 11.7 (9.7-14.1) 96 31.6 (15.4-54.0) 6

Fisting, receptive* 4.0 (2.9-5.6) 34 3.8 (2.7-5.3) 31 15.8 (5.5-37.6) 3

Dildo usage, receptive 6.9 (5.4-8.8) 58 6.7 (5.2-8.6) 55 15.8 (5.5-37.6) 3

Anal dilatation, receptive 2.3 (1.5-3.5) 19 2.1 (1.3-3.3) 17 10.5 (2.9-31.4) 2

Enema, receptive 1.2 (0.6-2.2) 10 1.1 (0.6-2.1) 9 5.3 (0.9-24.7) 1

Catheterisation, receptive 1.2 (0.6-2.2) 10 1.2 (0.6-2.2) 10 0.0 (0.0-16.8) 0

With steady partner 6.9 (5.3-8.8) 57 6.7 (5.2-8.6) 54 15.8 (5.5-37.6) 3

With known casual partners 11.3 (9.3-13.6) 94 10.9 (8.9-13.2) 89 26.3 (11.8-48.8) 5

With anonymous partners* 5.9 (4.5-7.7) 49 5.5 (4.2-7.3) 45 21.1 (8.5-43.3) 4

At home 12.6 (10.6-15.1) 105 12.3 (10.2-14.7) 100 26.4 (11.9-48.9) 5

At private sex parties* 4.6 (3.4-6.3) 38 4.2 (3.0-5.8) 34 21.1 (8.5-43.4) 4

In sex clubs* 6.9 (5.4-8.8) 57 6.3 (4.8-8.2) 51 31.6 (15.4-54.0) 6

In cruising areas* 3.4 (2.4-4.9) 28 3.1 (2.1-4.5) 25 15.8 (5.5-37.6) 3

Group sex7* 5.4 (4.0-7.1) 45 4.9 (3.6-6.6) 40 26.3 (11.8-48.8) 5

Lifetime history of STIs8 Valid% (95%-CI) n Valid% (95%-CI) n Valid% (95%-CI) n

Urethral gonorrhea* 20.2 (17.6-23.1) 168 19.6 (17.0-22.5) 159 47.4 (27.4-68.3) 9

Rectal gonorrhea 1.7 (1.0-2.8) 14 1.6 (0.9-2.7) 13 5.3 (0.9-24.7) 1

Pharyngeal gonorrhea 1.5 (0.9-2.6) 13 1.6 (0.9-2.7) 13 0.0 (0.0-16.8) 0

Chlamydial infection* 10.9 (9.0-13.2) 91 10.5 (8.6-12.8) 85 31.6 (15.4-54.0) 6

Syphilis* 8.1 (6.4-10.1) 68 7.1 (5.5-9.1) 58 52.6 (31.7-72.6) 10

Hepatitis A 2.2 (1.4-3.4) 18 2.0 (1.2-3.2) 16 10.5 (2.9-31.4) 2

Hepatitis B* 2.3 (1.5-3.5) 19 1.8 (1.1-3.0) 15 21.1 (8.5-43.4) 4

Genital herpes 2.5 (1.6-3.8) 21 2.4 (1.6-3.7) 20 5.3 (0.9-24.7) 1

Genital or anal warts* 7.8 (6.2-9.8) 65 7.2 (5.6-9.2) 59 31.6 (15.4-54.0) 6

Lesion-prone STIs9* 18.2 (15.8-21.0) 153 17.2 (14.7-19.9) 141 63.2 (41.1-80.9) 12

*Fisher’s exact test <0.05; 1CI: confidence interval; 2National HCV prevalence according to Modh Hanafiah et al. 2012 [36]; 3IDU: injection drug use; 4NIDU of
cocaine/amph.: non-injection drug use of cocaine or amphetamines; 5UAI: unprotected anal intercourse; 6“Hard” sexual practices that may lead to bleeding; 7group
sex: defined as reporting 10 or more sexual partners in the past 12 months and engaging in “hard” practices (see above) in sex clubs or at private sex parties;
8STIs: sexually transmitted infections; 9Lesion-prone STIs: syphilis, rectal gonorrhoea, or chlamydial infection.
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the authors recommend selective, not routine, HCV-testing
among MSM according to the individual risk profile.
A recently published systematic review of studies on

HCV-incidence among MSM concluded that the pooled
incidence measure for HIV-negative MSM “is low and
approximates that seen in the heterosexual population,
where screening is not recommended” [47]. The authors
further suggest validating “the use of factors, such as
at-risk sexual behaviour and the serology of sexual
partners which are not always considered in medical
assessments for targeting routine HCV-screening in
HIV-negative MSM populations”.
In the Australian Trial in Acute Hepatitis C (ATAHC),

sexual transmission among HIV-uninfected individuals
“was unusual but was almost always in the context of
contact with a known HCV-infected partner” [48].
Multiple studies have investigated the associations be-

tween HCV and UAI to identify possible routes of HCV
transmission, producing divergent results. Although sig-
nificant associations between UAI and HCV infection in
MSM have been reported, the validity of some of these
studies [19] is limited by a lack of adjustment for con-
founding behavioural factors. A recent prospective longi-
tudinal cohort study [24] found a significant association
between UAI and HCV infection, but did not include
potential confounders that could explain other sexual or

non-sexual routes of HCV infection, such as frequency
of anal intercourse, group sex, sex-associated bleeding,
traumatising sexual practices such as fisting, use of PDE-
inhibitors, lesion-prone STIs (i.e. sexual), or (procto-)surgical
interventions [25], tattooing or NIDU (i.e. non-sexual).
We were not able to replicate the commonly reported

association between IDU and HCV infection, as none of
the 22 MSM in our sample reporting IDU tested positive
for HCV antibodies. Given the low number and proportion
(3.3%) of MSM with IDU in the analytic sample, our study
was not sufficiently powered to detect IDU as a risk fac-
tor for hepatitis C. However, the prevalences we found
for current IDU, 3.1% among non-HIV-diagnosed MSM
(95%-CI: 2.0-4.7), and 13.3% among HIV-diagnosed MSM
(3.7-37.9%), are very similar to results from the largest
Swiss MSM sample [40], where the respective values
(IDU in the last 12 months among MSM in Zurich)
were 3.7% and 17.0%.
Existing epidemiological studies on the association

between non-injection drug use (NIDU) and HCV pro-
duced fairly consistent findings, indicating elevated
HCV prevalence (2.3%-17%) in different NIDU sam-
ples. However, it still remains unclear whether HCV in
people with NIDU can be attributed to undisclosed
IDU or other residual confounding [49-51], although
the biologic plausibility of intranasal transmission has

Figure 1 Number needed to test (NNT) to detect one active HCV infection Number needed to test (on a logarithmic scale) to detect
one active HCV infection, in different scenarios for targeted HCV-testing. The two intervals at the top are based prevalence estimates for
the Swiss general population, assuming that 75% of those ever infected develop chronic infection, and each reflecting the respective lower and
upper limit. The remaining eleven point estimates with 95% confidence intervals represent MSM recruited at Checkpoint Zurich, reflecting the
whole sample (n = 840; thus including 19 men with diagnosed HIV) or sub-samples based on individual characteristics. (1) Estimate based on
blood donors and pregnant women [2]; (2) Estimate based on mathematical modelling [3]; (3) High anti-HCV prevalence (>3.5%) countries were
defined according to Modh Hanafiah et al. 2012 [36]; (4) Non-injection drug use (NIDU) of cocaine/amphetamines; (5) Any of the following: NIDU
of cocaine/amphetamines, being tattooed, being pierced, receptive fisting, group sex (proxy measure), or a history of lesion-prone STIs
(proxy measure); (6-7) Birth cohort screening (1955-1974/1955-1984) as discussed as add-on strategies by Bruggmann et al. 2013 [39].
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been demonstrated [52-55]. In our sample NIDU of co-
caine/amphetamines had substantial interaction with
known HIV infection; and although none of the HCV-
infected MSM without HIV diagnosis reported NIDU
of snorting drugs, we cannot rule out that this behav-
iour constitutes an independent risk factor for HCV
infection. Again, these findings highlight the need for
further research in this area with more rigorous meth-
odology needed to disentangle the specific pathways
and risk factors for transmission.
With respect to HCV transmission among MSM–sexual

or non-sexual–little attention has been given to the influ-
ence of social and sexual networks [56-58]. Particularly for
gay men living with HIV, such networking has been de-
scribed as serosorting, a practice sometimes conceptualised
as a strategy to reduce HIV transmission risk. However, a
more important motive for HIV-positive MSM to estab-
lish sexual contacts preferably with HIV-seroconcordant
partners is to reduce stigma and sexual rejection [59]. This

consequently leads to a higher chance of exposure to STIs
[60,61]. With respect to hepatitis C it has further been
hypothesised that “assortative mixing, or partnership for-
mation within subgroups, is common and that this mixing
pattern might result in HCV being more prevalent” [62].
We hypothesize that sexual and social networks of MSM
are the key to understanding the dynamics of sexual as well
as non-sexual transmission of HCV. Taking into account
networks and sub-group formation would in our view help
to explain why HCV among HIV-positive MSM has spread
so rapidly in the last decade [24]. This would also explain
why the HCV epidemic among HIV-positive MSM has not
jumped to MSM without HIV diagnosis, despite individual
behaviour that would facilitate HCV transmission in other
sub-populations or networks.

Number needed to test and targeted HCV-testing
The number of non-HIV-diagnosed MSM Checkpoint
clients needed to test in order to detect one active HCV

Table 2 Exposure risks with significant associations comparing HCV antibody positive and negative men who have sex
with men from Zurich, stratified by HIV diagnosis

Factor (exposure risk) HCV pos.1 HCV neg. Fisher’s2 OR3 95% CI4

of OR(Without substitution of missing values) n % n %

HIV5 diagnosis

Total sample (n = 840) Yes 4 21.1 15 78.9 0.000 72.70 14.95-353.56

No 3 0.4 818 99.6

Non-Swiss origin

Total sample (valid n = 769) Yes 5 2.8 173 97.2 0.009 8.51 1.64-18.75

No 2 0.3 589 99.7

No known HIV infection (valid n = 752) Yes 1 0.6 171 99.4 0.542 1.69 0.15-18.75

No 2 0.3 578 99.7

HIV diagnosed (valid n = 17) Yes 4 66.7 2 33.3 0.006 n.a.7

No 0 0.0 11 100.0

Tattooed

Total sample (valid n = 727) Yes 5 3.4 140 96.6 0.004 10.36 1.99-53.94

No 2 0.3 580 99.7

No known HIV infection (valid n = 710) Yes 2 1.4 137 98.6 0.100 8.32 0.75-92.43

No 1 0.2 570 99.8

HIV diagnosed (valid n = 17) Yes 3 50.0 3 50.0 0.099 10.00 0.74-135.33

No 1 9.1 10 90.9

NIDU6 of cocaine or amphetamines NIDU only

Total sample (valid n = 727) Yes 4 4.0 95 96.5 0.012 8.77 1.93-39.81

No 3 0.5 625 99.5

No known HIV infection (valid n = 710) Yes 0 0.0 91 100.0 0.621 n.a.

No 3 0.5 616 99.5

HIV diagnosed (valid n = 17) Yes 4 50.0 4 50.0 0.053 n.a.

No 0 0.0 9 100.0
1HCV pos./neg.: positive/negative for antibodies against hepatitis C virus; 2Fisher’s exact test; 3OR: odds ratio; 4CI: confidence interval; 5HIV: human
immunodeficiency virus; 6NIDU: non-injection drug use; 7n.a.: not applicable (division by zero).
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infection (NNT) was 821 (95%-CI: 146-4545). Recent
Swiss publications recommend HCV screening e.g. for
persons who use or have used intranasal drugs, persons
with body piercings or tattoos if performed in poor hy-
gienic environment, and also for men who have sex
with men [32]. Our study, like all other published studies
on HIV-negative MSM, does not support the screening
of MSM without HIV diagnosis for HCV antibodies,
not even if restricted to those with NIDU of cocaine/
amphetamines, tattoos, piercing, receptive fisting, group
sex (proxy measure), or a history of lesion-prone STIs.
The only sub-population where the NNT was significantly
lower than for the general population (Figure 1) were indi-
viduals originating from high prevalence countries, indi-
viduals with HIV diagnosis (though not significant due to
small numbers), and individuals who reported having been
tattooed or pierced abroad. Other authors have suggested
further evaluating birth cohort screening for HCV [39].
None of the suggested birth cohorts, when applied to our
Zurich sample of MSM, resulted in a NNT lower than for
the general population.

Limitations
Several study limitations need to be considered: First,
the cross-sectional study design precludes the calcula-
tion of incidence rates and the investigation of causation,
as it is uncertain whether reported behaviour preceded
HCV infection or not. Second, as information on HIV
diagnosis was based on self-report, the true HIV preva-
lence among participants is likely to be underestimated.
Unfortunately, as anonymous testing was part of our study
design, the serological test results could not be added
post-hoc. However, focusing on MSM without serologic-
ally confirmed HIV serostatus reflects much better the
situation of health care providers and counsellors when
deciding whom to offer HCV-screening in a clinical set-
ting. Third, the study has two important selection biases:
MSM recruited predominantly at a gay health centre with
a focus on STI services, or at sexual venues, respectively,
are likely to over-represent individuals at higher risk
for acquiring STIs. However, because HCV-testing was
primarily offered to MSM anonymously testing for
HIV and/or syphilis, both HIV-positive MSM as well as
those with past Syphilis infection are likely to be under-
represented in the sample. Also, HIV-diagnosed MSM with
known active or past HCV-co-infection were not included
in our sample. Fourth, given the overall anti-HCV preva-
lence of 0.83% in our sample, this study is not sufficiently
powered to rule out an odds ratio of less than 6.0 for
the association between any potential risk factor and
HCV seropositivity. However, our results on HCV preva-
lence among non-HIV-diagnosed MSM can probably
be generalised to community-based samples of MSM in
Switzerland. Finally, some distortions due to missing data

and misclassifications cannot be excluded. In systematically
screened MSM, urethral, pharyngeal, and rectal manifesta-
tions of gonorrhoea are about equally frequent [63,64],
reflecting sexual practices of men who have sex with
men. In contrast, in our sample, self-reported urethral
gonorrhoea (19.6%) was more than ten times more
common than pharyngeal (1.6%) or particularly rectal
gonorrhoea (1.6%). This large discrepancy points towards
a substantial under-diagnosis of rectal infections such as
with Gonococci and Chlamydia, as suggested elsewhere
[65]. We therefore believe that the real lifetime history of
“lesion-prone STIs” is substantially higher than suggested
by our proxy measure.

Conclusions
Our findings suggest that in Zurich (Switzerland), preva-
lence of hepatitis C among MSM without diagnosed HIV is
not higher than in the general population, where screening
is not recommended. We found no evidence for elevated
rates of sexual transmission of HCV among MSM without
HIV diagnosis. Further studies are needed to clearly deter-
mine whether the identification of non-sexual exposures
such as NIDU, tattoos or nosocomial exposures other than
blood transfusion should prompt HCV-testing; however
such approaches to increase the detection of hepatitis C
should not only target MSM. Although trends in the spread
of HCV among MSM should be closely monitored, for
example in a national MSM cohort study, we currently
see no reason for promoting routine HCV-testing for MSM
without known HIV infection in Switzerland.

Competing interests
AJS, LF, BZ, and AB have no competing interests to disclose. SR has served
as an invited speaker for Abbott. BM has served as an advisor for Merck,
Abbott, Janssen, Gilead, Roche, Bristol-Myers Squibb and Boehringer and has
received grants from Roche and Gilead. PB has served as an advisor for Merck,
Abbott and Janssen and has received grants from Roche, Merck, Janssen,
Gilead and Bristol-Myers Squibb. No pharmaceutical company had any
influence on the manuscript, the presented conclusions, or on any
decision-making at Checkpoint Zürich.

Authors’ contributions
AJS prepared the dataset, carried out the statistical analysis and wrote the
manuscript. LF participated in the data preparation and the statistical
analysis, provided administrative, technical, and logistic support, and largely
contributed to the manuscript. BZ constructed the questionnaire and
organised the fieldwork. SR supervised the laboratory analyses; AB and PB
contributed to the manuscript; LF, BZ, BM, SR and PB designed the study; PB
supervised the study and obtained funding. All authors read and approved
the manuscript.

Acknowledgements
We thank all clients and collaborators of Checkpoint Zurich who contributed
to the study, especially in the outreach work. We also thank Anselmo Lafita
for entering all paper and pencil questionnaires into an electronic database,
and Johanna Rankin (Oxford) for proofreading the manuscript. Abbott and
the laboratories of the Clinic of Immunology of the University Hospital
Zurich have supported the provision of free HCV testing in this study. Arud
Centers for Addiction Medicine would like to thank Roche Pharma
Switzerland for an unrestricted grant to support their research activities.

Schmidt et al. BMC Public Health 2014, 14:3 Page 9 of 11
http://www.biomedcentral.com/1471-2458/14/3



Author details
1Checkpoint Zurich, Konradstrasse 1, 8005 Zurich, Switzerland. 2Sigma
Research, London School of Hygiene and Tropical Medicine, London, UK.
3Arud Centers for Addiction Medicine, Konradstrasse 32, 8005 Zurich,
Switzerland. 4Institute of Psychology, University of Zurich, Binzmühlestrasse
14, 8050 Zurich, Switzerland. 5Clinic of Immunology, University Hospital
Zurich, Häldeliweg 4, 8044 Zurich, Switzerland. 6Division of Gastroenterology
and Hepatology, University Hospital Zurich, Rämistrasse 100, 8091 Zurich,
Switzerland.

Received: 13 October 2013 Accepted: 27 December 2013
Published: 6 January 2014

References
1. Swiss Federal Office of Public Health: Notifications of infectious disease.

Bulletin 2013, 27:448. German.
2. Cornberg M, Razavi HA, Alberti A, Bernasconi E, Buti M, Cooper C, Dalgard

O, Dillion JF, Flisiak R, Forns X, et al: A systematic review of hepatitis C
virus epidemiology in Europe, Canada and Israel. Liver Int 2011,
31(Suppl 2):30–60.

3. Sagmeister M, Renner EL, Mullhaupt B, Wong JB: Simulation of hepatitis C
based on a mandatory reporting system. Eur J Gastroenterol Hepatol 2002,
14(1):25–34.

4. Hajarizadeh B, Grebely J, Dore GJ: Epidemiology and natural history of
HCV infection. Nat Rev Gastroenterol Hepatol 2013, 10(9):553–562.

5. Lavanchy D: Evolving epidemiology of hepatitis C virus. Clin Microbiol
Infect 2011, 17(2):107–115.

6. Clarke A, Kulasegaram R: Hepatitis C transmission – where are we now?
Int J STD AIDS 2006, 17:74–80.

7. Wyld R, Robertson JR, Brettle RP, Mellor J, Prescott L, Simmonds P: Absence
of hepatitis C virus transmission but frequent transmission of HIV-1
from sexual contact with doubly-infected individuals. J Infect 1997,
35(2):163–166.

8. Vandelli C, Renzo F, Romanò L, Tisminetzky S, De Palma M, Stroffolini T,
Ventura E, Zanetti A: Lack of evidence of sexual transmission of hepatitis
C among monogamous couples: results of a 10-year prospective
follow-up study. Am J Gastroenterol 2004, 99(5):855–859.

9. Terrault NA, Dodge JL, Murphy EL, Tavis JE, Kiss A, Levin TR, Gish RG, Busch
MP, Reingold AL, Alter MJ: Sexual transmission of hepatitis C virus among
monogamous heterosexual couples: the HCV partners study.
Hepatology 2013, 57(3):881–889.

10. Tahan V, Karaca C, Yildirim B, Bozbas A, Tozunm N: Sexual transmission of
HCV between spouses. Am J Gastroenterol 2005, 100(4):821–824.

11. Neumayr G, Propst A, Schwaighofer H, Judmaier G, Vogel W: Lack of
evidence for the heterosexual transmission of hepatitis C. QJM 1999,
92(9):505–508.

12. Browne R, Asboe D, Gilleece Y, Atkins M, Mandalia S, Gazzard B, Nelson M:
Increased numbers of acute hepatitis C infections in HIV positive
homosexual men; is sexual transmission feeding the increase?
Sex Transm Infect 2004, 80:326–327.

13. Danta M, Brown D, Bhagani S, Pybus OG, Sabin CA, Nelson M, Fisher M,
Johnson AM, Dusheiko GM: Recent epidemic of acute hepatitis C virus in
HIV-positive men who have sex with men linked to high-risk sexual
behaviours. AIDS 2007, 21:983–991.

14. Vogel M, van de Laar T, Kupfer B, Stellbrink HJ, Kummerle T, Mauss S, Knecht
G, Berger A, Bruisten S, Rockstroh JK: Phylogenetic analysis of acute
hepatitis C virus genotype 4 infections among human
immunodeficiency virus-positive men who have sex with men in
Germany. Liver Int 2010, 30(8):1169–1172.

15. Van de Laar TJ, Van der Bij AK, Prins M, Bruisten SM, Brinkman K, Ruys TA,
Van der Meer JT, De Vries HJ, Mulder JW, Van Agtmael M, et al: Increase in
HCV incidence among men who have sex with men in Amsterdam most
likely caused by sexual transmission. J Infect Dis 2007, 196(2):230–238.

16. Van de Laar TJ, Matthews GV, Prins M, Danta M: Acute hepatitis C in
HIV-infected men who have sex with men: an emerging sexually
transmitted infection. AIDS 2010, 24(12):1799–1812.

17. Van de Laar TJ, Pybus O, Bruisten S, Brown D, Nelson M, Bhagani S, Vogel
M, Baumgarten A, Chaix ML, Fisher M, et al: Evidence of a large,
international network of HCV transmission in HIV-positivemen who have
sex with men. Gastroenterology 2009, 136(5):1609–1617.

18. Urbanus AT, van de Laar TJ, Stolte IG, Schinkel J, Heijman T, Coutinho RA,
Prins M: Hepatitis C virus infections among HIV-infected men who have
sex with men: an expanding epidemic. AIDS 2009, 23(12):F1–F7.

19. Rauch A, Rickenbach M, Weber R, Hirschel B, Tarr PE, Bucher HC, Vernazza P:
Unsafe sex and increased incidence of hepatitis C virus infection among
HIV-infected men who have sex with men: the Swiss HIV Cohort Study.
Clin Infect Dis 2005, 41(3):395–402.

20. Ghosn J, Larsen C, Piroth L, Duval X, Auperin I, Delarocque-Astagneau E,
Gervais A, Alric L, Pol S, Chaix M-L: Evidence of Ongoing Epidemic Sexual
Transmission of HCV (2006-2007) among HIV-1-infected Men Who Have Sex
with Men. France: 16th Conference on Retroviruses and Opportunistic
Infections; 2009. Poster abstract 800.

21. Serpaggi J, Chaix ML, Batisse D, Dupont C, Vallet-Pichard A, Fontaine H,
Viard JP, Piketty C, Rouveix E, Rouzioux C, et al: Sexually transmitted acute
infection with a clustered genotype 4 hepatitis C virus in HIV-1-infected
men and inefficacy of early antiviral therapy. AIDS 2006, 20(2):233–240.

22. Gambotti L: Acute hepatitis C infection in HIV positive men who have
sex with men in Paris, France, 2001-2004. Eurosurveillance 2005, 10(5):74.

23. van der Helm JJ, Prins M, del Amo J, Bucher HC, Chene G, Dorrucci M, Gill J,
Hamouda O, Sannes M, Porter K, et al: The hepatitis C epidemic among
HIV-positive MSM: incidence estimates from 1990 to 2007. AIDS 2011,
25(8):1083–1091.

24. Wandeler G, Gsponer T, Bregenzer A, Gunthard HF, Clerc O, Calmy A,
Stockle M, Bernasconi E, Furrer H, Rauch A: Hepatitis C virus infections in
the Swiss HIV Cohort Study: a rapidly evolving epidemic. Clin Infect Dis
2012, 55(10):1408–1416.

25. Schmidt AJ, Rockstroh JK, Vogel M, An der Heiden M, Baillot A, Krznaric I,
Radun D: Trouble with bleeding: risk factors for acute hepatitis C among
HIV-positive gay men from Germany–a case-control study. PLoS One
2011, 6(3):e17781.

26. Briat A, Dulioust E, Galimand J, Fontaine H, Chaix ML, Letur-Konirsch H, Pol
S, Jouannet P, Rouzioux C, Leruez-Ville M: Hepatitis C virus in the semen of
men coinfected with HIV-1: prevalence and origin. AIDS 2005, 19
(16):1827–1835.

27. Tohme RA, Holmberg SD: Is sexual contact a major mode of hepatitis C
virus transmission? Hepatology 2010, 52(4):1497–1505.

28. Turner J, Aarons E, O’Farrell S, Ferns B, Price H, Copas A, Gilson R: Hepatitis
C viral load in semen of HIV-positive men during acute and chronic
hepatitis infection. Second joint BHIVA/BASHH Conference. Manchester; 2010.
Abstract O5. http://www.bhiva.org/documents/Conferences/Manchester
2010/Presentations/100421/Oral1/O5Turner.pdf.pdf.

29. Danta M, Rodger AJ: Transmission of HCV in HIV-positive populations.
Curr Opinion HIV AIDS 2011, 6(6):451–458.

30. Van de Laar TJ, Paxton WA, Zorgdrager F, Cornelissen M, De Vries HJ: Sexual
transmission of hepatitis C virus in human immunodeficiency
virus-negative men who have sex with men: a series of case reports.
Sex Transm Dis 2011, 38(2):102–104.

31. Richardson D, Fisher M, Sabin CA: Sexual transmission of hepatitis C in
MSM may not be confined to those with HIV infection. J Infect Dis 2008,
197(8):1213–1214. author reply 1214-1215.

32. Fretz R, Negro F, Bruggmann P, Lavanchy D, De Gottardi A, Pache I,
Masserey Spicher V, Cerny A: Hepatitis B and C in Switzerland–healthcare
provider initiated testing for chronic hepatitis B and C infection.
Swiss Med Wkly 2013, 143:w13793.

33. Bruggmann P, Swiss Federal Office of Public Health: The situation of
hepatitis C in Switzerland. Bulletin 2012, 30:511–514. German.

34. Cai W, Robert Koch Institute: Viral hepatitis B, C and D in Germany, as of
2010. Epidemiologisches Bull 2011, 29:261–271. German.

35. Schwappach DL, Bruggmann P: An integrated model of care to counter
high incidence of HIV and sexually transmitted diseases in men who
have sex with men–initial analysis of service utilizers in Zurich.
BMC Public Health 2008, 8:180.

36. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST: Global
epidemiology of hepatitis C virus infection: new estimates of
age-specific antibody to HCV seroprevalence. Hepatology 2013,
57(4):1333–1342.

37. Faul F, Erdfelder E, Buchner A, Lang AG: Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods 2009, 41(4):1149–1160.

38. Newcombe RG: Two-sided confidence intervals for the single proportion:
comparison of seven methods. Stat Med 1998, 17(8):857–872.

Schmidt et al. BMC Public Health 2014, 14:3 Page 10 of 11
http://www.biomedcentral.com/1471-2458/14/3

http://www.bhiva.org/documents/Conferences/Manchester2010/Presentations/100421/Oral1/O5Turner.pdf.pdf
http://www.bhiva.org/documents/Conferences/Manchester2010/Presentations/100421/Oral1/O5Turner.pdf.pdf


39. Bruggmann P, Richard J-L: Birth year distribution in reported hepatitis c
cases in Switzerland. 2013. Manuscript under review.

40. The EMIS network: EMIS 2010: The European Men-Who-Have-Sex-With-Men
Internet Survey: findings from 38 countries. Stockholm: European Centre for
Disease Prevention and Control (ECDC); 2013.

41. Urbanus AT, van den Hoek A, Boonstra A, Van Houdt R, De Bruijn LJ,
Heijman T, Coutinho RA, Prins M: People with multiple tattoos and/or
piercings are not at increased risk for HBV or HCV in The Netherlands.
PLoS One 2011, 6(9):e24736.

42. Jin F, Prestage GP, Kippax SC, Kaldor JM, Dore GJ, Grulich AE: Prevalence
and risk factors of hepatitis C in HIV-negative homosexual men in
Sydney, Australia. Aust New Zealand J Public Health 2005, 29(6):536–539.

43. Jin F, Prestage GP, Matthews G, Zablotska I, Rawstorne P, Kippax SC, Kaldor
JM, Grulich AE: Prevalence, incidence and risk factors for hepatitis C in
homosexual men: data from two cohorts of HIV-negative and HIV-positive
men in Sydney, Australia. Sex Transm Infect 2010, 86(1):25–28.

44. Alary M, Joly JR, Vincelette J, Lavoie R, Turmel B, Remis RS: Lack of evidence
of sexual transmission of hepatitis C virus in a prospective cohort study
of men who have sex with men. Am J Public Health 2005, 95(3):502–505.

45. Buffington J, Murray PJ, Schlanger K, Shih L, Badsgard T, Hennessy RR, Wood
R, Weisfuse IB, Gr A: Low prevalence of hepatitis C virus antibody in men
who have sex with men who do not inject drugs. Public Health Report
2007, 122(Suppl. 2):63–67.

46. Price H, Gilson R, Mercey D, Copas A, Parry J, Nardone A, Hart G: Hepatitis C
in men who have sex with men in London–a community survey.
HIV Med 2013, 14(9):578–580.

47. Yaphe S, Bozinoff N, Kyle R, Shivkumar S, Pai NP, Klein M: Incidence of
acute hepatitis C virus infection among men who have sex with men
with and without HIV infection: a systematic review. Sex Transm Infect
2012, 88(7):558–564.

48. Matthews GV, Pham ST, Hellard M, Grebely J, Zhang L, Oon A, Marks P, Van
Beek I, Rawlinson W, Kaldor JM, et al: Patterns and characteristics of
hepatitis C transmission clusters among HIV-positive and HIV-negative
individuals in the Australian trial in acute hepatitis C. Clin Infect Dis 2011,
52(6):803–811.

49. Scheinmann R, Hagan H, Lelutiu-Weinberger C, Stern R, Des Jarlais DC, Flom
PL, Strauss S: Non-injection drug use and Hepatitis C Virus: a systematic
review. Drug Alcohol Depend 2007, 89(1):1–12.

50. McMahon JM, Tortu S: A potential hidden source of hepatitis C infection
among noninjecting drug users. J Psychoactive Drugs 2003, 35(4):455–460.

51. Galperim B, Cheinquer H, Stein A, Fonseca A, Lunge V, Ikuta N: Intranasal
cocaine use does not appear to be an independent risk factor for HCV
infection. Addiction 2004, 99(8):973–977.

52. Aaron S, McMahon JM, Milano D, Torres L, Clatts M, Tortu S, Mildvan D,
Simm M: Intranasal transmission of hepatitis C virus: virological and
clinical evidence. Clin Infect Dis 2008, 47(7):931–934.

53. Kamili S, Krawczynski K, McCaustland K, Xiaofang L, Alter MJ: Infectivity of
hepatitis C virus in plasma after drying and storing at room
temperature. Infect Control Hosp Epidemiol 2007, 28(5):519–524.

54. Blaise G, Vanhooteghem O, de la Brassinne M: Cocaine sniffing-induced
lesions. J Eur Acad Dermatol Venereol 2007, 21:1262–1263.

55. Trimarchi M, Miluzio A, Nicolai P, Morassi ML, Bussi M, Marchisio PC: Massive
apoptosis erodes nasal mucosa of cocaine abusers. Am J Rhinol 2006,
20(2):160–164.

56. Hurt CB, Beagle S, Leone PA, Sugarbaker A, Pike E, Kuruc J, Foust EM, Eron
JJ Jr, Cohen MS, Hightow-Weidman LB: Investigating a sexual network of
black men who have sex with men: implications for transmission and
prevention of HIV infection in the United States. J Acquir Immune Defic
Syndr 2012, 61(4):515–521.

57. Hill AL, Rand DG, Nowak MA, Christakis NA: Infectious disease modeling of
social contagion in networks. PLoS Comput Biol 2010, 6(11):e1000968.

58. Christakis NA, Fowler JH: Social contagion theory: examining dynamic
social networks and human behavior. Stat Med 2013, 32(4):556–577.

59. Owen G: An ‘elephant in the room’? Stigma and hepatitis C transmission
among HIV-positive ‘serosorting’ gay men. Cult Health Sex 2008, 10(6):601–610.

60. Elford J: Changing patterns of sexual behaviour in the era of highly
active antiretroviral therapy. Curr Opinions Infect Dis 2006, 19(1):26–32.

61. Marcus U, Schmidt AJ, Hamouda O: HIV serosorting among HIV-positive
men who have sex with men is associated with increased self-reported
incidence of bacterial sexually transmissible infections. Sex Health 2011,
8(2):184–193.

62. Matser A, Urbanus A, Geskus R, Kretzschmar M, Xiridou M, Buster M,
Coutinho R, Prins M: The effect of hepatitis C treatment and human
immunodeficiency virus (HIV) co-infection on the disease burden of
hepatitis C among injecting drug users in Amsterdam. Addiction 2012,
107(3):614–623.

63. Kent CK, Chaw JK, Wong W, Liska S, Gibson S, Hubbard G, Klausner JD:
Prevalence of rectal, urethral, and pharyngeal chlamydia and gonorrhea
detected in 2 clinical settings among men who have sex with men: San
Francisco, California, 2003. Clin Infect Dis 2005, 41(1):67–74.

64. Dudareva-Vizule S, Haar K, Sailer A, Wisplinghoff H, Wisplinghoff F, Marcus U,
group TPs: Prevalence of pharyngeal and rectal Chlamydia trachomatis and
Neisseria gonorrhoeae infections among men who have sex with men in
Germany. Sex Transm Infect 2013. Published Online First: 6 August 2013.

65. Schmidt AJ, Hickson F, Weatherburn P, Marcus U, The EMIS network:
Comparison of the performance of STI screening services for gay and
bisexual men across 40 European cities: results from the European MSM
Internet Survey. Sex Transm Infect 2013, 89(7):575–582.

doi:10.1186/1471-2458-14-3
Cite this article as: Schmidt et al.: Prevalence of hepatitis C in a Swiss
sample of men who have sex with men: whom to screen for HCV
infection?. BMC Public Health 2014 14:3.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Schmidt et al. BMC Public Health 2014, 14:3 Page 11 of 11
http://www.biomedcentral.com/1471-2458/14/3


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Recruitment
	Serology
	Self-reported measures
	Constructed measures
	Statistical analyses
	Ethical approval

	Results
	Study participants
	Prevalence of hepatitis C and number needed to test
	Factors associated with lifetime HCV-prevalence

	Discussion
	Prevalence of HCV and lack of evidence for sexual transmission among non-HIV-diagnosed MSM
	Number needed to test and targeted HCV-testing
	Limitations

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

