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Abstract
Background and Aims: Identification of people living with hepatitis C virus (HCV) via 
readily available laboratory records could be a key strategy for macro-elimination, 
aligning with the WHO elimination goal. Therefore, the ELIMINATE(ELIMINation 
of HCV in AusTria East) project aimed to systematically re-link people with a ‘last-
positive’ HCV-RNA PCR record to care.
Methods: In 10 major liver centres in Eastern Austria, a systematic readout of ‘last-
positive’ HCV-RNA PCR test records obtained between 2008 and 2020 were conducted 
and linked to available patient contact data. Between 2020 and 2023, individuals were 
contacted first by phone, then by letter, to inform them about the availability of effective 
direct-acting antiviral (DAA) treatment and invite them for pre-treatment evaluation.
Results: The overall cohort of last-positive HCV+ individuals included 5695 subjects 
(62.5% males, mean age 57.3 ± 17.3 years); of note, 1931 (34%) of them had died 
and 759 (13%) individuals had no valid contact information. Of the remaining 3005 
individuals, 1171 (40.0%) had already achieved sustained virological response (SVR) 
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1  |  INTRODUC TION

Worldwide, chronic infection with the hepatitis C virus (HCV) af-
fects 56.8 million people and causes 250 000 liver-related deaths 
per year.1 As a result of HCV-associated chronic hepatic inflam-
mation, 5%–10% of individuals with chronic hepatitis C develop 
liver cirrhosis over the course of 20 years; subsequently, 2%–3% 
face an annual risk for hepatic decompensation or hepatocellular 
carcinoma.2,3

The introduction of direct-acting antiviral (DAA) agents marked 
a significant change in the treatment of hepatitis C. Unlike previous 
interferon-based therapies, which were characterised by lengthy 
treatment durations, poor tolerability and relatively low cure rates 
of 50%–60%,4 DAAs have revolutionised treatment by successfully 
clearing the virus in virtually all individuals and genotypes at a fa-
vourable tolerability profile due to their targeted action on proteins 
essential to the viral replication circle.5,6

In 2016, with the advent of effective and finite treatments for 
what was previously a chronic disease, the World Health Organization 
(WHO) announced their ambitious goal to eliminate viral hepatitis, 
including HCV as a global public health threat by 2030.7 To achieve 
this goal, pivotal pillars of the elimination strategy were increasing 
the rates of HCV diagnosis (from 5% to 90% globally) and treatment 
(from <1% to 80% of HCV-infected individuals). These efforts aim 
to achieve a 90% reduction in HCV incidence and 65% reduction in 
globally HCV-related mortality.7 The successful implementation of 
the WHO's plan could prevent an estimated 15.1 million HCV infec-
tions and 1.5 million HCV-related deaths by 2030.8

The journey to HCV-elimination is reflected by the ‘cascade of 
care’, encompassing the following key steps: estimating prevalence in 
a defined cohort or region of interest, diagnosing HCV infection (i.e. 
HCV-RNA/viraemia), initiating treatment and confirmation of prov-
ing HCV clearance by undetectable blood stream HCV-RNA (usually 
12 weeks) after end of treatment (i.e. sustained virological response, 
SVR12).1,9,10 Estimates for people living with HCV in Austria range 
from 25 000 to 80 000, corresponding to a prevalence of 0.2%–0.9% 
in the overall population.1 The most common route of transmission 

in Austria as well as Europe is ongoing injecting drug use and pene-
trative unprotected sexual intercourse, especially among men who 
have sex with men (MSM).11,12 In the past, several micro-elimination 
programs targeting high-risk groups such as people who inject drugs 
(PWIDs),13–15 MSM,16 homeless people,17 and prison inmates,18 suc-
cessfully identifying and treating individuals within these cohorts, 
have been launched in Austria. These micro-elimination programs 
are effective tools on the road to reaching the WHO goals, operating 
on the principle that micro-elimination will ultimately and cumula-
tively result in macro-elimination.19–24

These ‘lost to care’ individuals often underwent anti-HCV anti-
body testing in the past, perhaps as a routine measure prior to sur-
gical interventions, yet treatment was not initiated or unavailable 
at the time.26–28 Reconnecting with these individuals is key to in-
creasing treatment rates among those living with HCV and to reduce 
future HCV transmission. Countries like Spain29 and Egypt30 have 

at the time of re-call. We successfully reached 617 (20.5%), of whom 417 (67.6%) 
attended their pre-treatment visit, and 397 (64.3%) commenced DAA-therapy. HCV 
cure has been confirmed in 326 individuals, corresponding to an SVR rate of 82.1%.
Conclusion: The ELIMINATE project identified 5695 people living with HCV who were 
‘lost to care’ despite documented HCV viraemia. While invalid contact data were an 
evident barrier to HCV elimination, premature deaths among the cohort underscored 
the severity of untreated HCV. The implementation of a systematic HCV-RNA PCR 
recorded-based re-call workflow represents an effective strategy supporting the 
WHO goal of HCV elimination.

K E Y W O R D S
DAA, elimination, hepatitis C, WHO

Lay summary

Chronic hepatitis C, a viral infection causing liver damage, 
cirrhosis and liver cancer, affects millions globally. With 
the development of highly effective and curative antiviral 
drugs over the last decade the World Health Organization 
has set an ambitious target to eliminate hepatitis C as a 
global health threat by 2030. Achieving this goal hinges 
on the success of elimination programs that identify indi-
viduals and link them to care. In this study, we present a 
large-scale laboratory record-based project in major liver 
centres in Eastern Austria (ELIMINATE), within which we 
systematically re-called individuals infected with the hepa-
titis C virus (HCV) who had previously fallen out of care. 
We successfully initiated antiviral treatment in a consid-
erable number of these individuals and cured more than 
320 individuals from hepatitis C. Projects like this crucially 
contribute to realising the goal of HCV elimination.
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implemented national elimination plans that include comprehensive 
interventions, including general population HCV screening. This ap-
proach facilitates the identification of individuals beyond the scope 
of micro-elimination programs. In contrast, Austria, despite its nu-
merous successful micro-elimination efforts, lacks a national elimi-
nation plan, and hence, identification of such individuals ‘submerged’ 
within the general populace has historically been a challenge. With 
the Austrian healthcare system fully covering DAA treatment costs 
for those with national universal health insurance, which is available 
to all people with registered employment or unemployment status 
in Austria, and temporary coverage available through charitable or-
ganisations,17 the identification of individuals living with HCV and 
their linkage to care now represents the key barrier on Austria's road 
to HCV elimination. While local micro-elimination programs target-
ing populations specifically vulnerable to HCV infection have been 
effective, the gap between the number of people reached through 
these tailored interventions and the estimated national HCV prev-
alence in Austria indicates that a relevant number of people living 
with HCV are yet to be discovered.

We present the final report of our macro-elimination program 
‘ELIMINATE’ (‘ELIMINation AusTria East’),31 focusing on identifica-
tion and treatment of an HCV viraemic population lost to HCV care 
or unaware of their HCV-RNA+ status.

2  |  METHODS

2.1  |  Aims and outcomes

The objective of this study was to identify individuals with a ‘last-
positive’ HCV-RNA PCR recorded between 2008 and 2020 at the 
reference virology laboratories in Eastern Austria, and to investigate 
the effectiveness of using a phone/letter-based re-call strategy by 
reporting the numbers/rates along the typical cascade of care for 
individuals infected by HCV (Figure 1).

All individuals identified via a positive HCV-RNA PCR were in-
cluded in the overall cohort and actively re-called either by phone 
or mailed letters, during the study period between 2020 and 2023. 
Generally, eligible individuals were attempted to be contacted via 
phone call at least twice throughout a time period of 7 days; and if 
unsuccessful, a letter was mailed to the individuals stating that be-
cause of a previously positive hepatitis C test, a follow-up appoint-
ment (at the respective treatment centre) was recommended for a 
medical check-up and potential initiation of highly effective thera-
pies. To enhance linkage to care, the liver clinic of the Vienna General 
Hospital had established a dedicated HCV hotline32,33 operated by 
dedicated healthcare professionals at each centre (nurses and med-
ical doctors). It allowed individuals to directly contact healthcare 
professionals and schedule appointments for diagnostic evaluations 
and/or the initiation of DAA therapy. With this, individuals living 
with HCV regardless of their risk behaviour, who previously did not 
receive treatment (lost to follow-up, non-eligible) or who were un-
aware of their chronic infection were identified and invited to the 

respective HCV treatment centre for treatment consideration, and 
ultimately, to start treatment.

2.2  |  Study design and definitions

In Austria, DAA therapy is covered by universal health insurance, 
but only certified HCV treatment centres may issue a DAA prescrip-
tion. Hence, all main HCV treatment centres in Eastern Austria were 
invited to join this study. Ultimately, 10 centres from Vienna (Vienna 
General Hospital/Medical University, Vienna, Klinik Ottakring, Klinik 
Landstraße, Klinik Donaustadt, Klinik Floridsdorf, Klinik Favoriten, 
Barmherzige Schwestern Wien) and Lower Austria (Landesklinikum 
Wiener Neustadt, Landesklinikum Mistelbach, Universitätsklinikum 
St. Pölten) participated. Data were acquired through automated sys-
tematic retrieval of laboratory data in each centre.

We defined ‘chronic hepatitis C’ as a positive result in the HCV-
RNA PCR test, regardless of the availability of an anti-HCV serology 
result. SVR was defined as a negative HCV-RNA PCR following a 
previously positive HCV-RNA PCR test. Contact details were ob-
tained by the local patients' medical records. Individuals who were 
successfully contacted (i.e. reached by phone or letter, and appoint-
ment were scheduled or declined) and had not achieved SVR prior 
to the re-call were invited to the respective HCV treatment centre 
offered comprehensive blood test (including liver disease parame-
ters and virological assessment for HCV, human immunodeficiency 
virus [HIV], hepatitis B virus [HBV] and liver stiffness measurement 
[FibroScan®, Echosens, France]). Furthermore, individuals received 
counselling regarding HCV transmission and treatment options. 
Clinical parameters (e.g. alcohol use, ongoing injecting drug use) 
were assessed by the attending physician at the re-call visit. Alcohol 
use was defined as several drinking days per week (three or more) 
with more than 14 g of alcohol per day. Ongoing injecting drug use 
was defined as at least one intravenous recreational drug application 
in the preceding 6 months.

Advanced chronic liver disease was defined based on non-
invasive test (NIT) cut-offs either by a liver stiffness measurement of 
≥15 kPa,34,35 an AST to platelet ratio-index (APRI)-score of >236 or a 
Fibrosis-4 (FIB-4)-score of ≥2.67.37

Individuals, who were still viraemic, were offered antiviral treat-
ment with DAAs. The choice of DAA was tailored depending on 
the individual comorbidities as well as on national re-imbursement 
policies.

2.3  |  Statistical analysis

Statistical analyses were performed using R version 4.3.1+ (R Core 
Team, R Foundation for Statistical Computing, Vienna, Austria). The 
cascade of care includes numbers of deaths, prior-SVRs, invalid con-
tact information, individuals who were reached, those who attended 
their first visit, started treatment, achieved SVR or declined treat-
ment. We segmented the study into three distinct periods as data 
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were available at these specific timepoints: baseline/study inclusion 
at the time of ‘last-positive’ HCV-RNA PCR; therapy start at DAA 
initiation; and SVR at either four (SVR 4) or 12 weeks after end of 
treatment (SVR12).

At these timepoints, continuous variables were reported as 
mean ± SD (for those following a Gaussian distribution) and as 
median and interquartile range (IQR; for variables following a 
non-Gaussian distribution). The number of data points available 
for each variable was also reported. The presence of a Gaussian 
distribution was determined using the Kolmogorov–Smirnov test. 
Categorical variables were reported as absolute (n) and relative 
(%) proportion of individuals with/without a certain characteris-
tic. Student's t-test was used for group comparisons of normally 
distributed variables and Mann–Whitney U-test for non-normally 
distributed variables, respectively. Group comparisons of categor-
ical variables were performed using either Pearson's chi-squared 
(χ2) or Fisher's exact test, as appropriate. The level of significance 
was set at a two-sided p-value <0.05.

To obtain definitive data on mortality, we consulted the nation-
wide death registry (data cut-off: 9 October 2023) including the ICD 
codes of primary cause of death. Liver-related deaths were defined 
as those resulting from liver cirrhosis or its associated complications 
or hepatocellular carcinoma. Furthermore, we stratified according 
to psychiatric morbidity-related death and time of death (pre- vs. 
COVID-period; cut-off: 15 March 2020). To compare survival ac-
cording to SVR status, outcome data started with the date of the last 
HCV-RNA PCR test until the date of death or last follow-up. Survival 
was compared using the log-rank test.

2.4  |  Ethics

Ethical approval for data collection in this study was granted by 
the respective ethics committees of the Medical University of 
Vienna (EK1968/2018), the ethics committee of the city of Vienna 
(EK19-175-VK), and the ethics committee for the state of Lower 

F I G U R E  1  Overview of the macro-elimination ELIMINATE program in Eastern Austria. Ten tertiary care centres in Eastern Austria 
collaborated on a macro-elimination strategy targeting Hepatitis C. We re-called individuals with a documented ‘last-positive’ HCV RNA PCR 
from 2008 to 2020. Systematic outreach was conducted via telephone or mailed letter to re-establish linkage to care. During the initial visit 
at the respective centres' outpatient clinic, we reassessed each patient's current HCV status and liver disease severity. Confirmed cases of 
HCV viraemia led to the immediate offer and, upon acceptance, start of direct acting antiviral (DAA) therapy. A follow-up visit confirmed 
sustained virological response (SVR) through PCR re-evaluation. DAA, direct acting antiviral agents; HCV, hepatitis C virus; Rx, prescription; 
SVR, sustained virological response.
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Austria (EKGS1-EK-4/624-2019), as well as the ethics committee of 
Barmherzige Schwestern Österreich.

3  |  RESULTS

3.1  |  Cascade of care

Overall, 5695 individuals with potential persisting HCV viraemia 
were identified according to HCV-RNA positivity upon their last 
available PCR test (‘last-positive’) and included in the study cohort 
(Figure 2). At the time of re-call, 1931 (34%) of them had passed 
away, and 759 (13%) had no valid contact information (phone num-
ber and/or postal address). Finally, 3005 individuals were actively 
re-called, of whom 1171 (21%) reported prior successful antiviral 
therapy. We successfully contacted 617 (20.5% of the 3005 re-
called individuals) either by phone or mailed letter, offering them a 
visit at the respective clinics' outpatient unit. Of these, 417 (67.6% 
of 617) individuals attended the offered clinical visit for reassess-
ment of their HCV infection status. Subsequently, DAA therapy 
was initiated in 397 (64.3% of 617) individuals. SVR was docu-
mented in 326 individuals, representing 82.1% of those who initi-
ated treatment.

3.2  |  Study inclusion

The overall cohort of individuals with ‘last-positive’ HCV-RNA PCR, 
as recorded at any of the 10 participating hospitals, consisted of 
3559 (62.5%) males and 2136 (37.5%) females (Table 1). The mean 
age was 57.3 ± 17.3 years. HCV-genotype was available in 42% of in-
dividuals, with genotype 1 (n = 1569, 65.6%) and 3 (n = 610, 25.5%) 
being the most prevalent. Median HCV-RNA PCR was 690 000 (IQR: 
134000-2 510 000) U/mL.

Injecting drug use was the most common route of transmission 
(n = 1074, 78.8% of recorded routes). Transient elastography was 
available for 7% of individuals, with 69 of 377 individuals (18.3%) 
exhibiting elevated liver stiffness measurements (LSM ≥15 kPa) at 
baseline.

Using the APRI and the FIB-4-score cut-offs for ruling-out sig-
nificant fibrosis (i.e. <1 and <1.3), 2675 of 3660 (73.1%) and 1194 of 
3616 (33.0%) had no evidence of significant fibrosis.

Conversely, for ruling-in significant fibrosis (i.e. >2 and >2.67), 
494 of 3660 (13.5%) and 1219 of 3616 (33.7%) displayed signs of 
significant fibrosis. Overall, in 1264 of 3692 individuals (34.2%) one 
of these available NIT cut-offs was positive for significant fibrosis. 
Other laboratory parameters are presented in Table 1.

3.3  |  DAA-therapy initiation

In total, 397 (64.3% of 617 successfully contacted individuals; 
Table 2) people with persisting HCV viraemia commenced DAA ther-
apy. The median delay from ‘last-positive’ HCR-RNA PCR to initia-
tion of DAA treatment at one of the collaborating centres was 59.8 
(IQR: 6.5–95.7) months. Most individuals were treated with sofosbu-
vir/velpatasvir (n = 299, 75.3%), followed by glecaprevir/pibrentasvir 
(n = 96, 24.2%) and sofosbuvir/velpatasvir/voxilaprevir (n = 2, 0.5%). 
Most prevalent HCV genotypes among the treated population were 
genotypes 1 (n = 202, 66.7%) and 3 (n = 75, 24.8%).

Of note, 6 (1.8%) individuals showed a chronic HBV-coinfection, 
none of whom had detectable HBV-DNA via PCR. HIV-coinfection 
was more common (n = 51, 15.6%). Common comorbidities were sig-
nificant alcohol intake (42.1%), cigarette smoking (51.1%), ongoing 
injecting drug use (45.0%), psychiatric disorders (21.9%), opioid ag-
onist therapy (23.5%), and overweight or obese (45.7% and 13.7%, 
defined by a BMI of ≥25/30 kg/m2). According to non-invasive as-
sessment by continuous attenuation parameter (CAP) of ≥248 dB/m, 

F I G U R E  2  Patient care cascade 
overview. In total, we identified more 
than 5695 ‘last-positive’ PCRs records 
across participating hospital databases. 
Valid contact information was available 
for 3005 patients, of whom one third 
had already achieved SVR12 before. We 
successfully contacted 617 patients, 
417 of whom attended their first visit at 
the respective outpatient clinics. DAA-
therapy was initiated in 397 patients, with 
326 achieving confirmed SVR. Alarmingly, 
a third of the overall cohort was found 
deceased between the last HCV-RNA 
PCR and re-call through our project. 
DAA, direct acting antiviral agents; SVR, 
sustained virological response.
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226 individuals (33.6%) had hepatic steatosis. Transient elastography 
revealed elevated LSM (i.e. ≥15 kPa) in 39 of 238 individuals (16.4%).

Using the APRI score, significant fibrosis could be ruled out in 
204 of 275 individuals (74.2%), while 31 of 275 (11.3%) were at risk 
of significant fibrosis. According to the previously described cut-offs 
of the FIB-4 score, 62 of 275 (22.5%) individuals were at risk of sig-
nificant fibrosis. Overall, 74 of 298 individuals (24.8%) met one of 
these NIT cut-offs for significant fibrosis risk, at treatment initiation 
(Table 2).

3.4  |  Outcomes

Of the 397 individuals who were started on DAA treatment, 326 
(82.1%) have achieved SVR (Table 3).

Elevated LSM values after successful treatment were rare at 
30 of 116 available LSM readings. Additional information and pa-
rameters at the time of SVR are specified in Table 3. A comparison 
of paired LSM readings before and after treatment (n = 95) showed 
a statistically significant decrease in LSM values (baseline median 
LSM: 6.5 [IQR 5.4–9.9] vs. follow-up median LSM: 6.1 [IQR 4.5–8.9]; 
Wilcoxon Rank test: p < 0.001) at SVR, as illustrated in Figure 3.

At the time of contact, 1975 (34.7%) individuals had passed away 
(Table 4). Of these, 667 (33.8%) were attributable to liver-related and 
287 (14.5%) were related to psychiatric comorbidity. The median age 
at death was 63 ± 17.9 years, with most deceased individuals being 
over 50 years old (n = 1395, 70.6%).

Figure  4 compares the survival according to the SVR status. 
Individuals who did not achieve SVR had a median overall survival of 

TA B L E  1  Baseline characteristics of patients at inclusion, 
corresponding to ‘last-positive’ HCV PCR test.

Available data, n (%) Overall (n = 5695)

Patient characteristics

Sex, n (%)

Female 5695 (100) 2136 (37.5)

Male 3559 (62.5)

Age, years, mean (SD) 57.3 (17.3)

HCV-genotype, n (%)

1 2392 (42) 1569 (65.6)

2 78 (3.3)

3 610 (25.5)

4 133 (5.6)

5 1 (0)

6 1 (0)

Suspected main HCV transmission route, n (%)

i.v. drug use 1363 (23.9) 1074 (18.9)

Sexual 
transmission

87 (1.5)

Blood transfusion 
transmission

137 (2.4)

Other transmission 65 (1.1)

Unknown 
transmission

4332 (76.1)

HCV-RNA, median 
(IQR)

4656 (82) 690 000 
(134 000–2 510 000)

LSM, median (IQR) 377 (7) 7.1 (5.5,11)

LSM ≥ 10 kPa, n (%) 105 (27.9)

LSM ≥ 15 kPa, n (%) 69 (18.3)

LSM ≥ 25 kPa, n (%) 31 (8.2)

APRI Score, median 
(IQR)

0.51 (0.3–1.08)

<0.5, n (%) 3660 (64) 1819 (49.7)

<1.0, n (%) 2675 (73.1)

>1.5, n (%) 663 (18.1)

>2.0, n (%) 494 (13.5)

FIB-4 Score, median 
(IQR)

1.81 (1.11–3.54)

<1.3, n (%) 3616 (63) 1194 (33.0)

1.3–2.67, n (%) 1203 (33.3)

>2.67, n (%) 1219 (33.7)

Haemoglobin (g/dL), 
mean (SD)

2575 (45) 13.2 (2.26)

Platelets (G/L), 
median (IQR)

3801 (67) 205 (151–259)

<150 G/L, n (%) 922 (24.3)

WBC (G/L), median 
(IQR)

2574 (45) 6.87 (5.40–9.01)

INR, mean (SD) 992 (17) 1.2 (0.5)

Bilirubin (mg/dL), 
median (IQR)

2526 (44) 0.63 (0.43–1.00)

Available data, n (%) Overall (n = 5695)

Albumin (mg/dL), 
mean (SD)

2481 (44) 39.4 (7.2)

AST (IU/L), median 
(IQR)

3698 (65) 43 (30–76)

ALT (IU/L), median 
(IQR)

3767 (66) 46 (27–82)

>ULN, n (%) 1995 (53.0)

AP (IU/L), median 
(IQR)

2548 (45) 83 (64–113)

gGT (IU/L), median 
(IQR)

3611 (63) 55 (28–119)

>ULN, n (%) 1886 (52.2)

CRP (mg/dL), median 
(IQR)

2115 (37) 0.3 (0.1–1.4)

Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; 
APRI, AST to platelet ratio-index; AST, aspartate aminotransferase; 
CAP, continuous attenuation parameter; CRP, C-reactive protein; gGT, 
gammaglutamyl transferase; HCV, hepatitis C virus; INR, international 
normalised ratio; IQR, interquartile range; LSM, liver stiffness 
measurement; n, number; SD, standard deviation; ULN, upper limit of 
normal; WBC, white-cell blood count.

TA B L E  1  (Continued)
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TA B L E  2  Patient characteristics at DAA initiation.

Available data, n (%) Therapy starts (n = 397)

Patient characteristics

Time from last (+)PCR to DAA treatment, months, median (IQR) 397 (100) 59.8 (6.5, 95.7)

Sex, n (%)

Female 397 (100) 247 (62.2)

Male 150 (37.8)

Age, years, mean (SD) 397 (100) 50.4 (13.6)

Type of DAA, n (%)

Sofosbuvir/Velpatasvir 397 (100) 299 (75.3)

Glecaprevir/Pibrentasvir 96 (24.2)

Sof./Vel./Voxilaprevir 2 (0.5)

HCV-genotype, n (%)

1 303 (76) 202 (66.7)

2 11 (3.6)

3 75 (24.8)

4 15 (5.0)

HCV-RNA, median (IQR) 345 (87) 757 000 (244 000–2 830 000)

HBsAg+/HBV DNA+, n (%) 328 (83) 6 (1.8)/0 (0)

Anti-HBs+, n (%) 327 (82) 72 (22.0)

Anti-HBc+, n (%) 328 (83) 94 (28.7)

Anti-HDV+/HDV RNA+, n (%) 327 (82) 2 (0.6)/0 (0)

HIV+, n (%) 327 (82) 51 (15.6)

Significant alcohol intake, n (%) 280 (71) 118 (42.1)

(History of) smoking, n (%) 278 (70) 142 (51.1)

(History of) i.v. drug use, n (%) 280 (71) 126 (45.0)

Psychiatric comorbidities, n (%) 274 (69) 60 (21.9)

Opioid agonist therapy, n (%) 272 (69) 64 (23.5)

Body mass index (kg/m2), median (SD) 25.3 (4.9)

<17.5 234 (59) 3 (1.3%)

17.5–25 124 (53.0%)

>25 107 (45.7%)

LSM, median (IQR) 238 (60) 6.9 (5.4–10.1)

LSM ≥ 10 kPa, n (%) 61 (25.6)

LSM ≥ 15 kPa, n (%) 39 (16.4)

LSM ≥ 25 kPa, n (%) 23 (9.7)

CAP, median (IQR) 226 (193–276)

CAP ≥248 dB/m, n (%) 80 (33.6)

CAP >275 dB/m, n (%) 50 (25.1)

APRI Score, median (IQR) 0.47 (0.3–1.01)

<0.5, n (%) 275 (69) 148 (53.8)

<1.0, n (%) 204 (74.2)

>1.5, n (%) 47 (17.1)

>2.0, n (%) 31 (11.3)

FIB-4 Score, median (IQR) 1.4 (0.92–2.5)

(Continues)
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8.75 years (95%CI: 8.11–9.58) versus not reached in individuals who 
achieved SVR (p < 0.001).

The COVID-19 pandemic (i.e. after 15 March 2020), which cov-
ered 22.6% of the study period, accounted for 16.4% of the deaths. 
Psychiatric morbidity-related deaths tended to be more common 
during the COVID pandemic, compared to the pre-pandemic period 
(19.1% vs. 14.9%; p = 0.059). Contrarily, liver-related deaths were less 
common during the COVID pandemic (23.1% vs. 38.7%; p < 0.001). 
Individuals with psychiatric comorbidities died significantly younger 
(on average 20 years younger) compared to individuals without (di-
agnosed) psychiatric comorbidities (mean age: 46.1 vs. 66.2 years; 
p < 0.001). Additionally, male individuals who died were, on average, 
10 years younger than their female counterparts (mean age at death: 
59.1 vs. 69.3 years; p < 0.001; Table 4).

4  |  DISCUSSION

Despite highly effective antiviral treatment options for hepatitis 
C, achieving the WHO's goal of eliminating hepatitis C by 2030 
remains challenging as re-connecting with individuals lost to care 
represents a significant hurdle. Previous studies indicate that 
despite the availability of DAAs, only one third of individuals 
diagnosed with HCV infection receive antiviral treatment, with 
the majority of them being lost to follow-up.1 To address this 
issue, we launched the ELIMINATE (ELIMINation AusTria East) 
project, a first of its kind macro-elimination program in Austria. 
This initiative was uniquely based on systematic laboratory 
record-based identification of people with readily available 

‘last-positive’ HCV-RNA PCR results followed by a comprehensive 
re-call strategy in 10 tertiary care centres in Eastern Austria.31 In 
contrast to previous Austrian micro-elimination projects targeting 
populations who are considered specifically vulnerable to HCV 
infection, the ELIMINATE project is agnostic of risk behaviour as 
it is just based on HCV viraemia and thus, potentially reaching a 
broader spectrum of individuals affected by HCV.

The ELIMINATE project allowed us to identify 5695 persons with 
previous HCV-RNA viraemia, enabling us to contact a significant 
number of people living with HCV. Despite challenges such as in-
valid contact information and deceased individuals, we found that an 
encouraging number of 1171 individuals had already achieved viral 
clearance. Our two-step approach of contacting 3005 individuals, 
first, by phone and, if not reached, subsequently by mailed letter, re-
sulted in a total of 617 people living with HCV and partly unaware of 
their infection responding to our re-call. Of these, a remarkable 417 
scheduled visits and 397 (64.3%) HCV viraemic individuals started 
DAA therapy, demonstrating an outstanding rate of linkage to care 
as two-thirds of the contacted individuals received DAA therapy. 
This achievement stands out when compared to similar studies: one 
Taiwanese ‘callback’ study28 based on HCV-antibodies contacted 
11 934 of 31 275 identified HCV-antibody-positive individuals, with 
only 323 (2.7% of contacted individuals) receiving DAA-treatment. A 
Dutch study in Alkmaar,38 using public health service data, identified 
499 potential HCV-RNA-positive individuals, with only three (12.5%) 
of 24 eligible individuals starting antiviral therapy. Another Dutch 
study in Utrecht39 analysed hospital and laboratory data regarding 
anti-HCV-positive and/or HCV RNA-positive individuals, inviting 269 
re-discovered individuals, with 22 (8.1%) commencing DAA therapy. 

Available data, n (%) Therapy starts (n = 397)

<1.3, n (%) 275 (69) 122 (44.4)

1.3–2.67, n (%) 91 (33.1)

>2.67, n (%) 62 (22.5)

Haemoglobin (g/dL), mean (SD) 249 (63) 13.8 (2.1)

Platelets (G/L), median (IQR) 289 (73) 215 (163–261)

WBC (G/L), median (IQR) 249 (63) 6.6 (5.5–8.4)

INR, mean (SD) 214 (54) 1.1 (0.2)

Bilirubin (mg/dL), median (IQR) 245 (62) 0.5 (0.4–0.7)

Albumin (mg/dL), mean (SD) 235 (59) 42.8 (5.4)

AST (IU/L), median (IQR) 277 (70) 44 (31–69)

ALT (IU/L), median (IQR) 286 (72) 52.5 (33–88)

>ULN, n (%) 174 (60.8)

AP (IU/L), median (IQR) 244 (61) 83 (66.8–107)

gGT (IU/L), median (IQR) 283 (71) 48 (27–109)

>ULN, n (%) 140 (49.5%)

CRP, mg/dL, median (IQR) 227 (57) 0.2 (0.1–0.4)

Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; APRI, AST to PLT ratio-index; AST, aspartate aminotransferase; BL, baseline; 
CAP, continuous attenuation parameter; CRP, C-reactive protein; DAA, direct acting agent; gGT, gammaglutamyl transferase; HCV, hepatitis C virus; 
HIV, human immunodeficiency virus; INR, international normalised ratio; IQR, interquartile range; LSM, liver stiffness measurement; n, number; SD, 
standard deviation; ULN, upper limit of normal; WBC, white-cell blood count.

TA B L E  2  (Continued)
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Similarly, a Brazilian study40 analysed the patient registries of three 
large outpatient clinics and successfully contacted 1818 HCV-RNA 
PCR-positive individuals either by phone or by mailed letter, with 
201 (11.5%) receiving antiviral treatment. Our project was based on 
already available PCR data and thus, circumvented potential extra 

steps associated with an antibody-based re-call system, where many 
non-viraemic individuals are identified as well. These comparisons 
highlight the effectiveness of the ELIMINATE project in linking in-
dividuals to care and initiating treatment. Although we could not 
show data on cost-efficacy in our study, implementing this macro-
elimination study design into clinical routine in participating centres 
facilitated HCV cure (SVR) in a considerable proportion of individu-
als. With the high number of deaths prior to re-call, this study also 
underlines the need to implement such elimination strategies into 
clinical routine to reach the WHO goals.

Our findings highlight the vulnerability of the HCV patient pop-
ulation, as evidenced by the fact that at the time of data acquisition, 
1931 (34%) of the potentially eligible HCV individuals had already 
passed away. Common health hazards and comorbidities prevalent 
in our overall population included pathological alcohol use, cigarette 
smoking, ongoing injecting drug use and psychiatric disorders. Our 
study results emphasise that a substantial proportion of individu-
als have only been linked to care for the specific disease that was 

TA B L E  3  Patient characteristics at the confirmation of sustained 
virological response (SVR).

Available 
data, n (%) Overall (n = 326)

Patient characteristics

Sex, n (%)

Female 326 (100) 204 (62.6)

Male 122 (37.4)

LSM (kPa), median (IQR) 116 (35.6) 5.9 (4.4–10.4)

LSM ≥ 10 kPa, n (%) 30 (9.2)

LSM ≥ 15 kPa, n (%) 17 (5.2)

LSM ≥ 25 kPa, n (%) 8 (2.5)

CAP (dB/m), median (IQR) 226 (192–271)

CAP ≥248 dB/m, n (%) 37 (11.3)

CAP >275 dB/m, n (%) 23 (7.1)

APRI score, median (IQR) 0.26 (0.18–0.37)

<0.5, n (%) 209 (64.1) 176 (54.0)

<1.0, n (%) 193 (59.2)

>1.5, n (%) 8 (2.5)

>2.0, n (%) 5 (1.5)

FIB-4 score, median (IQR) 1.34 (0.84–1.96)

<1.3, n (%) 207 (63.5) 100 (30.7)

1.3–2.67, n (%) 80 (24.5)

>2.67, n (%) 27 (8.3)

Haemoglobin (g/dL), mean (SD) 212 (65.0) 13.9 (1.6)

Platelet count (G/L), median 
(IQR)

212 (65.0) 209 (168–255)

WBC (G/L), median (IQR) 212 (65.0) 6.7 (5.4–8.4)

INR, mean (SD) 193 (59.2) 1.1 (0.2)

Bilirubin (mg/dL), median (IQR) 212 (65.0) 0.4 (0.3–0.7)

Albumin (mg/dL), mean (SD) 209 (64.1) 44.0 (4.2)

AST (IU/L), median (IQR) 205 (62.9) 23 (18–29)

ALT (IU/L), median (IQR) 205 (62.9) 20 (14–27)

>ULN, n (%) 13 (4.0)

AP (IU/L), median (IQR) 212 (65.0) 75 (62–93)

gGT (IU/L), median (IQR) 212 (65.0) 21 (15–35)

> ULN, n (%) 28 (8.6)

CRP (mg/dL), median (IQR) 149 (58) 0.1 (0.1–0.4)

Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; 
APRI, AST to PLT ratio-index; AST, aspartate aminotransferase; CAP, 
continuous attenuation parameter; CRP, C-reactive protein; gGT, 
gammaglutamyl transferase; HCV, hepatitis C virus; INR, international 
normalised ratio; IQR, interquartile range; LSM, liver stiffness 
measurement; n, number; SD, standard deviation; SVR, sustained 
virological response; ULN, upper limit of normal; WBC, white-cell 
blood count.

F I G U R E  3  Comparative analysis of LSM pre- and post-antiviral 
treatment. LSM by vibration-controlled transient elastography in 
kPa among 95 patients with available LSM data. DAA, direct acting 
antiviral agents; LSM, liver stiffness measurement SVR, sustained 
virological response.

TA B L E  4  Patient outcomes and mortality data for the overall 
cohort.

Overall 
(n = 5695)

Patient characteristics

Deaths, n (%) 1975 (34.7)

Liver-related death, n (%) 667 (33.8)

Death related to psychiatric comorbidities, n (%) 287 (14.5)

Age at death, years, mean (SD) 63 (17.9)

≥50 years, n (%) 1395 (70.6)

Deaths during COVID period, n (%) 324 (16.4)

Deaths according to sex, n (%)

Female 781 (36.6)

Male 1194 (33.5)
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individually perceived as their main priority, for example, opioid 
substitution or HIV coinfection, but were widely not aware of their 
chronic HCV infection and/or of the availability of highly effective 
DAA therapies.

Notably, only one third of the reported deaths in our HCV pop-
ulation were documented to be liver-related while death related 
to psychiatric comorbidities emerged as the second most common 
cause of mortality. This data points to the multifaceted health chal-
lenges faced by individuals living with HCV, underscoring the need 
for comprehensive healthcare approaches that address both physi-
cal and mental health needs.

Furthermore, we observed that among individuals already 
aware of their chronic HCV infection, common barriers to receiv-
ing DAA therapy or being referred to a treatment centre included 
lack of awareness about the availability of DAA therapy, possibly 
compounded by apprehension stemming from previous experiences 
with interferon treatments. Additionally, traditional reimbursement 
policies in Austria, which limited DAAs to individuals with fibrosis 
stage ≥F2, acted as a deterrent. Other factors such as advanced age, 
ongoing alcohol consumption or injecting drug use also played a role 
in hindering access to treatment.

Importantly, treating HCV infection in individuals with ongoing 
risk behaviour is both safe and effective and limits further trans-
mission of HCV—a concept known as ‘treatment as prevention’.41 
Moreover, while individuals with alcohol use disorder are less likely to 
receive DAA treatment, it has been shown that alcohol use does not 
significantly impact the safety or efficacy of these drugs.42 Rather, 
concomitant alcohol use is a main driver for liver disease progression 
in individuals with chronic hepatitis C; hence, antiviral treatment for 
HCV should not be delayed.43 Nevertheless, adherence to DAAs 
may be impaired in individuals with psychiatric comorbidities includ-
ing substance use disorders, therefore, it may be necessary to adapt 
treatment approaches and provide individual supporting measures 
to attend the specific needs of these vulnerable populations.44 In 

this regard, healthcare provider education and creating awareness 
have been shown to be crucial steps to improve linkage to care.22

Our macro-elimination program is the first of its kind in Austria 
and stands as an excellent example of successful cooperation be-
tween multiple hospitals. While this effort led to the identification 
and successful treatment of a significant number of individuals with 
HCV, the success of this program largely hinged on the dedication 
and perseverance of healthcare professionals at each participating 
centre. The impact of national elimination programs is evident in 
global examples such as Egypt. Previously ranked fifth worldwide 
in HCV prevalence, Egypt treated 3.5 million citizens from 2015 to 
2019 following its national elimination plan, subsequently drop-
ping to rank 17 on global rankings by 2020.45 We believe that with 
potent tools like DAAs available, powerful national elimination 
plans tracing the progress and implementing comprehensive inter-
ventions encompassing all healthcare facilities are needed.

Another obstacle we face in Austria and other European coun-
tries are restrictions to DAA prescription due to insurance cover-
age.26 Prescription of DAA treatment is often limited to certain 
centres and mostly to the outpatient setting, thus impeding the 
streamlined initiation of HCV treatment and potentially breaking an 
established linkage to care. To enhance linkage to care, the liver out-
patient clinic of the Vienna General Hospital has established a ded-
icated HCV hotline. Operated by physicians and nurses, this hotline 
provides a direct communication channel for people living with HCV 
or those with suspected viral hepatitis. It allows individuals to di-
rectly contact healthcare professionals and schedule appointments 
for diagnostic evaluations and/or the initiation of DAA therapy.32,33 
This physician- and nurse-operated HCV hotline was an essential 
component of our ELIMINATE project. Cost efficiency does not jus-
tify a 24-h hotline covered by medical doctors. However, phone calls 
by medical doctors were performed during working hours. On top, 
prevention of complications of ongoing HCV infection must be the 
ultimate goal, decreasing costs inherently.

F I G U R E  4  Comparison of Kaplan–Meier curves of individuals who achieved versus did not achieve sustained virological response (SVR).
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Our study has some limitations. Prior SVR status was mostly 
confirmed by negative PCR data, but was self-reported in some rare 
cases, and hence, some individuals may still have HCV infection. 
In individuals with self-reported SVR, several details regarding the 
treatment were assessed to ensure the validity of the self-reported 
outcome: (i) if the treatment was ‘with injections/interferon’, (ii) the 
name of the DAA used, (iii) the number of tablets per day and/or 
the duration of the treatment, (iv) the dedicated centre prescribing 
DAA therapy, (v) the year of the treatment. If the individual was able 
to provide coherent information regarding their treatment the self-
reported SVR was accepted. Individuals with incoherent responses 
or in any case of uncertainty of treatment status, visits were offered 
for check-up and blood work at the respective centre. In order to en-
sure uniform and standardised procedures across the centres, regu-
lar virtual and presential meetings with members of all participating 
centres were held.

In Europe, combined elimination efforts resulted in an enor-
mous increase in the number of HCV treatments over the last de-
cade alongside a decrease in HCV incidence.45 Concordantly, the 
European Disease Centre reported a decline in hepatitis C notifica-
tion rate, dropping from 8.8 per 100 000 individuals in 2016 to 3.9 in 
2020.12 Despite this positive trend, the numbers from our Austrian 
elimination program showed that a substantial number of potential 
HCV viraemic individuals remain untreated and concealed within 
the general population, underscoring the ongoing need for targeted 
identification and treatment efforts.

Our project showed that systematic identification of individuals 
with positive PCR for HCV-RNA from pre-existing laboratory data, 
constitutes an effective and reproducible approach for HCV macro-
elimination. Through the ELIMINATE program, we were able to 
successfully identify and provide care to individuals living with hep-
atitis C irrespective of risk behaviour. This successful, systematic, 
PCR-based macro-elimination strategy appears broadly applicable 
to other countries, offering a powerful tool on the road towards the 
WHO's goal of eliminating viral hepatitis by 2030.
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