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Summary

BACKGROUND: In Switzerland, intravenous drug use ac-
counts for the majority of hepatitis C virus (HCV) infec-
tions. Early HCV treatment prevents further transmissions
and reduces morbidity and mortality due to decompensat-
ed liver cirrhosis and hepatocellular carcinoma. Neverthe-
less, patients in drug substitution programmes are often
insufficiently screened and treated.

AIM: The aim was to compare the current state of HCV
management in centralised and decentralised drug substi-
tution programmes of the canton Aargau. Objectives were
human immunodeficiency virus (HIV) and HCV preva-
lence, compliance with guidelines and gaps in the HCV
cascade, as well as feasibility/acceptance/validity of HIV/
HCV rapid tests on finger-prick blood and noninvasive liver
fibrosis assessment with Fibroscan®.

METHODS: For the cross-sectional study, in June 2013,
questionnaires and free rapid tests for HIV (Determine®)
and HCV (OraQuick®) that used capillary blood (finger-
stick) were sent to 161 physicians providing drug substitu-
tion treatment for 631 patients. Free liver fibrosis assess-
ment with Fibroscan® by a member of the study team was
offered to all patients. Additionally, patients were direct-
ly recruited by the study team in the heroin substitution
programme and several addiction clinics visited every 4–6
months, as well as in the Infectious Diseases Outpatient
Clinic (questionnaire, rapid tests and Fibroscan® in the
same session).

RESULTS: Between July 2013 and July 2015, 205
(32.5%) of the 631 patients receiving opioid substitution in
the canton Aargau were enrolled, 192 (93.7%) with HIV/
HCV rapid tests and 167 (81.5%) with Fibroscan®. Accep-

tance of Fibroscan® was higher when offered in the same
session (94.1 vs 69.2%). Overall, 77.8% had ever used
intravenous drugs. HCV seroprevalence was 53.7% (109/
203), HCV RNA prevalence 27.8%. Overall, 7.4% (15/202)
were HIV infected, all of whom were HCV co-infected and
under antiretroviral treatment. Of the 205 patients includ-
ed, 104 (50.7%) were recruited in a decentralised setting
(family practice / pharmacy) and 101 (49.3%) in a cen-
tralised setting (heroin programme, addiction clinic, Infec-
tious Diseases Outpatient Clinic). Compliance with guide-
lines (regular HIV/HCV screening, workup of HCV-positive
patients, availability of HAV/HBV serology) was consis-
tently lower in the decentralised setting, characterised by
a higher proportion of females, longer median time in the
programme, lower percentage of daily attendance, ever-
use of intravenous drugs and HIV and HCV infections. We
identified several gaps in the HCV cascade: 23.9% (49/
205) had never been HCV screened; 18.9% (18/95) of the
HCV positive patients had no HCV RNA test. Of the 61 pa-
tients developing chronic HCV infection, 19.7% (12) were
not HCV genotyped, 52.5% (32) had no liver fibrosis as-
sessment (liver biopsy) and 54.1% (33) never received
treatment; 25.0% (7/28) did not achieve a sustained vi-
rological response with interferon-based treatment. The
192 HCV rapid tests showed a sensitivity of 90.4% (94/
104; 95% confidence interval 84.7–96.1%) and a specifici-
ty of 100% (88/88), and provided 14 new HCV diagnoses.
Eight of ten patients with a false-negative HCV rapid test
were HCV RNA negative (2 unknown). Among the 88.6%
(39/44) currently HCV RNA-positive individuals with valid
Fibroscan® results, 24 (61.5%) had a liver stiffness <7.5
kPa. Both HIV co-infection and alcohol overconsumption
doubled the risk of severe fibrosis/cirrhosis in HCV posi-
tive patients.
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CONCLUSION: In contrast to HIV, HCV transmission
among intravenous drug users is still ongoing. The man-
agement of hepatitis C in drug substitution patients needs
improvement, especially in family practices. Minimally in-
vasive “point-of-care” diagnostics such as the HCV an-
tibody rapid test using capillary blood and mobile Fi-
broscan® can close some of the gaps in the HCV cascade.
HCV RNA determination in capillary blood is still an unmet
need. A “one-stop strategy” might improve linkage to care.
Restricting the new, highly efficient (90–100% sustained
virological response for all genotypes) direct-acting antivi-
rals to patients with at least stage F2 fibrosis withholds
treatment from two thirds of the chronically infected and
prevents us from reaching the WHO goal of 80% treatment
uptake necessary to eliminate hepatitis C by 2030.

Key words: drug substitution programme, decentralised,
centralised, hepatitis C management, HIV, HCV antibody
rapid test, Fibroscan®, Switzerland, HCV cascade, preva-
lence

Introduction

Hepatitis C is a blood-borne viral infection highly preva-
lent in patients with current or former intravenous drug use
as a result of sharing of injection equipment. Globally, he-
patitis C virus (HCV) seroprevalence in people who inject
drugs (PWID) is 67.5% [1]. Given a ~25% spontaneous
clearance rate, ~50% of the intravenous drug users have
chronic HCV infection, corresponding to 8 million people
[2].
HCV seroprevalence in Switzerland is 0.7–1.75% in the
general population, 26–48% in those on oral opioid sub-
stitution treatment and 60–80% in heroin substitution pro-
grammes [3]. It increases with the length of heroin use
(55% after 2–4 years, 75% after 5–9 years, 90% after
10–15 years, 98% after >15 years) [4]. Of the
22 000–27 000 opioid addicts in Switzerland [5], 18 000
are in a methadone/buprenorphine programme and 1600 in
a heroin substitution programme [6]. In about 60%, substi-
tution treatment is provided by a general practitioner (GP)
[6].
About 75% of HCV infected people develop chronic infec-
tion [7]. Being mostly asymptomatic, hepatitis C may re-
main undetected for years and become a “silent killer” [8].
About 20% of chronically infected individuals develop liv-
er cirrhosis after 20 years [9], with an annual risk of hepa-
tocellular carcinoma of 1–5% and of hepatic decompensa-
tion of 3–6%. After an episode of decompensation, the risk
of death in the following year is 15–20% [10]. Factors as-
sociated with accelerated liver fibrosis progression (alco-
hol [11], cannabis [12, 13], nicotine [14], human immun-
odeficiency virus (HIV) co-infection [15, 16]) are common
among PWID.
HCV infection can be cured with a therapy course of lim-
ited duration. With the new direct-acting antivirals,
90–100% reach sustained virological response after 12
(8–24) weeks of treatment [17–19]. In Italian PWID (one
third on opioid substitution treatment), the sustained viro-
logical response rate with direct-acting antivirals was 93%
[20]. Owing to its simplicity and safety, interferon-free
direct-acting antiviral therapy reduces the time required
for HCV treatment from 27 to 9 hours, tripling treatment
capacity [21]. In Canada, compared with people receiv-

ing interferon-based therapy, people receiving interferon-
free direct-acting antiviral therapy were more likely to be
HIV co-infected, PWID or on opioid substitution treat-
ment, demonstrating the feasibility of the new HCV treat-
ments in previously excluded groups [22].
As a result of high prices, reimbursement for direct-acting
antiviral therapy is often restricted. In April 2017, 32 of 34
European countries required specialists to prescribe direct-
acting antivirals; 38% required stage ≥F2 fibrosis and 24%
≥F3 fibrosis, whereas 26% had no fibrosis stage restric-
tions (e.g., Germany, France). Nine percent had addition-
al HCV genotype requirements and 18% drug or alcohol
use limitations (e.g., abstinence prior to treatment) [23].
In Switzerland, direct-acting antiviral prescription was re-
stricted to specialists and ≥F2 fibrosis, unless extrahepatic
symptoms were present. Since 1 May 2017, HIV or hepati-
tis B virus (HBV) co-infected patients and PWID can be
treated irrespective of fibrosis stage [24]. Based on signif-
icant price reductions, in July, August and October 2017,
reimbursement restrictions have been abandoned for sever-
al direct-acting antiviral agents [25].
Early diagnosis and successful treatment not only prevent
HCV-related complications (individual benefit), but also
stop infectiousness (community benefit).
Although PWID are the main source of new HCV in-
fections [26], and their adherence, side effects and treat-
ment outcome are not different from people who do not
use injectable drugs [27–29], they are commonly under-
diagnosed and undertreated [30–33]. Only 10–50% of all
PWID worldwide receive HCV testing and <10% have ac-
cess to assessment and treatment [2], although there are ev-
idence-based interventions to enhance: (1) HCV diagnosis/
case-finding, (2) linkage to care, (3) pretherapeutic eval-
uation / treatment initiation, and (4) treatment adherence
[34]. In Scotland, the introduction of dried blood spot test-
ing within the Hepatitis C Action Plan resulted in a 3-fold
increase in testing and 12-fold increase in positive individ-
uals in drug services [35].
Within our study, we offered free HIV/HCV rapid tests on
capillary blood from the finger and free noninvasive liver
fibrosis assessment with Fibroscan® to remove two known
barriers to HCV diagnosis and treatment in PWID: de-
stroyed peripheral veins after long-term intravenous drug
use and fear of liver biopsy. Based on test results and infor-
mation from a questionnaire, an infectious disease special-
ist provided the treating physician with guideline-based,
patient-customised recommendations for further care, in-
cluding referral for HCV treatment if indicated.
For PWID, various successful hepatitis C care models have
been described, including multidisciplinary approaches in
opioid substitution clinics, GP-based models, integrated
HCV management in secondary/tertiary care settings, di-
rectly observed therapy and peer-based models [36]. How-
ever, the different models have not been directly compared
with each other so far.
National [30] and international [37] guidelines for the
management of hepatitis C in PWID and those on opioid
substitution therapy recommend: (1) yearly HIV and HCV
screening of seronegative individuals, (2) HCV RNA de-
termination in HCV-positive patients, (3) yearly HCV
RNA screening in HCV-positive patients with negative
HCV RNA, (4) HCV genotyping and treatment evaluation
in HCV RNA-positive individuals, (5) antiretroviral treat-
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ment of all HIV/HCV co-infected patients with chronic he-
patitis C, irrespective of CD4 count, and (6) vaccination
against hepatitis A and B in the absence of immunity.
It can be hypothesised that compliance with guidelines
is better in specialised, centralised settings than unspe-
cialised, decentralised settings.
The aim of our study was to compare the current state of
HCV management in centralised and decentralised drug
substitution programmes of the canton Aargau. Objectives
were to quantify HIV/HCV prevalence, compliance with
guidelines and gaps in the HCV cascade (to develop fur-
ther strategies to improve linkage to care), as well as feasi-
bility/acceptance/validity of HIV/HCV rapid tests that use
finger-prick blood and noninvasive liver fibrosis assess-
ment with Fibroscan®.

Materials and methods

Ethical considerations
The study was approved by the cantonal ethical committee
(AG/SO 2012/091). All participants gave written informed
consent before any disclosure of personal data.

Patient recruitment and data collection

Recruitment in the decentralised setting
The cantonal physician provided a list of all 161 physicians
in the canton Aargau providing opioid substitution treat-
ment and the respective number of drug substitution pa-
tients they cared for.
For the cross-sectional study, in June 2013, patient in-
formed consent forms, questionnaires and free rapid tests
for HIV (Determine®, Alere) and HCV (OraQuick®, Ora-
sure) [38] using capillary blood (one finger-stick for both
tests, results after 20 minutes) were sent to the 161 physi-
cians who provided drug substitution treatment for 631 pa-
tients. For data protection reasons, study material was sent
by the cantonal physician to the treating physicians with-
out identifying the patient names to the study team. Flyers
inviting study participation were distributed to drug substi-
tution patients in pharmacies.
Physicians received CHF 50 per patient for obtaining in-
formed consent, performing the rapid tests and completing
the questionnaire.
Liver fibrosis was measured with mobile Fibroscan® 402
(Echosens) [38–42] by a member of the study team (result
after ~5 minutes). Once the study team received the com-
pleted questionnaire and the rapid test results, the Fi-
broscan® was scheduled – in most cases in the Infectious
Diseases Outpatient Clinic of the Cantonal Hospital Aarau,
where the Fibroscan® was based. Rarely, (when ≥10 pa-
tients were recruited from the same family practice) the Fi-
broscan® was offered in the family practice on an appoint-
ed day.

Recruitment in the centralised setting
Patients were also directly recruited by the study team in
the Infectious Diseases Outpatient Clinic of the Cantonal
Hospital Aarau, as well as in the heroin substitution pro-
gramme and several addiction clinics, visited every 4–6
months. For the visits, the mobile Fibroscan® was trans-
ported to the heroin substitution programme and the addic-
tion clinics. Thus, patients in the centralised setting had the

questionnaire, rapid tests and Fibroscan® in the same ses-
sion – all performed by a member of the study team.

Both settings
Based on test results and information from the question-
naire, an infectious disease specialist provided the treating
physician with guideline-based, patient-customised recom-
mendations for further care, including referral for HCV
treatment if indicated.

Definitions
HCV positivity/infection means a positive HCV antibody
test. Active/chronic HCV infection was defined as de-
tectable HCV RNA (at least 6 months after infection/diag-
nosis).
The spontaneous HCV clearance rate was calculated as the
ratio between patients HCV RNA-negative without treat-
ment and all HCV antibody-positive patients with avail-
able HCV RNA.
Nonresponse to HCV treatment was defined as HCV RNA
decrease <2 log U/ml after 12 weeks or detectable HCV
RNA after 24 weeks of treatment.
Daily alcohol intake of >40g was considered as alcohol
overconsumption.

Statistical analysis
Categorical variables were compared using chi-squared or
Fisher’s exact test. Continuous variables were analysed
with the Wilcoxon rank sum test. A two-sided p-value
<0.05 was considered statistically significant.
Risk ratios (RRs) were calculated by dividing the risk in
exposed by the risk in the unexposed. Risks were consid-
ered significantly different at the 5% level if the 95% con-
fidence interval (CI) of the RR did not include 1.
Statistical analyses were performed with Stata Version
12.0.

Results

Setting and patient recruitment
In the drug substitution programme of the canton Aargau
161 physicians were caring for 631 patients (fig. 1). Half of
the physicians (82/161) had one and >90% (149/161) ≤10
drug substitution patients. There were nine physicians with
14 to 21 patients and three with 35 to 47 patients.
Between July 2013 and July 2015, 205 (32.5%) of the 631
patients living and receiving opioid substitution in the can-
ton Aargau were enrolled, 192 (93.7%) with HIV/HCV
rapid tests and 167 (81.5%) with Fibroscan®. From the first
year (July 2013 to June 2014, n = 117) to the second year
(July 2014 to July 2015, n = 88), the source of patient re-
cruitment changed: family practice from 71.8 to 19.3%,
heroin substitution programme from 15.4 to 37.5%, addic-
tion clinic from 3.4 to 28.4%, Infectious Diseases Outpa-
tient Clinic of the Cantonal Hospital Aarau from 9.4 to
11.4%, pharmacy from 0 to 3.4%.

Patient characteristics
Overall, 50.7% of the study population was recruited in
a decentralised setting (family practice / pharmacy) and
49.3% in a centralised setting (heroin substitution pro-
gramme, addiction clinic, Infectious Diseases Outpatient
Clinic of the Cantonal Hospital Aarau) (table 1).
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Compared with patients from centralised settings, those
from decentralised settings were more likely to be female,
were predominantly receiving methadone substitution
(16.4% buprenorphine, but no heroin), had fewer visits per
week and had been longer in the substitution programme.
The proportion with ever-use of intravenous drugs, cocaine
and benzodiazepines was lower. Overconsumption of alco-
hol (24.9%) and depression (46.0%) were highly prevalent
without setting-specific differences.

HCV cascade
Prior to HCV rapid tests and Fibroscans®, we identified
four diagnostic- and two treatment-related gaps in the
HCV cascade (fig. 2): 23.9% (49/205) had never been
screened for HCV before (table 2); 18.9% of the 95 HCV-
positive patients had no HCV RNA test; of the 61 patients
developing chronic HCV infection, 19.7% were not HCV
genotyped, 52.5% had no liver fibrosis assessment and
54.1% never received treatment; 25.0% of the 28 patients

Figure 1: Number of drug substitution patients per physician in the canton Aargau (631 patients, 161 physicians).

Table 1: Baseline patient characteristics.

Total
(n = 205)

Decentralised*

(n = 104)
Centralised†

(n = 101)
p-value

Male 79.5% (163) 72.1% (75) 87.1% (88) 0.008

Median age (y) (IQR) 38.5 (32.4–44.7) 39.5 (33.8–45.4) 37.9 (31.2–44.6) 0.110

Median BMI (kg/m2) (IQR) 24.4 (21.3–27.8)
(n = 195)

24.4 (21.1–26.6)
(n = 97)

24.3 (21.6–28.2)
(n = 98)

0.535

Attendance:

Daily (5–7 times/week) 54.0% (108/200) 35.3% (36/102) 73.5% (72/98) <0.001

≤1 time/week 32.5% (65/200) 49.0% (50/102) 15.3% (15/98) <0.001

Drug substitution: <0.001

Methadone 63.9% (131) 82.7% (86) 44.6% (45)

Heroin 8.3% (17) 0% (0) 16.8% (17)

Methadone + heroin 4.4% (9) 0% (0) 8.9% (9)

Buprenorphine 18.0% (37) 16.4% (17) 19.8% (20)

Retarded morphine 5.4% (11) 1.0% (1) 9.9% (10)

Median time (y) in programme (IQR) 3 (0.5–8.2)
(n = 191)

5.9 (2.9–12)
(n = 92)

0.6 (0.2–4)
(n = 99)

<0.001

Ever IDU 77.8% (158/203) 70.6% (72/102) 85.2% (86/101) 0.013

Median age (y) at first IDU (IQR) 20 (17-24)
(n = 148)

20 (17-25)
(n = 63)

19 (17-23)
(n = 85)

0.658

Ever intranasal drug use 89.5% (179/200) 85.2% (86/101) 93.9% (93/99) 0.043

Ever consumption of:

Heroin 98.5% (201/204) 99.0% (102/103) 98.0% (99/101) 0.549

Cocaine 91.6% (186/203) 87.3% (89/102) 96.0% (97/101) 0.024

Benzodiazepines 71.1% (140/197) 59.8% (58/97) 82.0% (82/100) 0.001

Cannabis 90.5% (181/200) 90.0% (90/100) 91.0% (91/100) 0.809

Current alcohol consumption >40 g/d 24.9% (50/201) 27.5% (28/102) 22.2% (22/99) 0.391

Depression 46.0% (93/202) 42.2% (43/102) 50.0% (50/100) 0.263

Ever suicide attempt 22.6% (45/199) 17.8% (18/101) 27.6% (27/98) 0.101

BMI = body mass index; IDU = intravenous drug use; IQR = interquartile range * Recruitment in family practice (n=101) or pharmacy (n = 3) † Recruitment in heroin substitution
programme (n = 51), addiction clinic (n = 29) or Infectious Diseases Outpatient Clinic of the Cantonal Hospital Aarau (n = 21)
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ever treated did not achieve a sustained virological re-
sponse.
Performing HCV rapid tests and Fibroscans® within our
study, we reduced the percentage without HCV screening
to 2.0% (4/205) and the proportion of ever chronically
HCV infected without liver fibrosis assessment to 1.5% (1/
65) (fig. 3). Fourteen patients were newly diagnosed with
the HCV rapid test (tables 3, 4 and 5), increasing the num-
ber known to be HCV positive to 109. Of the newly di-
agnosed patients, eight had immediate further evaluation
with HCV RNA testing. HCV genotype was determined in
all four HCV RNA-positive patients.
Sixty-five patients who had ever had chronic HCV infec-
tion minus 21 successfully treated resulted in 44 patients
still HCV RNA positive and thus in need of treatment (sup-
plementary fig. S1 in appendix 1). For 6 (13.6%), the HCV
genotype was unknown. Forty-three (97.7%) had either
liver biopsy or Fibroscan®, but only 15 (34.1%) had fibro-
sis stage ≥F2 or Fibroscan® ≥7.5 kPa (requirement for di-
rect-acting antiviral reimbursement in Switzerland) (table
6). However, all but one (97.7%) reported former or cur-
rent intravenous drug use, which since May 2017 quali-
fies for direct-acting antiviral reimbursement irrespective
of liver fibrosis stage.

The proportion never before screened for HCV was signif-
icantly higher in the decentralised setting (33.7 vs 13.9%,
p <0.001) (figs 4 and 5, table 2). Of the 14 new HCV di-
agnoses (table 3), 9 (64.3%) were from the decentralised
and 5 (35.7%) from the centralised setting. Four of five pa-
tients in the centralised setting, but only four of nine pa-
tients in the decentralised setting were immediately further
evaluated with HCV RNA testing, increasing the propor-
tion of HCV-positive individuals without an HCV RNA
test in the decentralised setting to 31.3%, compared with
14.8% in the centralised setting (p = 0.039). Including the
four HCV RNA-positive new HCV diagnoses with known
HCV genotype (three from the centralised and one from
the decentralised setting), the percentage of HCV RNA-
positive patients with unknown HCV genotype was signif-
icantly higher in the decentralised setting (31.8 vs 11.6%,
p = 0.047). Concerning liver fibrosis assessment, and HCV
treatment uptake and outcome, there were no setting-spe-
cific differences.
In the decentralised setting, 22 patients ever chronically
HCV infected minus 8 with sustained virological response
resulted in 13 (rather than 14) patients currently HCV
RNA positive (supplementary fig. S1), because one patient
who prematurely stopped HCV treatment was HCV RNA
negative after 3 months of treatment (last HCV RNA avail-

Figure 2: Diagnostic and treatment-related gaps in the HCV cascade (total study population), before and after HCV rapid tests and Fi-
broscan® within our study.HCV = hepatitis C virus; SVR = sustained virological response; before = before HCV rapid tests and Fibroscan®

within our study; after = after HCV–rapid tests and Fibroscan® within our studyA = first diagnostic gap – no HCV antibody screening: 23.9%
(49/205) → 2.0% (2/205); B = second diagnostic gap – no HCV RNA determination, if HCV positive: 18.9% (18/95) → 22% (24/109); C = third
diagnostic gap – HCV genotype unknown, if ever chronic HCV infection: 19.7% (12/61) → 18.5% (12/65); D = fourth diagnostic gap – no liver
fibrosis assessment, if ever chronic HCV infection: 52.5% (32/61) → 1.5% (1/65). E = treatment uptake gap – never treated, if ever chronic
HCV infection: 54.1% (33/61) → 56.9% (37/65). F = treatment success gap – treated, but no sustained virological response: 25.0% (7/28) →
25.0% (7/28).
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Table 2: HCV management – decentralised vs centralised setting.

Total
(n = 205)

Decentralised*
(n = 104)

Centralised†

(n = 101)
p-value

HIV/HCV screening prior to the study

HIV test prior to study 74.1% (152) 65.4% (68) 83.2% (84) 0.004

If HIV negative:

Never tested before 26.7% (50/187) 34.0% (33/97) 18.9% (17/90) 0.020

Last test ≤1 year ago 19.8% (37/187) 10.3% (10/97) 30.0% (27/90) <0.001

HCV antibody test prior to study 76.1% (156) 66.3% (69) 86.1% (87) <0.001

If HCV negative:

Never tested before 39.4% (37/94) 48.2% (26/54) 27.5% (11/40) 0.043

Last test ≤1 year ago 23.4% (22/94) 14.8% (8/54) 35.0% (14/40) 0.022

If HCV positive and HCV-RNA negative:

HCV-RNA ≤1 year ago 40.0% (24/40) 31.6% (6/19) 47.6% (10/21) 0.301

HCV rapid test (performed during the study)

HCV rapid test performed 93.7% (192) 93.3% (97) 94.1% (95) 0.816

New HCV diagnosis 7.3% (14/192) 9.3% (9/97) 5.3% (5/95) 0.285

False negative 5.2% (10/192) 6.2% (6/97) 4.2% (4/95) 0.538

HIV/HCV-prevalence

HIV seropositivity 7.4% (15/202) 4.0% (4/101) 10.9% (11/101) 0.060

HCV seropositivity 53.7% (109/203) 47.1% (48/102) 60.4% (61/101) 0.057

HCV mono-infected 46.0% (93/202) 42.6% (43/101) 49.5% (50/101) 0.323

HIV-HCV co-infected 7.4% (15/202) 4.0% (4/101) 10.9% (11/101) 0.060

HIV and HCV negative 46.5% (94/202) 53.5% (54/101) 39.6% (40/101) 0.048

Liver biopsy prior to the study

Liver biopsy, if ever chronic HCV infection 47.5% (29/61) 57.1% (12/21) 42.5% (17/40) 0.277

≥F2, if result available 57.1% (12/21) 50.0% (4/8) 61.5% (8/13) 0.604

Liver biopsy, if currently HCV-RNA positive 36.4% (16/44) 38.5% (5/13) 35.5% (11/31) 0.851

≥F2, if result available 50.0% (7/14) 40.0% (2/5) 55.6% (5/9) 0.577

Fibroscan® (performed during the study)

Fibroscan® performed 81.5% (167) 69.2% (72) 94.1% (95) <0.001

Sufficient quality‡ 94.6% (158/167) 93.1% (67/72) 95.8% (91/95) 0.438

F0/1 (≤7.0 kPa) 71.5% (113/158) 65.7% (44/67) 75.8% (69/91) 0.162

F2 (>7.0 and ≤9.5 kPa) 10.1% (16/158) 13.4% (9/67) 7.7% (7/91) 0.237

F3/4 (>9.5 kPa) 18.4% (29/158) 20.9% (14/67) 16.5% (15/91) 0.479

Fibroscan® performed, if currently HCV-RNA
positive

93.2% (41/44) 76.9% (10/13) 100% (31/31) 0.006

Sufficient quality‡ 95.1% (39/41) 100% (10/10) 93.5% (2/31) 0.410

F0/1 (≤7.0 kPa) 59.0% (23/39) 40% (4/10) 65.5% (19/29) 0.157

F2 (>7.0 and ≤9.5 kPa) 10.3% (4/39) 20% (2/10) 7.0% (2/29) 0.239

F3/4 (>9.5 kPa) 30.8% (12/39) 40% (4/10) 27.6% (8/29) 0.463

≥7.5 kPa 38.5% (15/39) 60% (6/10) 31.0% (9/29) 0.105

HCV – further evaluation and treatment

Median age (y) at HCV diagnosis (IQR) 29 (24-38)
(n = 102)

34 (26-39)
(n = 45)

28 (23-33)
(n = 57)

0.076

Years between first IDU and HCV diagnosis
(IQR)

9 (4-16)
(n = 92)

9 (6-22)
(n = 35)

8 (3-13)
(n = 57)

0.088

HCV-RNA test, if HCV positive 78.0% (85/109) 68.8% (33/48) 85.2% (52/61) 0.039

Currently RNA positive 51.8% (44/85) 39.4% (13/33) 59.6% (31/52) 0.069

Genotype available 86.4% (38/44) 76.9% (10/13) 90.3% (28/31) 0.237

Genotype distribution: 0.703

Genotype 1 47.4% (18/38) 60% (6/10) 42.9% (12/28)

Genotype 2 2.6% (1/38) 0% (0/10) 3.6% (1/28)

Genotype 3 31.6% (12/38) 20% (2/10) 35.7% (10/28)

Genotype 4 18.4% (7/38) 20% (2/10) 17.9% (5/28)

Spontaneous clearance 23.5% (20/85) 33.3% (11/33) 17.3% (9/52) 0.090

HCV treatment-uptake, if no SC 43.1% (28/65) 45.5% (10/22) 41.9% (18/43) 0.782

SVR 75.0% (21/28) 80% (8/10) 72.2% (13/18) 0.649

Hepatitis A/B

HAV serology available 38.5% (79) 32.7% (34) 44.6% (45) 0.081

Immunity (after infection or vaccination) 54.4% (43/79) 55.9% (19/34) 53.3% (24/45) 0.821

Interpretable HBV serology available§ 48.8% (100) 41.3% (43) 56.4% (57) 0.031

Immunity

After vaccination¶ 21.0% (21/100) 16.3% (7/43) 24.6% (14/57) 0.314
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Total
(n = 205)

Decentralised*
(n = 104)

Centralised†

(n = 101)
p-value

After infection** 40.0% (40/100) 39.5% (17/43) 40.4% (23/57) 0.934

Unclear†† 6.0% (6/100) 11.6% (5/43) 1.8% (1/57) 0.040

No‡‡ 33.0% (33/100) 32.6% (14/43) 33.3% (19/57) 0.935

HAV = hepatitis A virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HIV = human immunodeficiency virus; IQR = interquartile range; IDU = intravenous drug use; SC =
spontaneous clearance; SVR = sustained virological response * Recruitment in family practice (n = 101) or pharmacy (n = 3) † Recruitment in heroin substitution programme (n
= 51), addiction clinic (n = 29) or Infectious Diseases Outpatient Clinic of the Cantonal Hospital Aarau (n = 21) ‡ Success rate >60% and IQR/median <30% § 13 HBV serology
results not interpretable regarding immunity (decentralised: 12, centralised: 1) ¶ Anti-HBs positive/>10 U/l and anti-HBc negative ** anti-HBc positive †† Immunity after vaccination
or infection (anti-HBs positive/>10 U/l and anti-HBc unknown) ‡‡ Anti-HBs and anti-HBc negative

able), but no check-up for sustained viral response was per-
formed. In the centralised setting, 43 patients who had ever
had chronic HCV infection minus 13 with sustained vi-
rological response resulted in 31 (rather than 30) patients
currently HCV RNA-positive, because one patient with a
sustained virological response was reinfected.
To investigate whether the quality of HCV work-up de-
pends on caseload, we compared the HCV cascades of pa-
tients cared for by physicians with <10 versus ≥10 drug
substitution patients in the decentralised setting (supple-
mentary table S1 in appendix 1). With the physicians hav-
ing <10 drug substitution patients (90.1% of all 161 physi-
cians and 49.4% of all 631 patients), a higher proportion

of patients had HCV RNA testing if HCV positive (100 vs
64.3%, p = 0.022) and liver fibrosis assessment by liver
biopsy if ever chronically HCV infected (85.7 vs 42.9%, p
= 0.061). However, patients and physicians from the <10
drug substitution patients/physician group were underrep-
resented in the decentralised setting (table S2).

Compliance with further guidelines – decentralised vs
centralised setting
Overall, 25.9% (53/205) had never been HIV screened be-
fore (fig. 3). The proportion was twice as high in the de-
centralised than in the centralised setting (34.6 vs 16.8%,
p = 0.004) (fig. 5, table 2). Offering HIV rapid tests within

Figure 3: Proportion of patients not evaluated according to guidelines (total study population, n = 205), before and after HCV–rapid tests and
Fibroscan® within our study.HCV = hepatitis C virus; HIV = human immunodeficiency virus; HAV = hepatitis A virus; HBV = hepatitis B virus;
before = before HCV rapid tests and Fibroscan® within our study, after = after HCV rapid tests and Fibroscan® within our study

Table 3: Characteristics of the 14 new HCV diagnoses made by rapid test.

Age (y) Sex Ever IDU First IDU First HCV diagnosis Prior negative HCV test HCV RNA (Genotype) Fibroscan® (kPa)

34 M 1 ? 2013 (D) 2008 ? 6.1

44 M 1 1990 2013 (D) – 14468 (1a) –

42 F 1 1988 2013 (D) – 0 –

47 F 0 – 2013 (D) – 0 7.5

38 M 1 1992 2013 (D) – ? 6.4

29 M 1 2007 2013 (D) 2012 ? –

46 M 0 – 2013 (D) – 0 6.1

22 M 1 2003 2013 (C) – ? 5.4

42 M 1 1984 2014 (C) 2013 636000 (1a) 4.0

38 M 1 2000 2014 (D) – ? –

45 M 1 1989 2014 (C) 2000 2580000 (3) 6.8

51 M 1 1987 2014 (C) – 0 4.9

39 M 1 1991 2015 (D) – ? 6.9

27 M 1 2015 2015 (C) – 3120 (4) 6.8

M = male, F = female, IDU = intravenous drug use, 1 = yes, 0 = no, HCV = hepatitis C virus, (D) = decentralised setting, (C) = centralised setting, ? = unknown All 14 patients
were human immunodeficiency virus negative.
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our study, we reduced the proportion never HIV screened
to 2.4% (5/205).
Yearly HIV and HCV screening in seronegative patients
was also more rarely performed in the decentralised setting
(10.3 vs 30.0%, p <0.001 and 14.8 vs 35.0%, p = 0.022,
respectively) (table 2). Of the HCV-positive patients with
negative HCV RNA in the decentralised setting, 36.6%
had had an HCV RNA determination ≤1 year ago, com-
pared with 47.6% in the centralised setting (p = 0.301).
The proportion with known hepatitis A virus (HAV) and
hepatitis B virus (HBV) serostatus was lower in the de-
centralised setting (32.7 vs 44.6%, p = 0.081 and 41.3 vs
56.4%, p = 0.031, respectively) (table 2, fig. 5). Among
those with available HAV/HBV serology, 54.4% were im-
mune to HAV and 67.0% to HBV (59.7% of them after in-
fection, only 31.3% after vaccination), with no setting-spe-
cific differences. None of the patients had chronic hepatitis
B (positive HBs-antigen).

HIV and HCV rapid tests
Of the 192 HIV rapid tests, all 13 from patients with
known HIV infection were positive (6.8%) (2 HIV positive
patients not tested). There were no new diagnoses.
Of the 192 HCV rapid tests, 94 (49.0%) were positive.
Fourteen HCV infections were newly diagnosed (table 3).
Ten test results were false negatives (table 4).

In 8/10 patients with a false negative HCV rapid test, HCV
RNA was undetectable (2 unknown), either due to spon-
taneous clearance or previous successful HCV treatment.
The presumed date of infection (in most cases shortly after
the first intravenous drug use [43, 44]) was more than 10
years ago.
Due to 10 false negative results, sensitivity was 90.4%
(95% CI 84.7–96.1%) and the negative predictive value
89.8% (95% CI 83.8–95.8%), whereas specificity and pos-
itive predictive value were 100% (no false positive results)
(table 5).

HIV and HCV prevalence
HIV and HCV seroprevalence was 7.4 and 53.7%, respec-
tively (table 2). Both were higher in the centralised setting
(10.9 vs 4.0%, p = 0.060 and 60.4 vs 47.1%, p = 0.057, re-
spectively). HIV infection only occurred as HIV/HCV co-
infection (no HIV mono-infection) and without any new
diagnoses since 2008.
The proportion of HIV/HCV-negative patients was higher
in the decentralised setting (53.5 vs 39.6%, p = 0.048).

Fibroscan®

Of the 167 Fibroscans® performed, 158 (94.6%) were of
sufficient quality (success rate >60% and interquartile
range/median <30%). For all 8 patients with a success
rate ≤60%, the body mass index (BMI) was elevated (four

Table 4: Characteristics of the 10 patients with false negative HCV rapid tests.

Age (y) Sex Ever IDU First IDU First HCV-diagnosis HCV treatment HCV–RNA

35 F 1 1996 2012 – 0

50 M 1 1981 1997 – 0

40 M 0 – 2001 – 0

42 F 1 1987 2012 ? 0

48 F 1 1983 1992 – 0

40 M 1 ? 1991 1993, SVR 0

43 M 1 1996 2012 – 0

48 M 1 ? 1997 – ?

40 F 1 1995 1996 1996, SVR 0

39 M 1 2001 2009 – ?

M = male, F = female, IDU = intravenous drug use, 1 = yes, 0 = no, HCV = hepatitis C virus, ? = unknown, SVR = sustained virological response All 10 patients were HIV negative.

Table 5: Performance of the HCV antibody rapid test (OraQuick®).

HCV serology

Positive Negative Total

Positive (a) 94 (b) 0 94HCV rapid test

Negative (c) 10 (d) 88 98

Total 104 88 192

Prevalence = (a+c)/(a+b+c+d) = 104/192 = 54.2% (95% CI 47.1–61.1%) Sensitivity = a/(a+c) = 94/104 = 90.4% (95% CI 84.7–96.1%) (proportion of HCV antibody positives,
correctly identified by the rapid test) Specificity = d/(b+d) = 88/88 =100% (proportion of HCV antibody negatives, correctly identified by the rapid test) PPV (positive predictive
value) = a/(a+b) = 94/94 = 100% (proportion of individuals with a positive rapid test result, who is actually HCV antibody positive) NPV (negative predictive value) = d/(c+d) = 88/
98 = 89.8% (95% CI 83.8–95.8%) (proportion of individuals with a negative rapid test result, who is actually HCV antibody negative)

Table 6: Currently HCV–RNA positive patients qualifying for reimbursement of interferon–free DAA (Direct–acting antivirals) treatment in Switzerland.

Currently HCV RNA positive patients

Total
(n = 44)

Decentralised*
(n = 13)

Centralised†

(n = 31)

p–value

Fibroscan® ≥7.5 kPa or Metavir ≥F2 in liver biopsy 34.1% (15) 46.2% (6) 29.0% (9) 0.274

Irrespective of liver fibrosis:

IDU‡ 97.7% (43) 92.3% (12) 100.0% (31) 0.118

HIV‡ 22.7% (10) 23.1% (3) 22.6% (7) 0.971

Genotype 1 or 4§ 56.8% (25) 61.5% (8) 54.8% (17) 0.682

n = number, IDU = intravenous drug use, HCV = Hepatitis C virus, HIV = Human immunodeficiency virus, DAA = Direct–acting antivirals * Recruitment in family practice (n = 12)
or pharmacy (n = 1) † Recruitment in heroin substitution program (n = 11), addiction clinic (n = 8) or Infectious Diseases Outpatient Clinic of the Cantonal Hospital Aarau (n = 12)
‡ Since May 2017 § Since July 2017
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overweight [BMI 25–29.9 kg/m2], one with class I obesity
[BMI 30–34.9 kg/m2], one with class II obesity [BMI
35–39.9 kg/m2], two with class III obesity [BMI ≥40 kg/
m2]).

Overall (n = 158), 71.5% had no/mild fibrosis (F0/1),
10.1% significant fibrosis (F2), 7.0% severe fibrosis (F3)
and 11.4% cirrhosis (F4) (table 2, fig. 6).
F3/4 prevalence was five-fold higher in HCV antibody-
positive patients (28.4 vs 5.7%, p <0.001) and three-fold
higher with current alcohol consumption >40 g/d (35.7 vs

Figure 4: HCV cascade according to place of recruitment (decentralised versus centralised setting), before and after HCV rapid tests and Fi-
broscan® within our study.HCV = hepatitis C virus; SVR = sustained virological response; before = before HCV rapid tests and Fibroscan®

within our study; after = after HCV rapid tests and Fibroscan® within our studyA = first diagnostic gap – no HCV antibody screening: 33.7%
(35/104) vs 13.9% (14/101) (p<0.001) → 2.9% (3/104) vs 1.0% (1/101) (p=0.327); B = second diagnostic gap – no HCV RNA determination, if
HCV positive: 25.6% (10/39) vs 14.3% (8/56) (p = 0.165) → 31.3% (15/48) vs 14.8% (9/61) (p=0.039); C = third diagnostic gap – HCV geno-
type unknown, if ever chronic HCV infection: 33.3% (7/21) vs 12.5% (5/40) (p=0.052) → 31.8% (7/22) vs 11.6% (5/43) (p=0.047); D = fourth di-
agnostic gap – no liver fibrosis assessment, if ever chronic HCV infection: 42.9% (9/21) vs 57.5% (23/40) (p = 0.277) → 4.5% (1/22) vs 0.0%
(0/43) (p = 0.159). E = treatment uptake gap – never treated, if ever chronic HCV infection: 52.4% (11/21) vs 55.0% (22/40) (p = 0.845) →
54.5% (12/22) vs 58.1% (25/43) (p = 0.782). F = treatment success gap – treated, but no sustained virological response: 20.0% (2/10) vs
27.8% (5/18) (p = 0.649) → 20.0% (2/10) vs 27.8% (5/18) (p = 0.649).

Figure 5: Noncompliance with guidelines according to place of recruitment – decentralised (n = 104) versus centralised setting (n = 101) – be-
fore and after HCV rapid tests and Fibroscan® within our study.HCV = hepatitis C virus; HIV = human immunodeficiency virus; HAV = hepatitis
A virus; HBV = hepatitis B virus; decentral = decentralised setting (n=104); central = centralised setting (n=101); before = before HCV rapid
tests and Fibroscan® within our study; after = after HCV rapid tests and Fibroscan® within our study
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12.3%, p <0.001). It was highest with HIV/HCV co-infec-
tion (50.0%) and HCV infection plus current alcohol con-
sumption >40 g/d (44.8%). Both HIV co-infection and al-
cohol overconsumption doubled the risk of severe fibrosis/
cirrhosis in HCV positive individuals (RR 2.06, 95% CI
1.06–3.98 and RR 2.17, 95% CI 1.14–4.13, respectively).
Among patients currently HCV RNA positive (n = 39), F3/
4-prevalence was 30.8%, 10.3% had F2 and 59.0% F0/1.
In the centralised setting (questionnaire, rapid tests and Fi-
broscan® during the same session), Fibroscan® coverage
was 94.1%, compared with 69.2% in the decentralised set-
ting (Fibroscan® at a separate appointment, mostly in a dif-
ferent place).

HIV further evaluation and treatment
Overall, there were 15 HIV-infected patients (diagnosed
1986–2008), 11 in the centralised and 4 in the decen-
tralised setting. All were HCV co-infected and under an-
tiretroviral therapy. HIV RNA was fully suppressed in 13
(86.7%). One patient had 143 copies/ml (blip) and another
5020 copies/ml (antiretroviral therapy restarted). In all pa-
tients, last CD4 count was ≥350/µl, in 86.7%, it was ≥500/
µl.

HCV further evaluation and treatment
Although the median age at first intravenous drug use was
similar in the decentralised and centralised setting (20 vs
19 years; table 1), the median age at HCV diagnosis was 6
years higher in the decentralised setting (34 vs 28 years, p
= 0.076) (table 2).
Including the 14 new HCV diagnoses, 24/109 (22.0%)
HCV seropositive patients had no HCV-RNA test, and 6/
44 (13.6%) currently HCV-RNA positive individuals no
HCV genotyping.

The spontaneous HCV clearance rate was higher in the de-
centralised setting (33.3 vs 17.3%, p = 0.090), reflecting
a higher proportion of women with higher spontaneous
clearance rates (36.8% [7/19] vs 19.7% [13/66]) and a low-
er proportion of HIV-positive patients with lower sponta-
neous clearance rates (13.3% [2/15] vs 25.7% [18/70]). In
those without spontaneous clearance, HCV treatment up-
take was 43.1%, with no significant differences regarding
setting, gender and HIV serostatus.
All 28 HCV treatments (6 HIV co-infected patients) con-
sisted of (pegylated) interferon with or without ribavirin.
Two patients with HCV genotype 1 additionally received
telaprevir and boceprevir, respectively. Overall, treatment
outcome was: 75.0% sustained virological response (3
HIV co-infected), 7.1% relapse (1 HIV co-infected), 3.6%
viral breakthrough, 3.6% nonresponse and 10.7% preterm
stop (2 HIV co-infected). There were no gender-specific
differences regarding the sustained virological response
rate, but it was lower in HIV-positive individuals: 50.0%
(3/6) vs 81.8% (18/22), p = 0.111. Sustained virological
response rates according to genotype were: genotype 1
72.7% (8/11), genotype 3 87.5% (7/8) and genotype 4 0%
(0/2) (in 7 genotype was unknown).
Among currently HCV RNA-positive patients (still in need
of treatment), genotype distribution (n = 38) was: 47.4%
genotype 1 (12 1a, 2 1b, 4 subtype unknown, 15/18 treat-
ment-naïve, 6 HIV co-infected), 2.6% genotype 2 (1 treat-
ment-naïve HIV co-infected), 31.6% genotype 3 (10/12
treatment-naïve, 3 HIV co-infected) and 18.4% genotype 4
(5/7 treatment-naïve).

Discussion

Our study in decentralised and centralised drug substitu-
tion programmes of the canton Aargau, a mixed urban and

Figure 6: Fibroscan® results and proportion with severe fibrosis/cirrhosis (Metavir F3/4; liver stiffness >9.5 kPa) in different risk groups.HCV
ab– = hepatitis C virus antibody negative; HCV ab+ = hepatitis C virus antibody positive; HIV ab– = human immunodeficiency virus antibody
negative; HIV ab+ = human immunodeficiency virus antibody positive; Alc ≤40 = alcohol intake ≤40 g/d; Alc >40 = alcohol intake >40 g/d
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rural area in Northwestern Switzerland with about 650 000
inhabitants, revealed four diagnostic- and two treatment-
related gaps in the HCV cascade: 23.9% had never been
HCV screened before; 18.9% of the HCV positive patients
had no HCV RNA test; Of the chronically HCV-infected
patients, 19.7% were not HCV genotyped, 52.5% had no
liver fibrosis assessment, and 54.1% never received treat-
ment; 25.0% of the treated patients did not achieve sus-
tained virological response.
Gaps in the HCV cascade are also described in other parts
of the world. In Southern China, HCV test uptake in 45
methadone clinics was 78% [45]. In British Columbia,
Canada, 74% of HCV-positive persons had an HCV RNA
test and of those who were HCV RNA positive, 85% were
genotyped, 28% treated and 17% achieved sustained viro-
logical response [46]. In the US in 2014, 50% of the esti-
mated number of people with chronic HCV infection were
diagnosed, 27% HCV RNA confirmed, 17% liver fibrosis
staged and 16% treated, and 9% had sustained virological
response [47]. In Australia, 75% of the estimated number
of the chronically HCV infected were diagnosed, 20% ever
treated and 11% cured [48].
Offering free HCV antibody rapid tests (OraQuick®) [38]
on capillary blood (finger-stick), we could easily close the
first diagnostic gap “no HCV antibody screening”. With 14
newly diagnosed HCV infections among 102 patients as-
sumed to be HCV negative, the number needed to test was
8. For 8 of the 10 HCV-infected patients missed by this
test (sensitivity: 90.4%), HCV RNA was known. All were
HCV RNA negative, due to either spontaneous clearance
of the virus or successful treatment, and thus neither infec-
tious nor in need of treatment. The presumed date of infec-
tion, shortly after first intravenous drug use [43, 44], was
more than 10 years ago. Assuming early viral clearance, it
is imaginable that HCV antibody titres had decreased be-
low the limit of detection in the absence of HCV RNA as
an immunostimulant [49–51].
The second diagnostic gap “no HCV RNA determination,
if HCV positive” still needs to be closed. Possible methods
using capillary blood are dried blood spot [52] and GeneX-
pert® point-of-care testing [53–55]. Providing results with-
in 60–105 minutes, the latter might improve linkage to care
[56, 57]. None of these methods has been approved so far,
restricting access to study settings.
In the context of direct-acting antivirals effective against
all HCV genotypes, such as sofosbuvir/velpatasvir [58],
the third diagnostic gap “no HCV genotype, if HCV RNA
positive” becomes less important [59].
The fourth diagnostic gap refers to liver fibrosis assess-
ment. Liver biopsy is an invasive method with relevant ad-
verse effects: 20% pain, 0.5% major complications (e.g.,
bleeding, haemobilia), and 0.01–0.1% mortality [60, 61],
and thus was often refused or not repeated. Only 36.4%
of the 44 currently HCV RNA-positive patients had under-
gone liver biopsy, with >50% of the results being >3 years
old. Offering noninvasive liver fibrosis staging with mo-
bile Fibroscan®, we could efficiently close this diagnostic
gap. The acceptance rate was especially high (94.1%) if the
examination was offered in one session together with ques-
tionnaire and rapid tests (“one-stop strategy”).
At 45.9%, HCV treatment uptake was higher than the
23.1% in three drug substitution programmes in St Gallen
in 2009, comparable to the 37.5% among drug substitution

patients in the Swiss Hepatitis C Cohort Study (SCCS) in
2010, but lower than the 64.5% among nonusers of in-
jectable drugs in the SCCS in 2010 [33]. Low treatment
success rates (40–80%) and side effects of the (pegylated)
interferon / ribavirin treatment [62] explain the low treat-
ment uptake in earlier years. Besides, PWID have long
been perceived to have lower adherence, more side effects
and lower treatment response rates than nonusers of in-
jectable drugs, which is not true [27–29]. Even in patients
with active intravenous drug use, the reinfection rate is as
low as 2–6/100 patient-years [63]. In 2002, international
consensus guidelines for the first time did not advise
against HCV treatment in PWID and heroin/methadone re-
cipients [64–66]. In the 2016 guidelines, treatment of pa-
tients with active intravenous drug use is even a priority
because of their risk of transmitting HCV [67].
The WHO aims at eliminating hepatitis C as a public
health threat by the year 2030 [68]. Mathematic models
have shown that needle and syringe programmes and opi-
oid substitution therapy alone are not sufficient to prevent
new infections, but more PWID must be treated [69]. Ac-
cording to the WHO, treatment uptake should be increased
to 80% [68].
Increased treatment uptake is facilitated by the availability
of new potent drugs (directly acting antivirals) that close
the treatment success gap (90–100% sustained virological
response for all genotypes) with virtually no side effects,
shorter duration of treatment (8–12 instead of 24–48
weeks) and the convenience of one pill once daily [17, 70].
Reimbursement restrictions are another important barrier
to HCV treatment [23]. Until recently, access to direct-act-
ing antivirals in Switzerland was universally restricted to
patients with at least significant fibrosis (Metavir F2) doc-
umented either once in a liver biopsy or twice with Fi-
broscan® (≥7.5 kPa) at least 3 months apart. About two
thirds of our currently HCV RNA-positive patients did not
fulfil this criterion. Since 1 May 2017, direct-acting antivi-
ral reimbursement in Switzerland is extended to HIV- or
HBV-co-infected patients and to PWID irrespective of fi-
brosis stage. For injectable drug users, opioid substitution
/addiction therapy and directly observed therapy are re-
quired [24] (www.spezialitätenliste.ch). Thus, 97.9% of
our currently HCV RNA-positive patients can now be
treated.
Compliance with guidelines was worse in the decentralised
setting (family practices / pharmacies) than in the cen-
tralised setting (heroin substitution programme, addiction
clinics, Infectious Diseases Outpatient Clinic). A higher
proportion of patients had no HIV and HCV screening test,
no HCV RNA test if HCV positive, no HCV genotype if
HCV RNA positive, and no HAV and HBV serology. In-
dependent of setting, 45.6% lacked immunity against HAV
and 33.0% against HBV, and thus should be vaccinated.
Care in the decentralised setting was remarkably stable. At
5.9 vs 0.6 years, the median time spent in the programme
was significantly longer and half of the patients appeared
only once a week or even less frequently to pick up the
substitution drugs. In a qualitative study in the UK, HCV
diagnosis delay was attributed to, among other factors,
GP inaction. Diagnosis involved a change of healthcare
providers or a chance medical encounter [71]. To counter
this problem, the yearly renewal of opioid substitute pre-
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scription could be linked to an obligation to screen and
document patients for HIV and viral hepatitis.
In our patients (77.8% ever intravenous drug users), HCV
antibody prevalence was 53.7% and HCV RNA prevalence
27.8%. HIV infection only occurred as HIV/HCV co-in-
fection and had a prevalence of 7.4%. The lower propor-
tion of ever intravenous drug users in the decentralised set-
ting correlated with a lower HCV and HIV prevalence.
Remarkably, there were no HIV diagnoses in our patients
since 2008, suggesting that opioid substitution, needle and
syringe programmes, and antiretroviral therapy (100% of
our patients) efficiently prevent HIV transmission. In con-
trast, HCV transmission is still ongoing. Two of the 14
newly diagnosed HCV infections had occurred during the
previous year. In addition to sharing contaminated needles
and syringes, HCV can also be transmitted by sharing
spoons, water, filter [72] or snorting straws for intranasal
drug use [73].

Strengths and limitations
Of the 631 patients living and receiving opioid substitution
in the canton Aargau, only one third could be enrolled. It
is unclear whether time constraints on the treating physi-
cians, difficulties with the provided capillary blood tests,
the unwillingness of the patients or other reasons resulted
in this low recruitment rate. It must be assumed that
providers of opioid substitution therapy participating in our
study are more involved in the management of hepatitis C
than those not participating (response bias). Thus, compli-
ance with guidelines is rather overestimated and might be
worse in nonresponders.
Patients in the decentralised setting were mainly recruited
during the first year (July 2013 to June 2014) and patients
in the centralised setting during the second year (July 2014
to June 2015). Although, the first interferon-free direct-
acting antiviral treatments were approved in Switzerland
during the second year – sofosbuvir in August 2014, ledi-
pasvir/sofosbuvir in February 2015, ritonavir-boosted par-
itaprevir, ombitasvir and dasabuvir in February 2015 [17]
– none of the patients was treated with these drugs.
For patients recruited by GPs, we had no access to the
medical records to verify the information given in the
questionnaire allowing reporting bias.
Another ~170 patients live in the canton Aargau, but re-
ceive their opioid substitution in another canton, and have
therefore not been considered for this study.
Data of our cross-sectional study as well as follow-up
data contribute to the Swiss Association for the Medical
Management in Substance User (SAMMSU) cohort study
(www.sammsu.ch), which will provide a nationwide pic-
ture of the hepatitis C management in drug substitution
programs.

Conclusion and future strategies

Overall, 53.7% of our drug substitution patients were
HCV-antibody positive, with a 27.8% prevalence of active
infection. Whereas HCV transmission is still ongoing, HIV
has not been newly diagnosed since 2008.
Measured against the guidelines, management of hepatitis
C was worse in the decentralised setting (family practices
/ pharmacies) than in the centralised setting (heroin sub-
stitution programme, addiction clinics, Infectious Diseases

Outpatient Clinic). Access to these patients needs improve-
ment, ideally linked to the yearly renewal of the opioid
substitution therapy prescription.
HCV screening with the HCV antibody rapid test
Oraquick® using finger-prick blood and liver fibrosis as-
sessment with mobile Fibroscan® are convenient methods
to close two of four diagnostic gaps in the HCV cascade.
Acceptance of these minimally invasive point-of-care di-
agnostics is highest if they are offered as a “one-stop strat-
egy”. HCV RNA determination in capillary blood is still
an unmet need in this population with destroyed peripheral
veins.
The new direct acting antivirals, characterised by shorter
treatment duration, virtually no side effects, 90 to 100%
sustained virological response rate for all genotypes, ir-
respective of HIV status [74], high convenience (one pill
a day) and pangenotypic activity, can close the treatment
success gap and facilitate treatment-uptake. Restricting re-
imbursement to advanced liver fibrosis withholds treat-
ment from two thirds of the currently HCV RNA positive
individuals and makes it impossible to reach the WHO
goal of 80% treatment uptake necessary to eliminate he-
patitis C as a public health threat by 2030.
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Appendix 1 Supplementary material

Table S1: HCV cascade of patients cared for by physicians with <10 versus ≥10 drug substitution patients in the decentralised setting, before and after HCV rapid tests and Fi-
broscan®.

Before HCV rapid tests and Fibroscan® After HCV rapid tests and Fibroscan®

<10 drug substitution pa-
tients/physician
(21 physicians)

(30 patients)

≥10 drug substitution pa-
tients/physician
(7 physicians)
(74 patients)

p–value <10 drug substitution pa-
tients/physician
(21 physicians)

(30 patients)

≥10 drug substitution pa-
tients/physician
(7 physicians)
(74 patients)

p–value

Physicians 75.0% (21/28) 25.0% (7/28) 75.0% (21/28) 25.0% (7/28)

Study patients 28.8% (30/104) 71.2% (74/104) 28.8% (30/104) 71.2% (74/104)

Ever HCV screened 70.0% (21/30) 64.9% (48/74) 0.616 100.0% (30/30) 95.9% (71/74) 0.263

36.7% (11/30) 37.8% (28/74) 0.911 50.0% (15/30) 44.6% (33/74) 0.616HCV antibody positive

52.4% (11/21) 58.3% (28/48) 0.646 50.0% (15/30) 46.5% (33/71) 0.746

HCV RNA test, if HCV positive 100.0% (11/11) 64.3% (18/28) 0.022 86.7% (13/15) 60.6% (20/33) 0.071

23.3% (7/30) 18.9% (14/74) 0.611 26.7% (8/30) 18.9% (14/74) 0.381Ever chronic HCV infection

63.6% (7/11) 77.8% (14/18) 0.408 61.5% (8/13) 70.0% (14/20) 0.614

Genotype known 71.4% (5/7) 64.3% (9/14) 0.743 75.0% (6/8) 64.3% (9/14) 0.604

Liver fibrosis assessed 85.7% (6/7) 42.9% (6/14) 0.061 87.5% (7/8) 100% (14/14) 0.176

Ever treated 57.1% (4/7) 42.9% (6/14) 0.537 50.0% (4/8) 42.9% (6/14) 0.746

SVR 75.0% (3/4) 83.3% (5/6) 0.747 75.0% (3/4) 83.3% (5/6) 0.747

HCV = hepatitis C virus, SVR = sustained virological response

Table S2: Patients and physicians recruited in the decentralised setting.

<10 drug substitution patients/physician
(145 physicians)

(312 patients)

≥10 drug substitution patients/physician
(16 physicians)
(319 patients)

p–value

All physicians (n = 161) 90.1% (145/161)

Physicians recruited in the decentralised setting
(n=28)

75.0% (21/28)

0.024

All patients (n = 631) 49.4% (312/631)

Patients recruited in the decentralised setting (n
= 104)

28.8% (30/104)

<0.001

Physicians recruited in the decentralised setting 14.5% (21/145) 43.8% (7/16) 0.015

Patients recruited in the decentralised setting 9.6% (30/312) 23.2% (74/319) <0.001

Figure S1: Patients currently HCV RNA positive, i.e., still in need of treatment: current state of evaluation and fulfilment of criteria for reim-
bursement of interferon-free direct-acting antivirals treatment in Switzerland.HCV = hepatitis C virus; IDU = intravenous drug use; HIV = hu-
man immunodeficiency virus; total = total study population (n = 205); decentral = decentralised setting (n = 104); central = centralised setting
(n = 101)
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