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Summary

BACKG ROUND: In opioid agonist therapy (OAT) pro-
grammes, chronic hepatitis C is highly prevalent and di-
rectly observed therapy guarantees optimal adherence. 
Since 2017, all patients with chronic hepatitis C in Switzer-
land can be treated with pangenotypic direct-acting an-
tivirals irrespective of liver fibrosis stage. Until the end of 
2021, however, prescription was restricted to infectious 
disease specialists, gastroenterologists and certain addic-
tion specialists. Difficult venous access after long-term in-
travenous drug use and, in the case of referral to a spe-
cialist, difficulties keeping appointments are barriers to 
HCV diagnosis and treatment.

AIMS: To assess whether minimally invasive point-of-care 
tests and a “test-and-treat / vaccinate on-site” approach 
can improve human immunodeficiency virus (HIV) / he-
patitis C virus (HCV) screening, HCV treatment uptake 
and immunity against hepatitis A/B.

METHODS: Since September 2018, an infectious disease 
specialist and a study nurse performed 4-weekly visits in 
the OAT programme “HAG ” (heroin dispensation of the 
canton Aargau), offering HIV/HCV antibody rapid testing 
(20 min) and HCV RNA quantification (G eneXpert®, 60 
min) from capillary blood, noninvasive liver fibrosis as-
sessment (Fibroscan®, 5–10 min) and HCV treatment pre-
scription on-site. Recommended venous blood draws for 
HAV/HBV serology and HAV/HBV vaccinations were per-
formed by the staff of the “HAG”. Project performance was 
assessed by annual cross-sectional chart review.

RESULTS: Of the 128 patients registered in April 2018, 
79 (62%) were still present in May 2021. With 72 newly 
registered, a total of 200 patients could be assessed, of 
whom 129 (65%) were still present in May 2021. Be-
tween April 2018 and May 2021, the proportion ever test-
ed for HIV antibodies increased from 79% (101/128) to 
91% (117/129), the proportion ever tested for HCV an-
tibodies from 83% (106/128) to 93% (120/129) and the 
proportion of those HCV antibody positive ever tested for 
HCV RNA tested from 89% (47/53) to 98% (56/57). The 
proportion with adequate HCV management (last HCV 
antibody test ≤1 year ago, if HCV antibody negative or 
last HCV RNA test ≤1 year ago, if HCV antibody-positive 
and RNA-negative) improved from 23% ([15 + 15]/128) to 
80% ([55 + 48]/129). Overall, HCV treatment uptake in-

creased from 60% (21/35) to 92% (55/60) and HCV RNA 
prevalence among the HCV antibody positives decreased 
from 38% (18/47) to 7% (6/84). Between 2018 and 2021, 
19 non-cirrhotic chronic hepatitis C patients were success-
fully treated on-site (18 sustained virological responses 
[SVR] 12, 1 SVR4), with excellent adherence (≥93%) and, 
so far, no reinfection. The proportion with known HAV/
HBV serostatus increased from 38%/51% to 64%/76%. 
Immunity against HAV/HBV improved from 19%/23% to 
50%/57%.

CONCLUSION: Capillary blood point-of-care tests and a 
“test-and-treat / vaccinate on-site” approach remove cru-
cial barriers to diagnosis and treatment, making hepatitis 
elimination in OAT programmes achievable. A high fluc-
tuation rate requires HIV/HCV/HAV/HBV testing at admis-
sion, but also allows more patients to be screened.

Introduction

Hepatitis C is a blood-borne viral infection transmissible 
by sharing equipment for injection (needle, syringe, water, 
spoon, filter) [1] or intranasal drug use (snorting straws) [2, 
3]. Hepatitis C virus (HCV) infections in Switzerland are 
mainly related to intravenous drug use [1, 4, 5]. In Switzer-
land, there are 22,000–27,000 people who use drugs 
(PWUD) [6]. About 80% are cared for in an opioid agonist 
therapy (OAT) programme (oral OAT: 18,000, heroin: 
1600) [7] and 7700–15,400 are HCV infected [8]. HCV an-
tibody prevalence is 26–48% in oral OAT programmes and 
60–80% in heroin substitution programmes [7], which is 
markedly higher than the 0.7% in the Swiss general popu-
lation [9]. Twenty-seven percent of the OAT patients have 
ongoing intravenous drug use [10]. In 60%, OAT is pre-
scribed by a general practitioner (GP) [7]. However, the 
OAT provider, who sees the patient at least once a week, 
is in 49% a pharmacy, in 26% the treating physician and 
in 21% an institution [11]. The respective numbers for the 
737 OAT patients of the canton Aargau in 2020 were 82%, 
2% and 16% [12]. The Outpatient Centre for Opioid Ago-
nist Therapy (HAG) of the Psychiatric Services Aargau in 
Brugg with ~130 patients overall is the only institution of-
fering heroin substitution in the canton Aargau.

After HCV infection, 25% of the infected persons spon-
taneously clear the virus within 6 months [13], and 75%
develop chronic disease. Of the latter, about 20% develop 
liver cirrhosis after 20 years [14], with an annual risk of
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hepatocellular carcinoma of 1–5% and of hepatic decom-
pensation of 3–6%. In the year following a decompensa-
tion episode, 15–20% die [15]. Since approximately 80%
of cases of acute HCV infection are anicteric and asympto-
matic [16] and chronically infected patients mostly present
with nonspecific symptoms slowly appearing over years,
such as fatigue, joint pain and neurocognitive disorders
[17], hepatitis C may remain undetected for years and be-
come a “silent killer” [18]. In Switzerland, five times more
people die from HCV (2.5/100,000) than from HIV (hu-
man immunodeficiency virus) (0.5/100,000) or HBV (he-
patitis B virus) (0.5/100,000) [9].

In contrast to HAV (hepatitis A virus) and HBV, there are
currently no effective vaccines against HCV [19, 20] and
HIV [21]. However, harm reduction programmes includ-
ing OAT and needle and syringe programmes, which have
been established in Switzerland since the early 1990s [22,
23], reduce the risk of HCV and HIV infection [24–28].
Besides, since 2012, guidelines recommend antiretroviral
treatment (ART) irrespective of CD4 count [29], lowering
the community viral load and contributing to reduced HIV
transmission (treatment as prevention) [30–33]. For HCV,
a mathematical model has shown that OAT and needle and
syringe programmes alone are insufficient to substantially
reduce HCV RNA prevalence in people who inject drugs,
but HCV therapy is required [34].

Since 2017, all patients with chronic hepatitis C in Switzer-
land can be treated with the well-tolerated pangenotypic
direct-acting antivirals, irrespective of liver fibrosis stage
[35, 36]. Sofosbuvir/velpatasvir (once daily one tablet,
with or without food, for 12 weeks) [37] and glecaprevir/
pibrentasvir (once daily three tablets, with food, for 8
weeks) [38, 39] became the new standard. Genotyping be-
came dispensable [40], cure rates increased to 95–100%
irrespective of genotype, HIV co-infection, liver cirrhosis
and prior non-response to interferon [41], and monitoring
could be simplified to HCV RNA determinations at base-
line, week 4, end-of-treatment (week 8 or 12) and 12 weeks
thereafter (sustained virological response [SVR] 12) [41].
Until the end of 2021, direct-acting antiviral (DAA) pre-
scription was restricted to infectious disease specialists,
gastroenterologists and certain addiction specialists expe-
rienced in HCV treatment [42, 43]. Referral to a specialist
is a barrier to treatment for people who inject drugs, who
often have difficulties keeping appointments.

Difficult venous access after long-term intravenous drug
use is another barrier to HCV diagnosis and treatment.
Accordingly, patients enrolled into the Argovian OAT co-
hort have been offered HCV/HIV antibody rapid testing
of capillary blood since July 2013 [44] and capillary HCV
RNA quantification with the GeneXpert® since August
2017 [45–47]. The OraQuick® HCV antibody rapid test
was CE-marked for use with oral fluid, fingerstick whole
blood, venous whole blood, serum and plasma in Decem-
ber 2009 [48]. Its sensitivity is slightly lower for oral fluid
(98.1%) than for fingerstick whole blood (99.7%) [49].
With fingerstick whole blood, its read time can be safely
reduced from 20 to 5 minutes without missing HCV RNA
positive patients [50]. So far, however, this test is not yet
reimbursed in Switzerland. The Xpert® HCV Viral Load
Fingerstick test was CE-approved in September 2018 and

allows HCV RNA quantification in 100 µl capillary whole-
blood within 60 minutes [51, 52].

In Switzerland, the Federal Office of Public Health
(FOPH) published official guidelines for HCV manage-
ment in people who use drugs in March 2019 [53], but
their implementation is still a challenge. Key points al-
ready mentioned in earlier national [54] and international
[55] recommendations are:

– HIV/HCV and HAV/HBV testing of all people who use
drugs,

– Yearly HIV/HCV screening for primary HIV/HCV in-
fection (antibody test) or HCV reinfection (RNA test)
in persons with ongoing drug use (injection or non-in-
jection) or OAT,

– HCV treatment in the case of chronic hepatitis C,

– HIV treatment irrespective of CD4 count [32], and

– HAV/HBV vaccination in the event of lacking immuni-
ty.

To achieve the WHO (World Health Organization) and
Swiss Hepatitis Strategy goal of HCV elimination by 2030
[56, 57], 90% of chronic hepatitis C patients must be di-
agnosed and 80% treated [56]. At the beginning of 2020,
there were an estimated 32,100 remaining viraemic HCV
infections in Switzerland (0.37% viraemic prevalence). By
the end of 2020, 58% (18,600) were diagnosed, 1000 treat-
ed and 970 cured, which is still far away from the elimina-
tion goal [4].

With the aim to improve HIV/HCV screening, HCV treat-
ment uptake and immunity against hepatitis A/B, we start-
ed a hepatitis micro-elimination project in September
2018. An infectious disease specialist and a study nurse
visited the OAT programme “HAG” (heroin dispensation
of the canton Aargau) in Brugg every four weeks offering
HIV/HCV antibody rapid testing and HCV RNA quantifi-
cation from capillary blood, noninvasive liver fibrosis as-
sessment with mobile Fibroscan®, same-day direct-acting
antiviral treatment prescription on-site and recommenda-
tions for HAV/HBV serology and vaccination. We hypoth-
esised that capillary point-of-care tests and a “test-and-
treat / vaccinate on-site”-approach would remove crucial
barriers to diagnosis and treatment, making hepatitis elim-
ination in OAT programmes achievable.

Methods

Ethical considerations

Patients were enrolled into the Argovian OAT cohort study
“Management of hepatitis C in drug substitution pro-
grammes – canton Aargau”, approved by the cantonal
ethics committee (AG/SO 2012/091; PB_2016-02058)
[44], and the Swiss Association for the Medical Manage-
ment in Substance Users (SAMMSU) cohort, approved by
the ethics committees of all participating centres (lead-
ing ethics committee: St Gallen, EKSG 13/144) [33]. All
participants gave written informed consent. Data were
analysed in an anonymised way.

Patient recruitment and data collection

All patients older than 18 years already registered in the
OAT-program “HAG” in 04/2018 or newly admitted there-
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after were eligible (supplementary fig. S1 in the appendix).
Once enrolled into the cohort study, patients were followed
up even if they later left the institution. After a cross-sec-
tional chart review in April 2018 to assess baseline, the
hepatitis elimination project started in September 2018.
Every four weeks (on Monday), an infectious disease spe-
cialist and a study nurse visited the OAT programme HAG
bringing along in a passenger car HIV antibody (Deter-
mine®, Alere/Abbott, 15 min) and HCV antibody rapid
tests (OraQuick®, Orasure, 5–20 min) (one fingerstick for
both tests), mobile GeneXpert® IV (four modules) for cap-
illary HCV RNA quantification (Xpert® HCV Viral Load
Fingerstick, Cepheid, 60 min) and mobile Fibroscan® 420
(Echosens) for noninvasive liver fibrosis assessment (tran-
sient elastography). All tests/examinations were offered
free of charge. Patients were approached by a dedicated
nurse of the HAG, who also performed recommended ve-
nous blood draws for HAV/HBV serology and the HAV/
HBV vaccinations. After Fibroscan® (5–10 min) and a
questionnaire regarding drug use, risk behaviour, comor-
bidities, medication, vaccinations and former laboratory
results (10–15 min), HIV/HCV antibody rapid test results
from the initial capillary blood draw were available and
could be discussed with the patient. In patients known to
be HCV antibody positive, we did not perform an HCV
antibody rapid test, but directly collected 100 µl capillary
whole-blood from the finger with an EDTA Minivette® for
HCV RNA quantification with the Xpert® HCV Viral Load
Fingerstick test [46]. In patients newly diagnosed with the
HCV antibody rapid test, we immediately performed an-
other capillary blood draw for HCV RNA quantification.
Patients were informed about the HCV RNA result via
telephone by the infectious disease specialist the same day.

To also reach patients not able to attend our four-weekly
visits (always on a Monday), we offered two alternatives:

(1) At any time during the opening hours of the OAT pro-
gramme (7 days a week), the trained staff of the HAG
could independently perform HIV and HCV antibody rapid
tests and dried blood spot sampling for HCV RNA quan-
tification in the laboratory [47].

(2) Once a year, GeneXpert® and Fibroscan® were left in
the OAT programme for a whole week (Monday to Mon-
day) allowing the trained staff of the HAG to use them at
any time during the opening hours, supported and super-
vised by our team.

Since according to guidelines, HIV/HCV screening in
OAT patients should be performed at least once a year, pa-
tients were re-approached by the HAG staff as soon as their
test results became older than one year.

Project performance was assessed by annual cross-section-
al chart review (first: April 2018; last: May 2021).

HCV treatment on-site

Direct-acting antivirals were prescribed on-site by the in-
fectious disease specialist visiting the OAT programme
every 4 weeks and dispensed with OAT (≥5x/week, 2–3x/
week, 1x/week or biweekly) ensuring optimal adherence.
HCV RNA monitoring during and after treatment was per-
formed with capillary blood on-site (start, week 4 [adher-
ence assessment by documenting an HCV RNA decrease],
end of treatment [week 8 or 12] and SVR12). In those lack-

ing immunity against hepatitis A/B, HAV/HBV vaccina-
tion (months: 0, [1] and 6) was linked to direct-acting an-
tiviral treatment (start, [week 4], SVR12). To monitor liver 
fibrosis regression under treatment, we performed another 
Fibroscan® at SVR12. At end of treatment and SVR12, pa-
tients were educated regarding the risk of reinfection, mea-
sures to prevent it, life-long HCV antibody persistence, 
and the necessity of at least yearly HCV RNA screening to 
early detect and treat reinfection.

Patients with already established liver cirrhosis (F4) and 
HIV co-infected patients were not eligible for HCV treat-
ment on-site. They were referred to the Gastroenterology 
and Infectious Disease Outpatient Clinics of the cantonal 
tertiary care hospitals Baden and Aarau.

Definitions

Chronic hepatitis C: HCV RNA persistence for >6 months 
after primary or re-infection or an HCV RNA decline of <2 
log U/ml within 4 weeks (“early chronic hepatitis C”) [58, 
59, 60]

Spontaneous clearance: confirmed HCV RNA negative 
without treatment (two HCV RNA measurements at least 4 
months apart)
Sustained virological response (SVR): undetectable HCV 
RNA at least 12 weeks after end of treatment (treatment 
success); If an SVR12 is not available, SVR4 (unde-
tectable HCV RNA at least 4 weeks after end of treatment) 
can be used as a surrogate [61].

HCV treatment uptake: proportion of patients with chronic 
hepatitis C ever treated

Liver fibrosis stage according to Fibroscan®: F0/F1 (no/
mild fibrosis): ≤7.0 kPa; F2 (significant fibrosis): >7.0 kPa 
and ≤9.5 kPa; F3 (severe fibrosis): >9.5 kPa and ≤12.5 
kPa; F4 (cirrhosis): >12.5 kPa [62, 63]. Liver cirrhosis 
was excluded with Fibroscan® ≤12.5 kPa [62], liver biop-
sy (<F4) or APRI (AST to Platelet Ratio Index)-score <1.0 
[64].

Adequate HCV management: HCV antibody test ≤1 year 
ago if HCV antibody negative or last HCV RNA test neg-
ative and ≤1 year ago if HCV-antibody-positive

Inversely, inadequate HCV management was defined as 
one of the following:

No HCV antibody test

HCV antibody test >1 year ago, if HCV antibody negative

HCV antibody-positive and no HCV RNA

HCV antibody positive and HCV RNA positive (in need of 
treatment)

HCV antibody positive and HCV RNA negative, but HCV 
RNA test >1 year ago

HAV serology: anti-HAV IgG

HBV serology: anti-HBs, anti-HBc, HBs-Ag

HAV immunity: completely vaccinated against HAV or past 
infection (anti-HAV IgG positive)

HBV-immunity: completely vaccinated against HBV and 
once an anti-HBs titre >100 U/l (or at least >10 U/l if the 
last vaccination was ≥3 years ago) or past infection (anti-
HBc positive, but HBs-Ag negative)
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Statistical analysis

For the primary outcome (HCV RNA treatment uptake
among those ever chronically HCV infected and consecu-
tive HCV RNA prevalence reduction among the HCV anti-
body positive patients) (fig. S1, red), we considered all 200
registered OAT patients in an intention-to-treat approach,
chronic hepatitis Cpatients lost to follow-up were counted
as not treated / still HCV RNA positive.

For the secondary outcomes (fig. S1, blue), the study de-
sign was a sequential cross-sectional study comparing the
patients registered in the OAT programme at the time-
points April 2018 and May 2021.

Ninety-five percent confidence intervals (CIs) for the pro-
portions were calculated with www.openepi.com (Wilson
score). Categorical variables were compared with the chi-
square and the Fisher’s exact test, respectively. Continuous
variables were analysed with the Wilcoxon rank-sum test
(unpaired data). A two-sided p-value <0.05 was considered
significant.

Statistical analyses were performed with Stata Version
12.0 and OpenEpi (www.openepi.com).

Results

Patient characteristics

Of the 128 OAT patients in April 2018, 79 (62%) were still
present in May 2021. Between April 2018 and May 2021,
72 patients were newly registered. Thus, a total of 200 pa-
tients could be assessed, of whom 129 (65%) were still pre-
sent in May 2021 (supplementary fig. S1, table S1 in the
appendix).

In spite of an average fluctuation rate of 24 patients (19%)
per year, patient characteristics remained relatively stable
over the three-year period (table 1).

Almost 80% were male. The median age was 42 years.
Slightly more than 70% had ever used intravenous drugs.
Almost half of the patients were substituted with slow-
release oral morphine, approximately one-quarter with
methadone, around 20% with heroin and 10% with
buprenorphine. About half of the patients were HCV an-
tibody positive and 3% HIV-antibody-positive. The HCV
RNA prevalence among the HCV antibody positive pa-
tients decreased from 38% (95% CI 26–53%) in April
2018 to 7% (95% CI 3–17%) in May 2021 (p <0.001). The

proportion of patients enrolled into the SAMMSU cohort
increased from 47% to 84% (p <0.001).

HIV and HCV screening

Between April 2018 and May 2021, the proportion ever
screened for HIV antibodies increased from 79% (95% CI
71–85%) to 91% (95% CI 84–95%) (fig. 1, table S2), the
proportion ever screened for HCV antibodies from 83%
(95% CI 75–88%) to 93% (95% CI: 87–96) and the pro-
portion of HCV antibody positive patients ever tested for
HCV RNA from 89% (95% CI 77–95%) to 98% (95% CI
91–100%).

The proportion of HIV negative patients with a recent HIV
screening, i.e., not more than one year ago, improved from
32% (95% CI 23–41%) to 85% (95% CI 77–90%) (fig. 2,
table S2). The proportion of HCV negative patients recent-
ly screened for HCV antibodies went up from 28% (95%
CI 18–42%) to 87% (95% CI 77–93%), and the propor-
tion of HCV antibody positive HCV RNA negative pa-
tients with a recent HCV RNA test increased from 50%
(95% CI 33–67%) to 92% (95% CI 82–97%).

Figure 1: Proportion of patients ever HIV/HCV-antibody-tested
and proportion of HCV-antibody-positive patients ever HCV-RNA-
tested. HCV: hepatitis C virus; HIV: human immunodeficiency
virus; ab: antibody; RNA = ribonucleic acidThe error bars show the
lower and upper limit of the 95% confidence interval (Score [Wil-
son]).

Table 1:
Patient characteristics.

April 2018 (n = 128) May 2021 (n = 129) p-value

Male 78% (100) 77% (99) 0.791

Age (years), median (IQR) 42 (33–48), range: 23–65 42 (35–49), range: 19–66 0.229

Ever intravenous drug use 72% (81/113) 71% (84/119) 0.854

Opioid agonist therapy: Heroin 22% (26/119) 18% (22/125) 0.404

Methadone 21% (25/119) 26% (33/125) 0.323

Buprenorphine 11% (13/119) 9% (11/125) 0.578

Slow-release oral morphine 46% (55/119) 47% (59/125) 0.878

HCV positive 50% (53/106) 48% (57/120) 0.708

→ Currently HCV RNA positive 38% (18/47) 7% (4/56) <0.001

HIV positive 3% (3/101) (all HCV coinfected) 3% (4/117) (all HCV coinfected) 0.851

Enrolled into SAMMSU (www.sammsu.ch) 47% (60/128) 84% (108/129) <0.001

IQR: interquartile range; HCV: hepatitis C virus; HIV: human immunodeficiency virus; SROM: slow-release oral morphine.

In the case of missing data, the denominator was reduced to the number with known data.
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Adequate HCV management

The proportion of OAT patients with adequate HCV man-
agement, defined as either HCV antibody negative with a
HCV antibody test not older than one year or HCV anti-
body positive and RNA negative with a HCV RNA test not
older than one year, improved from 23% ([15 + 15]/128;
95% CI 17–31%) to 80% ([55 + 48]/129; 95% CI 72–86%)
(figures 2 and 3, table S2).

HCV treatment uptake and HCV RNA prevalence

Among all 200 patients assessed, HCV treatment uptake
increased from 60% (95% CI 44–74%) to 92% (95% CI
82–96%) (fig. 4, table S2). In parallel, the HCV RNA-
prevalence among the HCV antibody positive patients de-

Figure 2: Proportion of HIV/HCV negative patients recently tested
for HIV/HCV antibodies and proportion of HCV antibody positive
and RNA negative patients recently tested for HCV RNA(i.e., ≤1
year ago). HCV: = hepatitis C virus; HIV: human immunodeficiency
virus; ab = antibody; RNA: ribonucleic acid, y: yearThe error bars
show the lower and upper limit of the 95% confidence interval
(Score [Wilson]).

Figure 3: Proportion with adequate HCV management. HCV: he-
patitis C virus; adequate HCV management: = last HCV antibody-
test ≤1 year ago, if HCV antibody negative or last HCV RNA test
≤1 year ago, if HCV antibody positive and HCV RNA negative; in-
adequate HCV management: never tested, HCV antibody/RNA
screening >1 year ago or still HCV RNA positiveThe error bars
show the lower and upper limit of the 95% confidence interval
(Score [Wilson]).

creased from 38% (95% CI 26–53%) to 7% (95% CI
3–15%).

Among the six patients still HCV RNA positive in April
2021, two left the OAT programme before they could be
treated and are currently “lost to follow-up”, two started
direct-acting antiviral treatment in June 2021 and April
2022, respectively, and two are still in the OAT -pro-
gramme, but currently not interested in treatment. Since
one of the two patients leaving the OAT programme prior
to treatment had a reinfection after successful interferon/
ribavirin treatment, the number of patients never treated in
April 2021 was not six, but five.

HCV treatment on-site

Between 2018 and 2021, 19 non-cirrhotic, HIV negative,
patients with chronic hepatitis C were treated on-site.
Eighty-four percent (16/19) were male. The median age
was 36 years (IQR 28–47, range 27-58). All but one patient
(95%) had ever used intravenous drugs. Thirty-seven per-
cent (7/19) had continued intravenous drug use in the past
12 months.

Except from one non-responder to interferon/ribavirin-
treatment, all patients were HCV treatment naïve. The me-
dian time between the first use of intravenous drugs (sur-
rogate of the time of HCV infection) and the start of the
current direct-acting antiviral treatment, i.e., the time in
which the patients were infectious and could develop cir-
rhosis, was 13.5 years (IQR 8–20, range 2–33, n = 18). Of
the 19 direct-acting antiviral treatments on-site, 12 were
started in 2018, 4 in 2019, one in 2020 and 2 in 2021.
“Non-compliance with appointments” (6) and “direct-act-
ing antiviral reimbursement restrictions” (4) were the most
common reasons why patients were not treated earlier.
Four patients were only recently diagnosed, in 2018, 2019
and 2020, and treated within one year after diagnosis.

Of the 17 patients with known HCV genotype, 41% (7) had
genotype 1a, 41% (7) had genotype 3, 12% (2) had geno-
type 4 and one patient had genotype 1b and probably 2.
Liver fibrosis stage at start of direct-acting antiviral treat-
ment was known for 18 patients (17 x Fibroscan®, 1 × liver

Figure 4: HCV treatment uptake and HCV RNA prevalence (n =
200).HCV: hepatitis C virus; CHC: chronic hepatitis C; ab: anti-
body; RNA: ribonucleic acid; HCV treatment uptake: proportion of
CHC patients ever treated; HCV RNA prevalence: proportion of
HCV antibody positive patients with known HCV RNA that are
HCV RNA positiveThe error bars show the lower and upper limit of
the 95% confidence interval (Score [Wilson]).
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biopsy): 50% (9) had F0-1 (no or mild fibrosis), 28% (5)
F2 (significant fibrosis) and 22% (4) F3 (severe fibrosis).
In the patient with neither Fibroscan® nor liver biopsy, cir-
rhosis could be excluded with an APRI score of 0.15.

One patient received sofosbuvir/ledipasvir for 8 weeks. All
other patients were treated with sofosbuvir/velpatasvir for
12 weeks. Direct-acting antiviral treatment was dispensed
with OAT, i.e., ≥5x/week in 47% (9), 2–3x/week in 26%
(5), 1x/week in 21% (4) and biweekly in one patient (5%).
Sixty-three percent (12) of the patients had no adherence
problems, 32% (6) had delayed or missed intake of one
or two doses and one patient, who three times missed two
consecutives doses, took only 93% of all doses without a
negative effect on treatment success.

All 19 patients had capillary HCV RNA monitoring on-
site. After 4 weeks of direct-acting antiviral treatment,
HCV RNA was undetectable in 47% (9). For the remaining
patients, HCV RNA was at or below the limit of quantifi-
cation. All 19 patients were HCV RNA negative at EOT
and achieved SVR (18x SVR12, 1x SVR4). So far, no re-
infection has been observed. For the 19 patients, the total
follow-up time between EOT and the last available HCV
RNA test was 33.8 years, with a median follow-up time of
1.8 years (IQR 0.6–3.1, range 0.1–3.4).

In 15 patients, a Fibroscan®-measurement had been per-
formed after direct-acting antiviral treatment (at SVR12).
Six patients had F0-1 (no or mild fibrosis) both before and
after direct-acting antiviral treatment. Four patients im-
proved from F2 (significant fibrosis) to F0-1, three from
F3 (severe fibrosis) to F0-1 and one from F3 to F2. The pa-
tient with neither Fibroscan® nor liver biopsy before treat-
ment (APRI score 0.15) had F0-1 after treatment.

For 12 patients lacking HAV/HBV immunity, HAV/HBV-
vaccination (Twinrix® in five cases, Havrix® in six, Enger-
ix® in one) was linked to the direct-acting antiviral treat-
ment (start, week 4 and SVR12). Only one patient refused
the recommended HAV vaccination.

HAV/HBV serostatus and immunity

Between April 2018 and May 2021, the proportion with
known HAV/HBV serostatus increased from 38% (95%
CI 30–47%) to 64% (95% CI 56–72%) and 51% (95%
CI 42–59%) to 76% (95% CI 68–83), respectively (fig. 5,
table S2).

Documented HAV/HBV immunity, either after infection
or vaccination, increased from 19% (95% CI 13–26%) to
50% (95% CI 41–58%) and 23% (95% CI: 17–31) to 57%
(95% CI 48–65%), respectively.

There was only one hepatitis B surface antigen (HBs Ag)
positive patient in May 2021 and none in 2018. At both
time points, 18 patients (14%) were anti-hepatitis B core
antigen (HBc) positive, but HBs Ag negative, with 5 (April
2018) and 4 (May 2021) of them having an anti-HBc only
constellation. Between April 2018 and May 2021, the
number of patients with documented HBV immunity after
vaccination increased from 12 (9%) to 55 (43%) (p
<0.001), and the number of patients with HAV immunity
after documented vaccination from 9 (7%) to 38 (29%) (p
<0.001). Between April 2018 and May 2021, 20 patients
were fully vaccinated against HAV and HBV, 19 against
HAV only und 6 against HBV only. The proportion of HAV

immunity attributable to vaccination increased from 38%
(9/24) to 59% (38/64) (p = 0.067), and the proportion of
HBV immunity attributable to vaccination from 40% (12/
30) to 75% (55/73) (p <0.001).

Discussion

Main findings

OAT programmes are often led by psychiatrists with no
somatic physician on-site. Accordingly, HCV screening
and treatment is not a priority and patients remain undiag-
nosed and thus untreated (lack of awareness among health-
care providers and patients). Difficult venous access after
long-term intravenous drug use additionally complicates
diagnosis. Once diagnosed, patients must be referred to
a specialist for treatment, which often results in no-show
and thus no treatment. In our hepatitis elimination pro-
ject, we successfully addressed these barriers using cap-
illary point-of-care tests and a “test-and-treat / vaccinate-
on-site”-approach. Offering capillary HIV/HCV antibody
and HCV RNA testing increased HIV/HCV screening up-
take to >90% and substantially improved the acceptability
of a yearly screening. Direct-acting antiviral treatment pre-
scription and capillary HCV RNA monitoring on-site in-
creased HCV treatment uptake to >90%. Thus, the WHO
goals for HCV elimination in 2030, “90% of chronic he-
patitis C patients diagnosed and 80% treated”, were met
in our OAT patients. Since neither adherence problems nor
reinfections compromised treatment success, HCV RNA
prevalence among the HCV antibody positive patients
(about half of the patients) could be reduced to <10%. Sys-
tematically offering venous HAV/HBV serology and HAV/
HBV vaccination on-site improved documented HAV/
HBV immunity from <25% to ≥50%, but capillary HAV/
HBV serology remains an unmet need.

HCV screening and treatment uptake, HCV RNA
prevalence reduction, adherence, reinfection

At baseline (April 2018), uptake of HIV/HCV antibody
and HCV RNA screening was already relatively high at
79%/83% and 89%, respectively, because the OAT pro-
gramme had already been visited every 4–6 months by our
study team since 2014, offering capillary HIV/HCV an-
tibody rapid tests from the beginning [44] and capillary

Figure 5: HAV/HBV serostatus and immunity. HAV: hepatitis A
virus; HBV: hepatitis B virus; immunity against HAV: either anti-
HAV IgG positive or fully vaccinated against hepatitis A; immunity
against HBV: either after vaccination (only anti-HBs positive) or in-
fection (anti-HBc positive)The error bars show the lower and upper
limit of the 95% confidence interval (Score [Wilson]).
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HCV RNA quantification since August 2017 [45, 46].
Among patients enrolled into the Argovian OAT-cohort be-
tween July 2013- and July 2015, about one-quarter had
never been screened for HIV/HCV antibodies and 19%
of those positive for HCV antibodies were never tested
for HCV RNA [44]. Intensified presence (every 4 weeks)
increased uptake of HIV/HCV antibody- and HCV RNA
screening to >90%, meeting the WHO elimination target
“90% diagnosed”. Offering treatment on-site for non-cir-
rhotic, HIV-negative patients combined with capillary
HCV RNA monitoring on-site, improved HCV treatment
uptake from 60% to 92%, meeting the WHO elimination
target “80% treated”. Since treatment success was 100%
(no adherence problems, no reinfections), increased treat-
ment uptake (∆32%) directly translated into a reduction in
HCV RNA prevalence from 38% to 7% among the HCV
antibody positive patients (∆31%, 82% decrease).

Two recently published systematic reviews and meta-
analyses confirmed our results [65, 66]. Cunningham et al.
found that medical chart reminders, simplified HCV test-
ing (e.g. point-of-care antibody testing, dried blood spot
testing, reflex RNA testing, opt-out screening), provider
education, patient education, integrated care and patient
navigation or care coordination can effectively enhance
HCV antibody and HCV RNA testing, linkage to care and
HCV treatment initiation [65]. According to Oru et al.,
linkage to care was better and treatment uptake higher with
full decentralisation (testing and treatment at the same site)
compared with partial decentralisation (testing at decen-
tralised site and referral elsewhere for treatment) or no de-
centralisation among people who inject drugs (PWID), es-
pecially when HCV testing and treatment was integrated at
sites providing harm-reduction services (OAT, needle and
syringe programme, or both, and also mental health sup-
port), and among people in prisons [66]. In various decen-
tralised settings, including harm-reduction sites, prisons
and primary-care or community settings, SVR rates were
similar to those in tertiary-level facilities [66]. Pangeno-
typic direct-acting antivirals allow task-shifting to non-
specialists without reducing treatment success [66].

In the SIMPLIFY study (sofosbuvir/velpatasvir in patients
with intravenous drug use in the past 6 months), one third
of the participants had low adherence (<90%), which was
associated with recent or ongoing injection of stimulants
(cocaine and/or other amphetamines) [67]. In contrast, ad-
herence was excellent (≥93%) in all our OAT patients
treated on-site, although 37% reported continued intra-
venous drug use in the past 12 months. Remarkably, in the
SIMPLIFY study, low adherence did not negatively affect
treatment success [68], even when at least seven consecu-
tive doses were missed [69].

In spite of yearly HCV RNA screening, so far, we did not
detect any reinfections among our 19 OAT patients treat-
ed on-site (total follow-up time 33.8 years, median follow-
up time 1.8 years). This is not surprising, because rein-
fection rates are generally low, especially in OAT patients
[70–74]. In the SAMMSU cohort, the reinfection rate after
interferon-free treatment (observation period 2013–2021)
was 1.6/100 PY [75]. Similarly, the German hepatitis C co-
hort (GECCO) reported an overall reinfection rate of 1.9/
100 PY since 2014 [76], with a lower rate in people who
inject drugs than in men who have sex with men (1.1 vs

9.0/100 PY). Anyway, with direct-acting antivirals, rein-
fections can be treated as successfully as primary infec-
tions [77].

Yearly HIV/HCV screening, adequate HCV manage-
ment

The HCV cascade of care with its four stages – (1) in-
fected, (2) diagnosed, (3) treated and (4) cured – is often
used to monitor progress towards HCV elimination [78].
However, it does not reflect adherence to the recommend-
ed yearly HCV screening [53, 55, 79], necessary for early
diagnosis and treatment of primary infections and reinfec-
tions, which prevents further transmissions. Our definition
of “adequate HCV management” incorporates it, consider-
ing HCV management as adequate only if the last HCV an-
tibody or HCV RNA test is negative and ≤1 year ago.

Offering point-of-care tests on capillary instead of venous
blood markedly increased the acceptance and feasibility of
a yearly screening in our OAT patients. In HIV/HCV neg-
ative patients, the availability of a recent HIV/HCV anti-
body test (≤1 year ago) increased from 32%/28% in April
2018 to 85%/87% in May 2021, and in HCV antibody
positive and RNA negative patients, the proportion with a
recent HCV RNA test improved from 50% to 92%. The
number of patients with adequate HCV management in-
creased from 30 (23%) to 103 (80%).

Adherence to yearly HIV/HCV screening seems to be gen-
erally difficult. In ~50% of the HIV/HCV negatively
screened patients of three OAT programmes in St Gallen
in 2009, the last test was older than one year [80]. Among
patients recruited to the Argovian OAT cohort between
July 2013 and July 2015 (~50% in the decentralised set-
ting), only 23% of the HCV antibody negative patients and
40% of the HCV-antibody-positive-RNA-negative patients
were tested ≤1 year ago [44]. Similarly, in the Ukraine
in 2014/2015, 22% of the PWID had a recent test (in the
past 12 months) [81]. Among the non-cohort OAT pa-
tients assessed in the canton Aargau in 2018/2019, 38% of
those who were HCV antibody negative and 58% of those
HCV antibody positive and RNA negative had a screen-
ing test ≤1 year ago [45]. The latter might in part reflect
recent treatment. In Scotland, 68% of the patients treated
in the era of direct-acting antivirals (2015–2018) were test-
ed for HCV RNA within the first year post-SVR, but on-
ly 30% in the second year, suggesting that an estimated
200 reinfections (54% of the estimated total) remained un-
diagnosed [82]. Even in the Swiss-wide SAMMSU cohort
study, yearly HCV antibody and HCV RNA screening is
not achieved [33].

Hepatitis A/B

OAT patients should be tested for HAV and HBV and vac-
cinated in the case of lacking immunity [53]. In the three
OAT programmes in St Gallen in 2009, among those with
available HAV/HBV serology (~90%), 75% were immune
against HAV and HBV, but HBV immunity was main-
ly due to past infection [80]. Former studies in Argovian
OAT patients (2013–2015 and 2018/2019) showed that on-
ly ~40% had HAV and ~50% interpretable HBV serology
[44, 45], with ~50% and two thirds of them, respective-
ly, being immune against HAV and HBV. Again, HBV im-
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munity after infection was more frequent than after vac-
cination [44, 45]. In the OAT programme HAG (heroin
dispensation of the canton Aargau), April 2018 to May
20201, the proportion with HAV serology could be im-
proved from 38% to 64% and the proportion with HBV
serology from 51% to 76% by systematically offering ve-
nous blood draw for HAV/HBV serology to those with un-
known HAV/HBV serostatus. Capillary point-of-care tests
for HAV/HBV serology could further improve acceptabili-
ty. While CE-marked anti-HAV [83] and HBs-Ag [84, 85]
point-of-care tests using capillary whole blood are already
available, reliable point-of-care tests for anti-HBs and anti-
HBc remain an unmet need [86–91]. However, a capillary
HBV panel rapid test, simultaneously detecting anti-HBs,
HBs Ag and anti-HBc is currently in development [92].

In a study in Irish GPs, two thirds of OAT patients were
screened for HBV [93]. In contrast, ≥97% of the chronic
hepatitis C patients in a methadone maintenance pro-
gramme in New York were HAV/HBV tested [94]. How-
ever, 49%/63% lacked immunity to HAV/HBV, and vacci-
nation-uptake was low (55%/3%) [94].

HBV vaccines have been available since the early 1980s
[95]. However, so far, Switzerland does not meet the 90%
coverage goal of the WHO [56]. In 2017–2019, only 74%
of 16-year-old adolescents were vaccinated against HBV
[96, 97]. Vaccination rates among sexually active adults
were even lower [96, 98, 99]. However, systematic HBV
vaccination of babies was introduced only in 2019 [100].
Before (1998–2018), 11–15-year-old adolescents were the
primary target group [101]. Thus, it was not very surprising
that in our OAT patients with a median age of 42 years
(IQR 33–48) in April 2018 (born in 1976, IQR
1970–1985), documented HBV immunity was low (<25%)
and mainly attributable to past infection. Vaccination up-
take was high, with only a few individuals refusing the rec-
ommended HAV/HBV vaccinations. Thus, the proportion
with documented HAV/HBV immunity could be increased
from 19%/23% to 50%/57%, and the proportion of HAV/
HBV immunity attributable to vaccination improved from
38%/40% to 59%/75%, which is still unsatisfactory.

Clinical implication and future research

Essentially, we now have the diagnostic and therapeutic
tools to achieve HCV elimination by 2030, and guidelines
on how to use them [41, 53, 58, 102–107]. In centralised
OAT settings such as in our study, HCV micro-elimination
is a “low-hanging fruit” [108]. However, overall, only 21%
of the OAT patients in Switzerland receive their substi-
tution at an institution (40–60% in Basel, Ticino, Zurich)
[11]. In decentralised OAT settings with a low case load
[44] (which is associated with low HCV knowledge [109]),
implementation is still a challenge. In Switzerland the OAT
prescriber is in 60% of cases a GP [7], and the OAT
provider is in 49% a pharmacy and in 26% the treating
physician [11]; therefore, GPs, psychiatrists and pharma-
cies should become more involved into the HCV manage-
ment of OAT patients. Removal of the direct-acting antivi-
ral prescriber restriction in 2022 [42, 43] might be a first
step, but there is no guarantee that task shifting automat-
ically occurs [109, 110]. The cantonal physicians (public
health officers) could play a key role, because they must

approve all OAT treatments and are notified about all new
HCV diagnoses.

In a review, Bajis et al. nicely illustrate innovative, simpli-
fied and decentralised HCV test and treat models of care
bringing hepatitis C care to the patients in OAT and/or nee-
dle and syringe programmes, prisons and pharmacies, as
well as homelessness and drop-in centres [111].

As our study shows, HAV/HBV immunity of OAT patients
can still be improved. We hypothesise that adding reliable
capillary point-of-care tests for HAV and HBV serology to
the vaccination on-site approach increases the number of
OAT patients getting tested and vaccinated.

Strengths and limitations

As a strength, we offered screening and treatment/vacci-
nation in the familiar environment of the OAT patients,
where they usually pick up their OAT several times a week.
Thus, we avoided stigmatisation, transportation costs and
the need to keep appointments in tertiary care hospitals.
With capillary blood tests and noninvasive liver fibrosis as-
sessment (Fibroscan®), we removed fear of venous blood
draw and liver biopsy as an obstacle regarding HCV di-
agnosis and treatment. Our presence on-site every four
weeks definitely increased HCV awareness among health-
care providers and patients. Instructing the HAG staff how
to use HIV/HCV antibody rapid tests, GeneXpert® and Fi-
broscan® allowed testing of OAT patients beyond our four-
weekly visits and ensured sustainability of our project.

As a limitation, the success of such a project depends on
dedicated staff in the OAT programme with a trustful re-
lationship to the patients. Besides, the results of our study
derive from a relatively small institution with ~130 OAT
patients and might not be one-to-one generalisable to big-
ger institutions with >1000 OAT patients or decentralised
settings. Compared with the overall OAT population [11],
HAG patients were younger and more often male. Heroin
and slow-release oral morphine substitution, ever use of in-
travenous drugs and HCV antibody positivity were more
frequent. Outside academic settings, access to mobile Gen-
eXpert® and Fibroscan® might be another limitation. How-
ever, these device-dependent methods can be replaced by
dried blood spot sampling for HCV RNA quantification in
the laboratory [47] and APRI score [64], respectively.

Implementation of our approach into routine clinical prac-
tice is complicated by reimbursement issues, which might
jeopardise nationwide HBV/HCV elimination by 2030 [56,
57]. Only since 2022, have all physicians in Switzerland
been allowed to prescribe direct-acting antiviral treatment
[42], and direct-acting antivirals are reimbursed indepen-
dently of the flat rate per case for inpatients [112]. In con-
trast to HIV antibody rapid tests, HCV antibody rapid tests
with saliva or capillary whole blood are not yet reimbursed
in Switzerland [113]. In some cantons, including the can-
ton Aargau, where in >80%, the pharmacy is the OAT
provider [12], pharmacies are not allowed to vaccinate
against hepatitis A and B [114]. Besides, since 2020, com-
bined HAV/HBV vaccination with Twinrix® is no longer
reimbursed in Switzerland [115], although it is clearly rec-
ommended for people who use drugs and men who have
sex with men [53, 116].
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Conclusion

Capillary point-of-care tests and a “test-and-treat / vac-
cinate-on-site” approach remove crucial barriers to diag-
nosis and treatment, making hepatitis elimination in OAT
programmes achievable. A high fluctuation rate requires
HIV/HCV/HAV/HBV testing at admission, but also allows
more patients to be screened.
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Appendix: Supplementary material

Table S1:
Patient characteristics.

All (n = 200) Present April 18 to May 21 (n =
79)

Newly admitted after April 18 (n
= 72)

Leaving after April 18 (n =
71) (includes 22 of those newly
admitted)

Male 80% (159) 75% (59) 81% (58) 85% (60/71)

Age (years), median (IQR) 42 (34–49) 46 (37-52) 37 (32–43) 39 (33–46)

Ever IDU 67% (121/181) 77% (60/78) 59% (36/61) 60% (37/62)

HCV positive 47% (85/181) 53% (42/79) 40% (24/60) 46% (28/61)

→ currently HCV RNA positive 8% (7/84) 5% (2/42) 13% (3/23) 11% (3/28)

HIV positive 2% (4/178) 4% (3/79) 2% (1/57) 0% (0/61)

Enrolled into SAMMSU
(www.sammsu.ch)

77% (154) 94% (74) 72% (52) 65% (46)

HCV treatments on-site (until
May 21)*

18 9 4 7

Ever CHC 60 31 17 17

IQR: interquartile range; IDU: intravenous drug use; HCV: hepatitis C virus; HIV: Human immunodeficiency virus; CHC: chronic hepatitis C
* The 19th HCV treatment on-site was started in June 2021.

In the case of missing data, the denominator was reduced to the number with known data.

Compared with patients remaining at the institution throughout the whole study period (April 2018 to May 2021), patients newly admitted or leaving were significantly younger (p
<0.001 and p = 0.004), less likely to have ever intravenously consumed drugs (p = 0.023 and p = 0.028) and less likely to be enrolled into the SAMMSU cohort (p = 0.004 and p
<0.001). There were no other significant differences.

Table S2:
Main results.

April 2018 (n = 128) May 2021 (n = 129) p-value

n % 95% CI n % 95% CI

Ever HIV ab tested 101/128 79 71–85 117/129 91 84–95 0.008

Ever HCV ab tested 106/128 83 75–88 120/129 93 87–96 0.012

Ever HCV RNA tested, if HCV-ab pos 47/53 89 77–95 56/57 98 91–100 0.040

Last HIV-ab test ≤1y ago, if HIV neg 31/98 32 23–41 96/113 85 77–90 <0.001

Last HCV-ab test ≤1y ago, if HCV neg 15/53 28 18–42 55/63 87 77–93 <0.001

Last HCV RNA test ≤1y ago, if HCV-ab pos, RNA-neg 15/30 50 33–67 48/52 92 82–97 <0.001

Adequate HCV management 30/128 23 17–31 103/129 80 72–86 <0.001

Ever treated, if CHC* 21/35 60 44–74 55/60 92 82–96 <0.001

HCV RNA pos, if HCV-ab pos and HCV RNA tested* 18/47 38 26–53 6/84 7 3–15 <0.001

HAV serostatus known 49/128 38 30–47 83/129 64 56–72 <0.001

HBV serostatus known 65/128 51 42–59 98/129 76 68–83 <0.001

Immunity against HAV 24/128 19 13–26 64/129 50 41–58 <0.001

Immunity against HBV 30/128 23 17–31 73/129 57 48–65 <0.001

CI: confidence interval; HCV: hepatitis C virus; HIV: human immunodeficiency virus; ab: antibody; RNA: ribonucleic acid; adequate HCV management: last HCV antibody-test ≤1
year ago, if HCV antibody negative or last HCV RNA test ≤1 year ago, if HCV antibody positive and RNA negative; inadequate HCV management: never tested, HCV antibody/
RNA screening >1 year ago or still HCV RNA positive; CHC: chronic hepatitis C; HCV treatment uptake: proportion of CHC-patients ever treated; HCV RNA prevalence: proportion
of HCV antibody positive patients with known HCV RNA who are HCV RNA positive; HAV: hepatitis A virus; HBV: hepatitis B virus; immunity against HAV: either anti-HAV IgG
positive or fully vaccinated against hepatitis A; immunity against HBV: either after vaccination (only anti-HBs positive) or infection (anti-HBc positive)

* In May 2021, all 200 patients were considered.
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Figure S1: Patient and study data flow. HCV: hepatitis C virus; HIV: human immunodeficiency virus; RNA: ribonucleic acid; HAV: hepatitis A
virus; HBV: hepatitis B virusNine patients were readmitted during the study period (April 2018 to May 2021): five of the 128 present in April
2018 and four of the 72 newly registered between April 2018 and May 2021. All patients receiving their OAT via the institution HAG at the
time-point of an annual chart review (April 2018, April 2019, May 2020, May 2021) were registered. Four patients recruited into the SAMMSU
cohort in the framework of the 4-weekly visits (August 219, December 2019, February 2020 and July 2020, respectively) left the institution be-
fore the next annual chart review.Between April 2018 (128 patients) and April 2019 (126 patients), 23 patients left the institution and 21 were
newly admitted. Between April 2019 (126 patients) and May 2020 (120 patients), 25 patients left the institution and 19 were newly admitted.
Between May 2020 (120 patients) and May 2021 (129 patients), 23 patients left the institution and 32 were newly admitted.
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