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A B S T R A C T   

Background: Hepatitis C remains highly prevalent among people who inject drugs (PWIDs). We propose an in-
tegrated approach for screening/diagnostic testing and treatment in 6,665 Viennese PWIDs registered to access 
opioid agonist therapy (OAT). 
Methods: OAT prescriptions were required monthly at one of nine approved authorities, making them ideal 
platforms for hepatitis C virus (HCV) screening. All PWIDs attending these authorities between January 2019 and 
March 2020 were offered on-site HCV screening, and consecutive HCV RNA PCR in case of positive HCV 
serology. In HCV viremic PWIDs, offsite referral to HCV care and treatment according to directly observed 
therapy (DOT) alongside OAT were performed. 
Results: 4,327/6,665 (64.9%) individuals were contacted before the COVID-19-related project discontinuation. 
There were 1,538/4,327 (35.5%) individuals who had participated in the study. HCV serology was available in 
1,510/1,538 (98.2%): 795/1,519 (52.6%) had a positive serology, among whom 632 (79.5%) were followed-up 
with a PCR test. In 8/1,538 (0.5%) additional study participants HCV RNA PCR was assessed without prior 
serological screening. 239/640 (37.3%) individuals were HCV viremic with 51 (21.3%) having started on direct- 
acting antivirals (DAAs). 48/51 (94.1%) had completed treatment, among whom 42 (87.5% according to ITT) 
had achieved sustained virologic response at 12 weeks after completing treatment (SVR12) and 6 (12.5%) had 
been lost to follow-up after completion of therapy (SVR12 according to mITT: 42/42, 100%). No treatment 
failures had occurred. 
Conclusion: Providing integrated point-of-care HCV screening/diagnostic testing at central OAT approved cen-
ters, followed by DOT with DAAs, represents an effective HCV microelimination strategy. While some PWIDs 
were lost in the cascade to cure and the absolute number of SVR was limited by the COVID-19 pandemic, our 
approach will allow linkage to care in a large proportion of Viennese PWIDs.   

Introduction 

Since the introduction of highly effective direct-acting antivirals 
(DAAs) for hepatitis C (HCV), numerous elimination programs have 
been initiated worldwide to achieve the WHO public health goal of HCV 
elimination by 2030.1–4 While in some high-incidence populations, such 
as men-who-have-sex-with-men (MSM), the implementation of HCV 

elimination programs has led to a significant increase in successful HCV 
cure, comprehensive screening/diagnostic testing and linkage to care 
represent a major challenge in other difficult-to-reach populations such 
as people experiencing homelessness, those who are incarcerated and 
people who inject drugs (PWIDs).5–8 

Therefore, despite international recommendations for routine HCV 
screening, diagnostic testing, and treatment leading to cure in PWIDs, 
the prevalence of chronic hepatitis C (CHC) remains high among this 
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population.3,6 HCV screening/diagnostic testing provided at general 
practitioners and addiction medicine specialists does not produce a 
sufficient increase in testing among this high-incidence population, as 
the active advertising of medical services represents a major barrier for 
most PWIDs.9 Due to the high prevalence of psychiatric co-morbidities 
and socio-economic challenges such as homelessness, unemployment, 
and lack of social support, attending appointment-based medical care is 
a relevant obstacle for PWIDs that also limits treatment once the diag-
nosis of CHC has been established.1,2 In addition to these 
individual-level factors, system- and provider-level barriers such as rigid 
traditional healthcare systems, that are not gentle, accommodating, and 
understanding of the needs of PWIDs, lack of integrated addiction and 
HCV care, and physicians lacking adequate training in the care of PWIDs 
represent even more relevant obstacles in HCV screening/diagnostic 
testing and treatment among this population.10 Therefore, tailored HCV 
elimination efforts focusing on these unmet needs of PWIDs are needed 
to overcome specific barriers in the cascade to HCV cure.5,11,12 

In Austria, the prevalence of high-risk, non-recreational opioid use 
was estimated at 31,000-37,000 (0.3-0.4%) individuals in 2019.13,14 

Nationwide, 19,587 individuals were registered to access the Austrian 
opioid agonist therapy (OAT) program, an initiative to support PWIDs in 
their attempt to achieve successful abstinence from injection drug use 
and encourage social reintegration.14 While complete abstinence may 
not be a possible or a reasonable goal in some PWIDs, the OAT program 
alongside other harm reduction measures contribute to a reduction in 
substance-related crime and morbidity and mortality.14–16 In 2019, 6, 
665/19,587 (34.0%) of PWIDs registered to use the OAT program were 
living in Vienna.14,15 Previous microelimination efforts in this cohort 
had shown that involving low-threshold institutions in the HCV care of 
PWIDs and using OAT as a vehicle to provide DAA treatment for CHC in 
the setting of "directly observed therapy" (DOT) had led to excellent 
adherence and DAA-induced sustained virologic response (SVR) even in 
PWIDs at high-risk for treatment interruption/discontinuation.1,2,17,18 

However, HCV screening/diagnostic testing remains insufficient among 
PWIDs on OAT in Vienna.3,6,19 

This project provides an integrated approach to implement HCV 
screening/diagnostic testing in PWID routine to achieve comprehensive 
testing among the Vienna cohort on OAT and thereby to target those 
individuals who had so far not been reached by other HCV elimination 
programs. Furthermore, an established approach for DAA treatment 
among PWIDs on OAT who show a high risk for non-adherence to HCV 
therapy was used to achieve linkage to care and successful treatment in 
individuals with CHC.1,2 

Methods 

Setting 

To reduce illegal substance consumption and encourage social 
reintegration of people with a history of substance use disorder, Austria 

offers a national substitution program with opioid agonists (Supplement 
1, Supplementary Table 1).14,15 PWIDs included in the program are 
required to pick up their OAT at a defined pharmacy or low-threshold 
institution on a regular basis, with intervals ranging between once 
daily and once weekly. The determination of the dispensing intervals as 
well as the choice of the OAT dispensing institution were made 
depending on the individual PWID risk of non-adherence to the OAT 
schedule as assessed by the interdisciplinary team involved in OAT 
initiation2: PWIDs at highest risk of non-adherence were assigned to a 
daily schedule while for those expected to be at lower risk of 
non-adherence, intervals were extended (modified DOT). Individuals in 
extraordinarily precarious socio-economic situations were assigned to 
OAT dispensation via the low-threshold facility while routinely OAT was 
dispensed via a pharmacy. The low-threshold institution involved in this 
project is a multidisciplinary facility offering integrated medical care, 
social services, temporary housing, and a syringe-exchange service for 
PWIDs in Vienna ("Suchthilfe Wien"). OAT must typically be ingested 
under the supervision of the pharmaceutical or healthcare staff at the 
pharmacy or at the low-threshold institution, ensuring that OAT is taken 
by the authorized PWIDs and not used for intravenous injection or sold 
on the streets (i.e., "directly observed therapy", DOT). 

Patient evaluation for and inclusion into the OAT program as well as 
OAT prescriptions are conducted by addiction medicine specialists. 
Until the COVID-19 pandemic, PWIDs on OAT who lived in Vienna had 
to get their long-term OAT prescriptions approved once a month at one 
of nine local awarding authorities, depending on residence.15 This 
requirement made awarding authorities an ideal platform for systematic 
HCV screening among the specific at-risk population of PWIDs on OAT. 

Due to their often disadvantageous socio-economic circumstances, 
including unemployment, homelessness, criminal record, lack of social 
support and ongoing injection drug use (IDU) or alcoholism, and their 
high rate of psychiatric co-morbidities, PWIDs are often unable to keep 
regular appointments or to attend a tertiary care center.1,2 The HCV 
treatment may only be prescribed by authorized treatment centers in 
Austria, hence individuals must attend a tertiary care institution to 
receive antiviral therapy. Currently, the lack of medical system that can 
provide accessible, flexible, low-threshold care to people struggling with 
substance use disorders and their myriad of challenges represents a 
fundamental obstacle to HCV elimination among PWIDs.10 To minimize 
barriers in PWID linkage to HCV care, an outpatient hepatitis clinic was 
established at the Ambulatorium Suchthilfe Wien, a low-threshold 
institution already involved in the dispensation of OAT, to bring 
easy-access HCV care to PWIDs. The hepatitis clinic is operated by an 
experienced hepatologist from the Klinik Ottakring, a Viennese tertiary 
care center authorized for the treatment of HCV and prescription of 
DAAs. Through this low-barrier hepatitis outpatient clinic, PWIDs are 
offered liver disease evaluation and hepatitis testing, and in case of HCV 
viremia, DAA treatment can be prescribed.1,2 

When considering the high percentage of PWIDs at high risk for non- 
adherence to DAA therapy due to socio-economic challenges and 

Abbreviations 

PWIDs people who injects drugs 
OAT opioid agonist therapy 
HCV hepatitis C virus 
DAA direct-acting antivirals 
DOT directly observed therapy 
COVID-19 coronavirus disease 
RNA ribonucleic acid 
PCR polymerase chain reaction 
G/P glecaprevir/pibrentasvir 
SOF/VEL sofosbuvir/velpatasvir 

SVR sustained virologic response 
CHC chronic hepatitis C 
MSM men-who-have-sex-with-men 
IDU ongoing injection drug use 
GT genotype 
TE transient elastography 
IQR interquartile range 
CI confidence interval 
HBV hepatitis B virus 
HIV human immunodeficiency virus 
WHO World Health Organization  
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psychiatric co-morbidities, OAT has been shown to offer a beneficial 
anchor for HCV treatment with DAAs. While adherence to schedules and 
prescriptions may generally be low in PWIDs, adherence to OAT has 
been shown to be excellent.1,2 In those at high risk of non-adherence to 
DAA therapy, combining OAT and DAAs to be dispensed and ingested 
together at the individual patient pharmacy or at the low threshold 
institution under the supervision of pharmaceutical staff or healthcare 
workers ("directly observed therapy", DOT) has proved to be an effective 
measure to increase DAA adherence and achieve sustained virologic 
response (SVR) rates comparable to HCV infected patients without a 
history of IDU.1,2 

In this study, we present a combined HCV microelimination concept 
tailored to increase screening and diagnosis rates, linkage to care, and 
DAA treatment in PWIDs on OAT. 

Patients and screening 

All PWIDs above 18 years of age who were registered at one of the 
nine official awarding authorities in Vienna between January 2019 and 
March 2020 were offered participation in this project.15 There were no 
relevant exclusion criteria. 

A team consisting of a nurse and a social worker was present on-site 
throughout the opening hours of each awarding authority on an every 
day basis, for two months per institution. All attending PWIDs were 
offered counseling on HCV transmission and sterile injection practices, 
harm-reduction services (e.g. syringe exchange, provision of sterile in-
jection paraphernalia, free-of-charge analysis of substance components, 
offered by low-threshold facilities like the Suchthilfe Wien and "checkit!" 
drug checking, respectively), screening/diagnostic testing, and treat-
ment opportunities, and invited to enroll into the study. Furthermore, 
hepatitits B (HBV) unvaccinated individuals were informed about the 
recommendation to undergo HBV immunization and received coun-
seling on where this service was provided (e.g. family doctor, outpatient 
clinics). PWIDs who agreed to participate received a questionnaire to 
assess previous HCV treatment (yes/no; if yes: timing, institution, sub-
stance), previous HCV screening/diagnostic testing (yes/no; if yes: 
timing, result [unknown HCV antibody/ positive antibody//negative 
HCV antibody/positive HCV-RNA PCR/negative HCV-RNA PCR]), the 
individual OAT prescriber as well as the institution distributing OAT to 
the respective PWIDs. Consecutively, they received HCV antibody 
screening via a saliva rapid test (OraQuick®).20 In case of a positive HCV 
antibody result, a diagnostic point-of-care HCV-RNA PCR test (Gen-
eXpert® fingerstick assay) was performed immediately (if the patient 
was willing to wait until the result of the rapid-saliva screening test was 
available), or at their next visit the following month.21 Individuals who 
reported a positive HCV antibody status in the questionnaire had 
HCV-RNA PCR testing without repeting antibody screening. By using the 
GeneXpert® fingerstick assay we avoided the need for phlebotomy to 
acquire blood samples, which increased convenience for PWIDs as well 
as for the study team as there was no infrastructure/material for venous 
blood sampling available at the substitution approval centers.21 

PWIDs who were HCV viremic and those who reported previously 
diagnosed and untreated viremic CHC were referred to the hepatitis 
outpatient clinic of the Ambulatorium Suchthilfe Wien (low-threshold 
facility) or the Klinik Ottakring (tertiary care center) for pretreatment 
evaluation. Depending on previous adherence to OAT, expected adher-
ence to DAA, socio-economic status (importantly including availability 
of stable housing), and health insurance coverage as assessed by the 
study team on-site, PWIDs with good adherence and those who were in a 
stable socio-economic situation were preferably assigned to the tertiary 
care center while those with expected high risk of non-adherence and 
those who were in a more precarious socio-economic situation were 
preferably assigned to the low-threshold facility. Of note, all PWIDs 
were seen by the same experienced hepatologist independent of the 
institution they were referred to, and pretreatment evaluation did not 
differ between the tertiary care center and the low-threshold facility. 

Both institutions are located within the city of Vienna and can be 
reached easily using the accessible, reliable, and affordable urban public 
transportation system, hence transportation was not provided during the 
project. Diagnostic testing, pretreatment workup and DAA treatment 
were performed according to current guidelines using only licensed 
pharmacological substances; no financial compensation was provided 
for PWIDs undergoing HCV testing and/or DAA treatment in this proj-
ect. However, HCV testing as well as DAA treatment and follow-up visits 
were provided free-of charge for individuals lacking health insurance 
coverage at the time of this initiative. 

Pretreatment workup 

Pretreatment evaluation included medical history (including alcohol 
consumption habits and ongoing IDU [defined as one or more injections 
within the three months preceding the evaluation]), socio-economic 
status (relationship, housing and employment status, criminal record), 
physical examination, abdominal sonography, standard laboratory 
testing, serum HCV RNA quantification, HCV genotype (GT), HIV anti-
body screening, HBV serology (HBsAg, antiHBs, antiHBc), and liver 
fibrosis stage assessment via transient elastography (TE) 
fibroscan.1,22–24 The applied methods were described in detail in a 
previous publication from our group.1 

Antiviral therapy 

PWIDs received a fixed-dose combination treatment with either 
SOF/VEL (400 mg sofosbuvir and 100 mg velpatasvir once daily for 12 
weeks) or with G/P (100 mg glecaprevir and 40 mg pibrentasvir, three 
tablets once daily for 8 weeks, administered with food) according to the 
drug label. DAA treatment regimen selection was based on PWIDs’ in-
dividual pretreatment history, co-morbidities, co-medication, and cur-
rent health insurance reimbursement policies. At the time of the project, 
costs for DAA treatment were covered by the Austrian health insurance 
in all HCV viremic patients, independently from the fibrosis stage. In 
individuals without valid insurance coverage at the time of HCV diag-
nosis, DAA treatment was kindly provided by pharmaceutical companies 
throughout the project. Hence, all HCV viremic individuals identified in 
this project were guaranteed to receive DAA treatment. 

Treatment setting 

DAA treatment was applied according to the concept of DOT/ 
modified DOT following PWIDs’ OAT established schedule of at their 
individual institution of reference (i.e. pharmacy or low-threshold 
institution). In case PWIDs did not attend a scheduled OAT appoint-
ment and, hence, missed one or more doses of their HCV therapy, DAA 
treatment was extended for the corresponding number of days to fulfil 
the required total treatment duration. No home rescue doses of DAA 
were dispensed aside from the scheduled dispensation according to 
DOT/modified DOT alongside OAT. 

Study endpoints 

Primary endpoints of the screening (HCV antibody)/diagnostic 
testing (HCV RNA) steps included the level of participation among 
PWIDs in the offered point-of-care HCV testing, and the rate of HCV 
viremia among the individuals who underwent screening/diagnostic 
testing. 

The primary endpoint of the treatment step was sustained virologic 
response 12 weeks after DAA treatment completion (SVR12), defined as 
HCV RNA <15 IU/ml. SVR12 rates were calculated for all the in-
dividuals who had received at least one dose of DAA. Separate analyses 
were performed for all those who had received at least one dose of DAA, 
excluding those who had not achieved SVR12 due to reasons other than 
virological failure (i.e. loss to follow-up before SVR12 which could be 
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documented). 
Adherence to DAA, frequency of early termination of treatment, and 

occurrence of serious adverse events were assessed as secondary 
endpoints. 

Post-treatment follow-up 

All PWIDs who achieved SVR12 after DAA treatment were invited for 
HCV RNA PCR follow-up (FU) testing at week 24 and 48 after the end of 
treatment. Furthermore, all PWIDs contacted through our project were 
advised to present to the low-threshold institution, Ambulatorium 
Suchthilfe Wien once a year for an HCV RNA PCR-FU in case of ongoing 
risk behavior, including injection or nasal drug use, according to current 
guidelines.25 Additionally, an open-door policy at the low-threshold 
facility was being upheld to provide HCV RNA PCR-FU on demand for 
PWIDs, e.g. after potential or known exposure to HCV, independently 
from recommended routine surveillance intervals. 

Statistics 

Median/interquartile range (IQR) and absolutes/percentages of a 
specific characteristic were used to describe continuous variables and 
categorical variables, respectively. Two-sided 95% confidence intervals 
(CI) were calculated using the Clopper-Pearson estimation method. 
Statistical analyses were performed using Microsoft Excel for Mac 2011, 

Version 16.6.4; IBM SPSS Statistics, Version 27 for Mac; and Prism 9 for 
macOS, Version 9.3.1 (350), 2021. 

Ethical considerations 

Screening/diagnostic testing and treatment were conducted ac-
cording to the currently recommended algorithm of HCV screening, 
pretreatment evaluation and antiviral therapy in a specific subpopula-
tion of PWIDs participating in the OAT program in Vienna. The protocol 
was approved by the Institutional Review Board (Ethikkommission der 
Stadt Wien, EK 16-098-VK) and conducted according to the Declaration 
of Helsinki, Good Clinical Practice guidelines, and local regulatory re-
quirements. Written informed consent was obtained from all individuals 
prior to inclusion. While all PWIDs attending the substitution approval 
centers had access to all steps of the cascade to cure, irrespective of study 
participation, only those who provided their consent were included in 
our database and in the consecutive analyses. 

Results 

During the study period, two of the originally nine awarding au-
thorities in Vienna merged, resulting in a total of eight which could be 
visited by the study team.15 Between 1st March 2019 and 29th February 
2020, six of these eight authorities were investigated according to the 
study protocol. Due to the outbreak of the COVID-19 pandemic and 

Fig. 1. Flowchart of the study population. 
Abbreviations: PWIDs, people who inject drugs; OAT, opioid agonist therapy; COVID, coronavirus disease; HCV, hepatitis C virus; RNA, ribonucleic acid; PCR, 
polymerase chain reaction. 
a For all 6 individuals a positive HCV RNA PCR result but no HCV serology was available (including n = 1 who declined on-site HCV RNA PCR, n = 1 with positive 
HCV RNA on-site and n = 4 with positive HCV RNA on-site). 
b For 2 individuals neither HCV serology nor HCV RNA PCR were available, but according to the wish of the individuals HCV RNA PCR without prior HCV serology 
assessment was performed (including n = 1 in whom HCV RNA PCR on-site could not be assessed due to technical issues and n = 1 with positive HCV RNA on-site). 
c Including n = 180/795 who underwent HCV serology on-site and n = 615/795 who reported positiveHCV serology from previous testing 
d Including n = 632 positive HCV serology and n = 8 without previous HCV serology; n = 595/640 (588 positive HCV serology and 7 without available HCV serology) 
HCV RNA PCR tests were performed on-site and n = 45/640 (44 positive HCV serology and 1 without available HCV serology) positive HCV RNA were reported from 
previous testing. 
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associated social distancing requirements, the obligation of PWID 
monthly approval for long-term OAT prescriptions was abandoned and 
our project had to be stopped prematurely as a monthly in-person visit 
was no longer required for the approval of new OAT prescriptions.26–28 

The approval process is since beieng carried out via email between the 
respective OAT prescribing physician and awarding authority, which 
proved efficient and will therefore be permanently implemented. 
Importantly, the OAT program was continued throughout the COVID-19 
pandemic and beyond, and none of the included PWIDs involuntarily 
missed their OAT medications. 

Study population (Figs. 1–2, Table 1) 

In total, 4,327 (64.9%) of the 6,665 PWIDs who were registered to 
use the Austrian OAT program in Vienna during the study period were 
contacted by our team at six of the eight awarding authorities 
(Figs. 1–2). After having received information about HCV screening/ 
diagnostic testing and treatment options as well as the interventions of 
harm reduction in the case of ongoing IDU, 2,789 (64.5%) study par-
ticipants chose to participate in the project. Ultimately, 1,538 (35.5%) 
individuals were registered to take part in the study (Table 1). Among 
the included individuals, 1,122 (73.0%) were male and the median age 
was 40.0 (IQR 13.0) years, reflecting the demographic distribution 
documented in the overall population of PWIDs registered in the Vien-
nese OAT program.15 Previous diagnosis of HCV infection was reported 
by 630 (41.0%) PWIDs [HCV antibody positive in 620 (40.3%); HCV 
RNA positive in 82 (5.3%)] and 314 (20.4%) had previously received 
antiviral treatment for CHC. Among the pretreated population, 93 
(29.6%) had received pegylated interferon and ribavirin, 92 (29.3%) 
DAA therapy, and in 129 (41.1%) the previous treatment regimen could 
not be determined. 

HCV serology screening (Figs. 1–2) 

Among the 1,538 PWIDs who had consented to participate in the 
study, 864 (56.2%) received an HCV saliva screening test on-site, of 

which 180 (20.8%) showed a positive result (Fig. 2). 
HCV screening was declined by 646/1,538 (42.0%) individuals 

because they had previously been tested for HCV (negative HCV 
serology in n = 31 (4.8%); positive HCV serology in n = 615 (95.2%)). 
Of the 615 PWIDs who declined HCV antibody screening due to previ-
ously diagnosed HCV positivity, 302 (49.1%) had received antiviral 
treatment. An additional 6/1,538 (0.4%) study participants, all of whom 
reported to be HCV treatment naïve, declined HCV antibody screening 
due to previous diagnosis of HCV viremia and directly proceeded to HCV 
RNA testing for confirmation of chronic infection. Twenty (1.3%) PWIDs 
who initially consented to taking part in the project eventually declined 
HCV screening without stating their reasons, while 2 (0.1%) individuals 
received diagnostic HCV RNA PCR testing without previous HCV 
serology screening according to their specific request (Fig. 1). 

Overall, 1,510/1,538 (98.2%) locally performed and/or individual 
reported HCV serologies were evaluated during primary screening. 
Considering the 180 individuals who received a positive HCV serology 

Fig. 2. Cascade to cure. 
Abbreviations: PWIDs, people who inject drugs; OAT, opioid agonist therapy; HCV, hepatitis C virus; RNA, ribonucleic acid; PCR, polymerase chain reaction; DAA, 
direct-acting antivirals; SVR, sustained virologic response. 

Table 1 
Baseline Characteristics of the study population.  

Variable  

n (%) 1,538 (100) 
sex [n (%)] 

male 1,122 (73.0) 
female 416 (27.0) 

age (years) [median (IQR)] 40.0 (13.0) 
reported HCV status [n (%)] 

Positive HCV antibody 620 (40.3)a 

Positive HCV RNA 82 (5.3)b 

HCV treatment-experienced 314 (20.4)c 

Abbreviations: HCV, hepatitis C virus; RNA, ribonucleic acid. 
a Including n = 72 with previous HCV-RNA(+). 
b Including n = 72 with previous anti-HCV(+). 
c Including n = 93 (29.6%) who had received pegylated interferon 

and ribavirin, n = 92 (29.3%) who had undergone DAA therapy, and 
n = 129 (41.1%) in whom the previous treatment regimen could not 
be determined. 
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screening result on-site and the 615 who declined saliva screening due to 
a previous positive diagnosis of HCV serology, a total of 795/1,510 
(52.6%) positive HCV antibody results in PWIDs were recorded during 
HCV serology screening at the awarding authorities. 

HCV RNA PCR follow-up (diagnostic testing) (Figs. 1–2) 

Among the 795 with positive HCV serology study participants who 
were identified during the primary screening, -588 (74.0%) received an 
HCV RNA PCR result (Fig. 2). 389/588 (66.2%) had a negative PCR 
result, indicating past HCV RNA clearance, and 189 (32.1%) had HCV 
RNA viremia, while in 10/588 (1.7%) technical problems lead to an 
inconclusive result (Fig. 1).21 No repeated testing was performed in in-
dividuals with inconclusive PCR results. In 8/1,538 (0.5%) PWIDs only 
HCVRNA PCR without previous antibody screening was assessed in our 
analysis: 7/8 (87.5%) underwent HCV RNA PCR on-site as 5 of them 
reported previous diagnosis of HCV viremia and 2 declined HCV anti-
body screening and specifically requested to directly proceed to HCV 
RNA PCR diagnostic testing (see "Anti-HCV screening"): one (14.3%) 
previously HCV viremic PWID had cleared HCV RNA while 5/7 (71.4%) 
showed a positive PCR on-site, and in 1/7 (14.3%) the PCR was incon-
clusive due to technical issues.21 No repeated testing was performed in 
the individual with the inconclusive PCR result. One (12.5%) of the 
eight individuals declined on-site repetition of HCV RNA PCR diagnostic 
testing as HCV viremia had been previously diagnosed. 

The 44/795 (5.5%) HCV positive antibody PWIDs did not undergo 
PCR diagnostic testing on-site due to a previous diagnosis of HCV 
viremia and were directly referred to an HCV treatment center for DAA 
initiation. One hundre and sixty-three (20.5%) declined HCV RNA PCR 
testing without stating their reasons. 

Overall, a total of 640 PCR tests were assessed through the project, 
595 (93.0%) of which were performed on-site at the substitution 
approval centers. 239/640 (37.3%) of the individuals who were evalu-
ated via HCV RNA PCR showed HCV viremia. One hundred and sixty- 
three (68.2%) of the identified 239 HCV viremic PWIDs had not un-
dergone HCV RNA PCR evaluation before; 65/163 individuals had never 
been tested with HCV serology or PCR. Seventy-seven individuals re-
ported having received a positive HCV RNA result in the past (including 
33 in whom this positive PCR result was reassessed on-site and 44 who 
were directly referred to an HCV treatment center for DAA initiation). 

Considering the entire cohort of PWIDs evaluated in this project, 
239/1,538 (15.5%) HCV viremic individuals were identified. 

Linkage to care and characteristics of the treated population (Fig. 2, 
Table 2) 

Among the 239 PWIDs who had HCV viremia with diagnostic PCR 
testing, 51 (21.3%) could be started on DAA treatment until 19 
September 2022: 50 (98.0%) received DOT/modified DOT via a phar-
macy and 1 (2.0%) via the low-threshold institution (Fig. 2, Table 2). 
The one who was treated via the low-threshold institution did not have a 
valid health insurance coverage at the time of the project, hence OAT 
was provided by the low-threshold facility and DAA treatment by a 
pharmaceutical company free of charge. Pretreatment evaluation did 
not lead to any cases of loss to FU. 

Forty (78.4%) of the 51 study participants in whom treatment was 
initiated were male and the median age was 44.4 (IQR 16.8) years. The 
most common HCV genotype was GT3 (n = 23, 50.0%), 14 (27.5%) had 
advanced chronic liver disease according to transient elastography (F4), 
and 1 (2.0%) showed coinfection with HBV. The PWIDs in whom 
advanced fibrosis or HBV coinfection were detected received counseling 
on further treatment and surveillance implications, e.g. the necessity of 
biennial screening for hepatocellular carcinoma via abdominal sonog-
raphy in cirrhosis and in HBV coinfection, and the recommendation of 
HBV treatment evaluation via a tertiary care center on a regular basis in 
HBV coinfection. All individuals received an index sonography and 

standard laboratory evaluation during the pretreatment workup at the 
low-threshold facility, and in cases with evident indications for phar-
macotherapy, e.g. diuretic treatment in decompensated cirrhosis, the 
respective prescriptions were made during the pretreatment evaluation 
visit at the low-threshold facility. No coinfections with the human im-
munodeficiency virus were observed among the PWIDs who were star-
ted on DAA. Forty-four (86.3%) individuals were treatment-naive while 
7 (13.7%) had previously received a combination of pegylated inter-
feron and ribavirin. None of the treated individuals had previously 
received DAAs. 

Among the 41/51 (80.4%) PWIDs for whom socio-economic infor-
mation was available, 34 (82.9%) reported stable housing and 17 
(41.5%) were in a relationship, while 29 (70.7%) were unemployed. 5/ 
32 (15.6%) reported hazardous alcohol consumption and 20/51 (39.2%) 
stated ongoing IDU. 

Table 2 
Characteristics of the DAA-treated population.  

Variable  

n (%) 51 (100) 
sex [n (%)] 

male 40 (78.4) 
female 11 (21.6) 

age (years) [median (IQR)] 44.4 (16.8) 
fibrosis stage [n (%)]a 

F0/1 18 (35.3) 
F2 10 (19.6) 
F3 9 (17.6) 
F4 14 (27.5) 

HCV-genotype [n (%)]b 

1 21 (45.7) 
1a 17 (33.3) 
1b 4 (7.8) 

3 23 (50.0) 
3a 12 (23.5) 

4 2 (4.3) 
HBV coinfection [n (%)] 1 (2.0) 
treatment experienced [n (%)]c 7 (13.7) 

OAT medication [n (%)] 
morphine 32 (62.7) 
morphine hydrochloride 9 (17.6) 
methadone 4 (7.8) 
levomethadone hydrochloride 1 (2.0) 
buprenorphine 5 (9.8) 

OAT dispensation  
institution [n (%)]  

pharmacy 50 (98.0) 
low-threshold institution 1 (2.0) 

intervals [n (%)]  
once weekly 30 (58.8) 
twice weekly 4 (7.8) 
thrice weekly 4 (7.8) 
daily 13 (25.5) 

socioeconomic status [n (%)] 
own housingd 34 (82.9) 
stable relationshipd 17 (41.5) 
employmentd 12 (29.3) 
hazardous alcohol consumptione 5 (15.6) 
ongoing injection drug use 20 (39.2) 

Abbreviations: DAA, direct-acting antiviral; TE, transient elastography; 
HCV, hepatitis C virus; HBV, hepatitis B virus; OAT, opioid agonist 
therapy. 

a According to transient elastography: F0/F1: TE 0 – 7.1 kPa or APRI 
≤0.5; F2: TE 7.2 – 9.4 kPa; F3: TE 9.5 – 12.4 kPa; F4: TE ≥ 12.5. 

b HCV-genotype not specified in n = 5 (9.8%). 
c Pretreatment with pegylated interferon and ribavirin in n = 7/7 

(100%). 
d Missing data in n = 10 (19.6%). 
e Missing data in n = 19 (37.3%). 
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Treatment outcome and effectiveness of DAA (Fig. 2) 

Twenty-four (47.1%) of the 51 PWIDs who were started on DAA were 
treated with G/P while 27 (52.9%) received SOF/VEL (Fig. 2). In 3 
(5.9%) study participants who received SOF/VEL, treatment or post- 
treatment surveillance is still ongoing. Overall, 42 (87.5%; 95% CI: 
74.8-95.3%) of the 48 individuals who finished treatment and post- 
treatment surveillance achieved SVR12 as of 31 October 2022 accord-
ing to ITT, including 19 (45.2%) treated with G/P and 23 (54.8%) with 
SOF/VEL. 6/48 (12.5%) PWIDs were lost to FU after completion of DAA 
therapy at a pharmacy or a low-threshold facility, 5 (83.3%) of them had 
received G/P and 1 (16.7%) SOF/VEL. 

After exclusion of the individuals who were lost to FU, 42/42 (100%; 
95% CI: 91.6-100%) achieved SVR12 according to mITT. Of note, no 
treatment failures were observed among PWIDs who had completed 
treatment and post-treatment surveillance, hence the difference in 
SVR12 according to ITT (19/24 [79.2%] for G/P vs. 23/24 [95.8%] for 
SOF/VEL) was solely due to a higher number of individuals lost to FU 
after the end of treatment in the cohort treated with G/P as compared to 
SOF/VEL, while SVR12 according to mITT was identical at 100% in both 
groups. During a median FU of 21.5 (IQR 24) weeks, no reinfections 
were recorded. 

Adherence to therapy and early treatment discontinuation 

Following the concept of DOT/modified DOT, adherence to DAA 
therapy was excellent in our study population. Among the 51 PWIDs 
who started DAA treatment, only 2 (0.2%) of the total 1.268 scheduled 
drug ingestions were missed and lead to a corresponding prolongation of 
treatment in the respective individuals. No treatment interruptions due 
to hospitalization or imprisonment occurred and there were no early 
treatment discontinuations. 

Serious adverse events 

No serious adverse events related to DAA therapy were recorded 
among our study population. 

Discussion 

The elimination of HCV by 2030 has been declared a global public 
health goal by the WHO.3 While in 2020 only 11 countries were on track 
to achieve the set targets, Austria was forecasted to meet the WHO re-
quirements not until 2040 and remained with an estimated HCV prev-
alence of 0.2% of the population, corresponding to approximately 15, 
000 individuals with chronic HCV.3,4,19 The prevalence of HCV viremia 
is especially high in certain populations who are vulnerable to 
blood-borne virus infections, such as PWIDs.6 However, the early initi-
ation of DAA treatment in PWIDs is key for the prevention of liver dis-
ease progression as well as liver-related complications and 
malignancies, and to avoid onward transmission, especially in PWIDs 
with ongoing IDU.29 Still, despite the broad availability of DAA in 
Western Europe and current recommendations for HCV screening 
among PWIDs, treatment receipt remains insufficient among this 
population.3,6 

Currently, the major remaining barriers in the PWIDs cascade to HCV 
cure have been shown to be screening, diagnostic testing, two-step 
diagnostic processes, and linkage to care, often due to the requirement 
for offsite treatment initiation.5,10 Additionally, reinfection after 
SVR/spontaneous clearance remains a problem, especially in individuals 
with ongoing IDU; however, comprehensive HCV treatment among 
PWIDs will lower the risk of reinfection substantially.9,10 Furthermore, 
counseling and harm reduction programs including syringe exchange 
services greatly contribute to maintaining HCV RNA negativity after 
achieving SVR, even in the setting of ongoing injection substance use.9 

Targeting the deficits in the PWID cascade to HCV cure is challenging, 

yet tailored approaches to treatment have been shown to be effective in 
this high-incidence community10: As such, adherence to DAA could be 
significantly improved by the application of integrated treatment ap-
proaches such as DOT in various studies.1,2 On the other hand, it must be 
acknowledged that the assumption of universally low adherence to DAA 
among PWIDs is often erroneous,30 and that reasonable SVR rates may 
be achieved even without optimal adherence to therapy.31 However, 
screening and linkage to care for PWIDs still represent a demanding task 
to be optimized, which will require a paradigm shift towards the ac-
commodation of PWID needs in medical systems, just like the needs of 
hearing-impaired individuals are now being accommodated.10 Previous 
analyses suggest the integration of screening/diagnostic testing and 
linkage to care in preexisting systems such as primary care, emergency 
rooms, or harm reduction programs (e.g. syringe exchange services) to 
increase screening and treatment receipt as well as to comply with 
economic requirements.32–38 As demonstrated by the highly successful 
collaboration in this project, pharmacies represent institutions with 
great potential to contribute to HCV elimination, not only by supporting 
treatment adherence but also by expanding the capacity for decentral-
ized screening/diagnostic testing, e.g. by offering point-of-care testing 
on-site.39 Furthermore, the involvement of PWID peers in HCV screening 
and treatment can influence the cascade to cure positively and may 
therefore be a promising tool to be used in future HCV elimination 
projects.11,40 

HCV screening/diagnostic testing at the awarding authorities in 
Vienna was an effective tool to increase the diagnosis rate in Viennese 
PWIDs on OAT: 239 of 1,538 study participants included in the research 
project were identified to be HCV viremic, resulting in a relevant share 
of 15.5% of PWIDs on OAT in Vienna who remain in need of DAA 
treatment. However, it must be acknowledged that these calculations 
likely represent an underestimation of the real HCV prevalence as 163 
(10.6%) individuals with positive HCV serology declined confirmatory 
HCV RNA PCR testing. This drop-off in diagnostic testing owing to our 
two-step screening approach may be overcome by reflex testing, 
providing the possibility to perform HCV RNA PCR from the same 
sample that was used for HCV antibody screening.41 However, 
single-step reflex testing requires taking a blood sample in every indi-
vidual, while the easy and convenient approach of saliva-based antibody 
screening followed by point-of-care confirmatory HCV RNA PCR that 
was used in our project represents a major strength of this study.42 

Among 1,510 PWIDs who underwent HCV serology screening, we found 
an HCV seropositivity prevalence of 52.6%, which is higher than the 
positive HCV antibody prevalence of 42.2% discovered through a 
similar project performed among PWIDs in Southern Italy in 2019.34 Yet 
of note, the prevalence of HCV viremia was significantly lower among 
our study population at 37.3% (Fig. 1) as compared to 70.2% among the 
Italian cohort.34 On the one hand, this finding may be a reflection of the 
geographical differences in HCV prevalence, which was estimated to be 
higher in Italy than in Austria with 1% versus 0.2% of the national 
populations, respectively, in 2020.3 On the other hand, ongoing HCV 
elimination efforts aimed specifically at PWIDs in Vienna may have led 
to these substantial differences in HCV viremia prevalence.1,2 Interest-
ingly, a recent study from Australia, who is currently on track to meeting 
the WHO requirements for HCV elimination by 2030, found HCV 
viremia rates of 50% among PWIDs with low socio-economic status who 
were screened for HCV in a point-of-care setting, however, these results 
may be influenced by a smaller sample size.37 Importantly, 65 (27.2%) 
PWIDs who were found to be HCV viremic in our study reported having 
never been tested for HCV before, which is lower than in the Italian 
cohort where 48.1% were newly diagnosed.34 Overall, 163 (68.2%) of 
the 239 HCV RNA(+) identified in our study were unaware of their HCV 
viremia. Given the overall low prevalence of CHC among the general 
population in Austria, our data supports the current German and Euro-
pean guideline recommendations advising for risk-based HCV screening, 
e.g. for all PWIDs, that should be repeated and/or changed to HCV RNA 
PCR testing according to risk behavior such as ongoing IDU and/or HCV 
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antibody positivity due to previous HCV clearance, respectively.25,43,44 

The Italian study provided a more comprehensive follow-up of PWIDs 
who showed a positive HCV serology during the primary screening with 
91.2% of the HCV antiody positive individuals receiving HCV RNA PCR 
diagnostic testing, while only 79.5% of the positve HCV antibody study 
participants in our project agreed to undergo PCR. However, the study 
population investigated in our project was much larger than the Italian 
cohort one with n = 1,510 versus n = 593 individuals respectively.34 

While a bias in the data due to the differences in sample size as well as 
the lower PCR follow-up rate of positive HCV serologies in our cohort 
may in part cause misleading results, it has to be noted that treatment 
receipt was excellent in the Italian cohort, while it remained insufficient 
among our study population so far.34 This clinically relevant drop-off in 
the cascade to cure may be explained by the offsite referral required to 
initiate DAA treatment: While HCV screening/diagnostic testing and 
counseling were performed on-site at the substitution approval centers 
and PWIDs did not have to go out of their way to receive it, they had to 
attend a different address, namely Ambulatorium Suchthilfe Wien or 
Klinik Ottakring, for treatment evaluation. While Ambulatorium Such-
thilfe Wien is a low-threshold institution aiming to overcome barriers to 
treatment for PWIDs and pretreatment evaluation was performed in a 
single visit there, the geographical change from the substitution 
approval center to the low-threshold facility alone represents an 
obstacle in the cascade to HCV cure, which, hence, underlines the need 
for further decentralization and integration of HCV care in the everyday 
routine of PWIDs. However, pretreatment evaluation did not lead to any 
cases of loss to FU in our study. Of note, among the Australian cohort, a 
similar SVR rate of 21% of HCV viremic individuals was found as 
compared to our data.37 

Unfortunately, the COVID-19 pandemic has greatly interfered with 
the realization of this project, as only 6 of the total 8 awarding au-
thorities could be investigated. Additionally, social distancing and offi-
cial governmental restrictions specifically impaired linkage to care in 
our cohort, which may in part explain the low percentage of treatment 
initiations among the HCV viremic population. The effects of the COVID- 
19 pandemic are, however, impacting HCV elimination programs all 
over the world, and will have to be acknowledged upon the assessment 
of all global HCV elimination efforts towards the WHO goal.26–28 

Nevertheless, it is to be taken into consideration that the population 
investigated in this study represents a very difficult-to-reach cohort that 
has so far escaped all previous HCV elimination initiatives in Vienna.1,2 

Therefore, linkage to care can be expected to be specifically challenging 
and may require repeated recalls and/or the implementation of addi-
tional services, like for example a peer-based support program, which 
was shown to be effective in previous studies.5,11 To close existing gaps - 
including those provoked by linkage to offsite care - in the HCV elimi-
nation cascade for PWIDs, embedding screening and treatment in an 
established OAT program was shown to be highly effective.45 Further-
more, it must be acknowledged that the Austrian regulation of exclu-
sively tertiary care-mediated DAA prescription represents one of the 
most relevant obstacles in HCV care for PWIDs. While in this project as 
well as in previous HCV elimination efforts performed by our group1,2 

the regulation was overcome by outsourcing an outpatient hepatitis 
clinic affiliated with a tertiary care center authorized to prescribe DAA 
at a low threshold facility, enabling a broader spectrum of healthcare 
providers. Low threshold facilities to provide DAA treatment pre-
scriptions still remains to be achieved in Austria. 

We believe that our study provides a new approach to overcome the 
barriers to HCV screening/diagnostic testing in Viennese PWIDs. Per-
forming HCV screening/diagnostic testing in a point-of-care setting at 
the awarding authorities incorporated into the OAT program has facil-
itated the comprehensive delivery of HCV care to PWIDs who may 
otherwise never have attended an HCV screening/diagnostic testing 
institution. Overall, we have engaged a large population at risk of HCV 
infection in the screening/diagnostic testing process and combined 
screening/diagnostic testing with the established approach of DOT/ 

modified DOT with DAA to accommodate the needs of PWIDs. Impor-
tantly, adherence to DOT/modified DOT was excellent with only 0.2% of 
the scheduled ingestions being missed by our treated individuals, which 
led to an aliquot extension of treatment duration in the respective cases. 

However, our study also has some limitations. First, only 1,538 
(23.1%) of the total 6,665 PWIDs eligible for screening could be 
included, which was due to the shortened study duration for external 
reasons, and due to the high rate of PWIDs who declined participation in 
the project. The initial characterization of the included population is 
very basic (Table 1), which, however, goes in line with the concept of the 
project, delivering low-barrier HCV care in a point-of-care setting, and 
which can be intensified during the pretreatment workup. Second, 
linkage to care remains low with 21.3% of HCV viremic patients having 
started DAA therapy. Originally, linkage to care was greatly impaired by 
COVID-19-associated restrictions but is currently being actively pur-
sued, hence we expect an ongoing increase in treatment initiations. 
Third, considering that we did not observe any HCV reinfections during 
FU, it must be pointed out that enforcement of the recommended in-
tervals for HCV RNA PCR-FU was not subject to this project, and as 
adherence to long-term appointments remains problematic among 
PWIDs as elaborated in this manuscript, we cannot provide data from 
standardized assessment points. Therefore, intercurrent HCV reinfection 
and spontaneous clearance cannot be ruled out. Nevertheless, 31/48 
(64.6%) PWIDs who achieved SVR12 had FU HCV RNA PCR tests per-
formed between week 13 and 115 after the end of treatment, which 
represents a considerable rate of FU testing given the fact that all in-
dividuals included in this project were of low socioeconomic status and 
considered at risk for non-adherence to medical therapy, as represented 
by the high percentage of daily OAT dispensation among our study 
population. A fourth limitation of this project is that women represented 
a rather low percentage (21.6% female vs. 78.4% male DAA recipients) 
among the treated population. As this distribution mirrors the sex dis-
tribution documented among the overall PWID population enrolled in 
the Viennese OAT program, we do not believe that women suffered from 
a gender-specific disadvantage in this particular project.15 However, this 
finding draws attention to the fact that the incidence of HCV among 
young women marks a change in epidemiology in some parts of the 
world, and especially women with a history of IDU and/or on OAT may 
experience risk factors specific to this subpopulation that may have been 
overlooked so far (e.g. partnership with an older male, being in a rela-
tionship with a man who injects drugs, having to exchange sex for drugs 
to help a male partner obtain drugs, childcare and eldercare re-
sponsibilities with lack of childcare at medical appointments/inability 
to bring children to OAT dispensing visits, etc.).46–48 Especially for fe-
male PWIDs of childbearing age, this deficiency in targeted HCV care 
implies a potential risk for vertical transmission that may consecutively 
be overlooked.46 In Austria, vertical infectious disease transmission, 
namely concerning HIV and HBV, has been effectively targeted through 
a universal national screening program for pregnant women.49,50 Hence, 
adding HCV screening to this existing program would be a feasible first 
step in including this often overlooked but vulnerable population in 
targeted HCV care. 

While there are some promising strategies to increase linkage to care 
in previously diagnosed HCV viremic PWIDs,5 screening/diagnostic 
testing in those who declined to take part in low-threshold projects like 
this will remain a challenge. One option may be the implementation of 
"opt-out" screening/single-step diagnostic testing scenarios as part of 
harm reduction services,12 however, a small population of PWIDs - 
especially those who are not integrated in any systematic programs such 
as OAT or who do not use services such as syringe exchange - may 
currently not be able to get treated. 

In conclusion, this tailored approach to screening/diagnostic testing 
and treatment for HCV in Viennese PWIDs was an effective measure to 
include a population who may otherwise not have been diagnosed. 
Given the high rate of ongoing IDU among this population, targeted 
strategies to increase diagnosis rate and treatment receipt are key to 
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avoid further HCV transmission and progressive liver disease. In the 
absence of an effective HCV vaccine, the combination of OAT, DAA, and 
harm reduction as applied in this project will be key to facilitate HCV 
elimination among PWIDs. Our project supports the integration of HCV 
screening and treatment into preexisting services for PWIDs, which may 
be transferable to other regions nationally and internationally in the 
context of HCV elimination. 
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