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A B S T R A C T

Background: Hepatitis C virus (HCV) is a main cause of chronic liver disease worldwide and is consistently
under-diagnosed. Community-based screening initiatives, such as HepCheck, have been identified as
important components of HCV care. HepCheck focuses on screening and identifying HCV RNA-positive
cases in high-risk populations and linking them to care as part of a larger European project to improve
HCV care (HepCare).
Methods: HCV testing with a self-administered questionnaire was offered to 2822 individuals.
Results: There were 2079 patients screened. Overall, 397 (19%) of the total screened cohort were
identified as having active HCV infections as measured by HCV RNA PCR. The patients were mostly male
(84%), white (88%), and had a history of injecting drug use (IDU) (86%), homelessness (58%), and tattooing
(42%). There were 136 new cases (7% of the total sample and 34% of identified active infections). Romania
had the highest proportion of newly identified cases with 87%, then Ireland with 60%, and Spain with 43%;
the UK had the lowest proportion of new cases at 10%.
Conclusions: For those lost to follow-up, a major strategy is re-engagement. For those newly diagnosed,
the ‘seek and treat’ approach is a key strategy. Thus, different priorities are defined for different countries.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Hepatitis C virus (HCV) is one of the main causes of chronic liver
disease worldwide (Perz et al., 2006). The number of chronically
infected persons is estimated to be approximately 71 million
worldwide (World Health Organization, 2017). In the European
Union (EU) and European Economic Area (EEA), approximately 5.6
million people have been infected with HCV (1.1% of the general

population). However, national estimates of seroprevalence vary
widely, from 0.1% in Belgium, Ireland, and the Netherlands to 5.9%
in Italy (ECDC, 2016). Approximately 50–80% of individuals
infected with HCV will develop a chronic infection, and such
infections are associated with liver cirrhosis and hepatocellular
carcinoma (HCC) (Chen and Morgan, 2006). The long-term impact
of HCV infection is highly variable, from minimal changes to
extensive fibrosis and cirrhosis with or without HCC (Lee et al.,
2014; Lingala and Ghany, 2015). Acute infection is asymptomatic in
60–70% of cases, meaning that many do not become aware that
they are HCV-positive until decades after initial infection, after
progression of the disease and the emergence of sequelae
(Westbrook and Dusheiko, 2014). In its 2017 Global Hepatitis
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Report, the World Health Organization (WHO) highlighted under-
diagnosis as a major barrier to effecting HCV elimination by 2030
(World Health Organization, 2017).

Effective diagnosis and follow-up care is heavily reliant on the
screening of at-risk individuals (Zuure et al., 2014). People who
inject drugs (PWID) and ex-PWID bear the greatest burden of HCV
infection in Europe and account for the majority of new infections.
Estimates suggest 1.2 million PWID in Europe have been infected
with HCV, with 500 000 chronically infected (Hope et al., 2014).
Prevalence varies substantially between countries: according to
the European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA), HCV antibody (anti-HCV) prevalence among national
samples of PWID in 2014–2015 ranged from 16% to 84% (EMCDDA,
2017a; EMCDDA, 2017b; EMCDDA, 2017c; EMCDDA, 2017d;
EMCDDA, 2017e). In the EU, it has been estimated that about half
of all members of the prison population have used illicit drugs at
some time in their lives (Zurhold et al., 2005; Fazel et al., 2006).
Moreover, studies of infectious diseases in homeless people have
found that the highest absolute rate is for hepatitis C (Fazel et al.,
2014; Beijer et al., 2012).

The traditional model of care for the diagnosis and treatment of
HCV patients in hospital settings is ill-adapted to the needs and life
circumstances of vulnerable populations (EMCDDA, 2017c; Fourati
et al., 2018). A pilot study in the homeless population in Dublin,
Ireland demonstrated the inadequacy of this model in addressing
the specific needs of the homeless, reflected in only two of the 199
individuals who tested positive accessing treatment and cure
(Lambert et al., 2019). This reflects findings from other studies that
have emphasized the importance of community-based approaches
to testing and follow-up care (Morano et al., 2014; Bruce et al.,
2012). At the same time, the limited infrastructure and HCV
knowledge in opioid substitution therapy (OST) clinics and
primary care centres restrict their ability to provide HCV
assessment and treatment unsupported (Bruggmann and Grebely,
2015). Thus, for the foreseeable future, a multidisciplinary
partnership approach is important. Various integrated care models
have been demonstrated to successfully enhance HCV screening
and interferon-based treatment of PWID, including telemedicine
clinics between specialists and primary care providers (Arora et al.,
2011), and on-site HCV nursing and specialist support within OST
clinics and community health centres (Alavi et al., 2013; Grebely
et al., 2016).

The implementation of new testing technologies has been
highlighted as important in the expansion of access to testing in
health settings serving populations where there is a higher
prevalence of HCV (Ward, 2012). In community settings such as
drug and alcohol treatment centres, homeless services, and
prisons, point-of-care tests can be used alongside traditional
venous and dried blood spot testing and can be employed where
they are available and the more suitable option. For those living
with HCV, testing is the gateway to care and new HCV therapies
(Arora et al., 2011).

HepCare Europe is an EU-supported project involving
collaboration between five institutions across four member
states: Ireland, the UK, Spain, and Romania. The project aims to
develop, implement, and evaluate interventions to improve HCV
diagnosis, evaluation, and treatment among vulnerable pop-
ulations.

Objectives

The HepCheck component of HepCare focuses on intensified
screening and identifying new and previously known HCV-positive
cases and linking them to care. We aim to describe the character-
istics of the population with active HCV infection as defined by
HCV RNA-positive results.

Methods

Ethics

Ethical approval was granted by the institutional review boards
at each of the sites, namely Mater Misericordiae University
Hospital (Dublin, Ireland), North-West Haydock Research Ethics
Committee (London, UK), Hospital Universitario de Valme (Seville,
Spain), and Victor Babes Clinical Hospital for Infectious and
Tropical Diseases (Bucharest, Romania). Governance and oversight
for the study were provided through the overall governance
structure of the HepCare Europe Project.

Study design

This was a multisite feasibility study of a hepatitis C screening
intervention for vulnerable populations in which hepatitis C
screening was conducted in community settings through outreach
in community addiction, prison, and homeless services.

Settings and recruitment

The study was conducted across four European sites: Ireland
(Dublin, Cork), the UK (London), Spain (Seville), and Romania
(Bucharest). The study was performed with PWID, homeless
people, and prisoners through their points of contact with services
in the community at 90 different community sites. The study
targeted high-risk populations.

Dublin, Ireland
Screening took place in a closed, medium security prison for

adult males on the north side of the city with a population of over
500 prisoners. Data were collected between April 2017 and July
2018. Prison authorities were contacted through the principal
investigator’s network. A collaboration was established with a
prison doctor who provides a methadone clinic on site for the
prison population. Suitable dates for mass screening were
arranged. Information regarding the screening was disseminated
to the prisoners via a peer programme provided by a volunteer-led
organization. On the day of screening, members of the research
team approached prisoners to discuss the screening further. Those
who wanted to take part in the screening were consented by a
member of the research team. Where appropriate and feasible,
group consenting took place. All prisoners able to provide consent
were eligible for participation in the screening. In total 425
participants were recruited.

Cork, Ireland
Through the professional network of the principal investi-

gator in Dublin, a need for HCV screening in Cork City (South
West Ireland) was identified. Screening took place in Cork City
in the largest drug and alcohol clinic in Ireland’s Health
Services Executive’s Southern Region and two homeless
services also in Cork City. Doctors and nurses from addiction
and homeless services provide clinics including methadone and
in-reach clinics at each of the sites. Data were collected
between June 2017 and July 2018. At each of the three sites, the
screening day was advertised by local staff and a poster and
leaflet campaign was run at each site. Staff on the ground
encouraged service users to attend the screening day. Patients
were eligible to take part if they were over 18 years of age, used
any of the three services, and were willing and able to provide
informed consent. Consent was conducted at each site by the
research team and the process was supported by staff on duty
in the service on the day. In total, 193 participants were
recruited in Cork.
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London, UK
Screening was rolled out across 61 sites in London. The HepCare

team recruited participants within the Find & Treat Mobile Health
Unit (MHU), University College London Hospitals NHS Trust, which
provides health screening for homeless individuals across London
using community interventions and specialist outreach workers.
Sites were identified if they were deemed to have a high proportion
of individuals with risk factors for HCV such as injecting drug use
(IDU) and included homeless hostels, day centres, and drug
treatment services. Data were collected between September 2016
and May 2018. Prior to screening, the sites were visited by a member
of the research team to speak to staff and service users. Posters and
leaflets providing details of thescreeningday wereleftatservices.On
the day of screening, patients were approached by members of the
Find & Treat team to discuss whether they were at risk of HCV. Those
who were amenable to screening were then consented by a member
of the team. Patients were eligible for participation if they were over
16 years of age, able to provide signed informed consent, and part of
an underserved population in the community. In total, 461
participants were recruited at the UK site.

Bucharest, Romania
Nine sites were identified as suitable in Romania. They included

three night shelters, three addiction centres, two prisons, and a
hospital. In the case of prisons, screening took place on site at one
prison, while prisoners from another prison attended a hospital
setting for screening. Each of the services that participated in the
study is involved in the management of high-risk behaviour and
delivers both medical and social services to their service users.
Data collection across sites took place between April 2016 and July
2018. Screening at each site was arranged between the GP in charge
at the site and the research team. The GP informed patients of
screening in advance. Information about screening was also
disseminated through two well-known non-governmental orga-
nizations in Bucharest working with vulnerable populations.
Participants were eligible to take part if they were 18 years or
older, believed to be at high risk of HCV, i.e. active or past IDU,
homeless, or prisoner, and able to provide consent. On the
scheduled screening day, in collaboration with the GP and team
onsite, the research team assisted with providing information
about the process to patients and obtaining informed consent from
those willing to take part. In Bucharest, 510 participants were
recruited.

Seville, Spain
In total, 10 sites participated in Seville and its surrounding

areas. Centres in which service users who were high-risk for HCV
but were not accessing HCV testing or care were specifically
identified through the professional networks of the research team.
Data were collected between January 2017 and April 2018. Service
users were informed verbally of the screening in advance. On the
day of screening, they were provided with an information leaflet
outlining the purpose of the study, procedures, and how the
findings would be utilized. Participants were eligible to participate
if they were 18 years of age or older, a drug user, at risk of HCV, and

were attending the service for any reason during the recruitment
period. Those who were interested in participating were asked to
sign a consent form. In total, 490 participants were recruited.

Data analysis

Descriptive summary statistics were used, such as the median
with interquartile range (IQR) and frequencies with percentages, to
describe continuous and categorical variables. Study population
characteristics and outcomes were summarized by the participat-
ing site (Ireland, UK, Romania, and Spain). All analyses were
conducted using Stata 13.1 (StataCorp., College Station, TX, USA)

Results

Overall sample characteristics

There were 2079 patients screened. Overall, 397 (19%) of the
total screened cohort were identified as having an active HCV
infection (Table 1). In relation to the total numbers screened in
each country, the UK had the highest proportion of RNA-positive
patients with 43% of the overall screened cohort, then Spain with
19%, Ireland with 10%, and Romania with 9.2%.

Characteristics of the cohort with active infection (RNA-positive)

Of those with an active infection (n = 397), the highest
proportion was in the UK, with 50% (n = 197) of the overall cohort
having an active infection. Spain had the second largest proportion
at 23% (n = 91), then Ireland at 15% (n = 62), and lastly Romania at
12% (n = 47) (Figure 1).

The median age of the RNA-positive cohort was 45 years.
Patients were mostly male (84%) and mostly white (88%). Eighty-
six percent had a history of IDU. A high proportion had experienced
homelessness (58%) and rough sleeping (50%). Thirteen percent
were prisoners (Table 2). Rough sleeping was defined as people
sleeping or bedded down in the open air, such as on the street or in
doorways, parks, or bus shelters, and people in buildings or other
places not designed for habitation, such as barns, sheds, car parks,
cars, derelict boats, stations, or ‘bashes’ (Gallwey, 2017; Street
Homelessness, 2006). Homelessness was defined based on the
definitions of FEANTSA (the European Federation of National
Organisations working with the Homeless) (Amore et al., 2011).
The main risk factors for patients with an active HCV infection were
IDU (86%), homelessness (58%), tattooing (42%), and piercing (26%)
(Table 2).

There were 136 new cases of infection. These represented 7% of
the total screened sample and 34% of those identified with active
infections as defined by HCV RNA results. The highest number of
new cases was found in Romania (n = 41) (Figure 2). This
represented 87% of the total HCV RNA-positive cases found in
Romania. Proportions were calculated by using the number of new
cases in relation to the total number of RNA-positive cases. Ireland
had 60% of new cases, Spain had 43%, whilst the UK had the lowest
proportion of new cases at 10% (Figure 3).

Table 1
HCV overall screening results.

Ireland UK Romania Spain Total

No. of individuals screened 618 461 510 490 2079
Proportion of Ab-positive cases 121 (20%) 266 (58%) 211 (41%) 171 (35%) 769 (37%)
No. of RNA-positive resultsa 62 (10%) 197 (43%) 47 (9.2%) 91 (19%) 397 (19%)
No. of new cases of active HCV infection 37 (6%) 19 (4%) 41 (8%) 39 (8%) 136 (7%)

HCV, hepatitis C virus; Ab, antibody.
a Percentage calculated in relation to the total numbers screened in each country.
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Discussion

Key findings

There were 397 patients with active HCV infection, represent-
ing 19% of the screened cohort across all four European sites. PWID
accounted for 86% of all RNA-positive cases. Other main risk factors
were homelessness (58%), tattooing (42%), and piercing (26%).
Whilst there were 136 (7%) new cases of active HCV infection found
across the four HepCheck sites in the screened cohort, the majority
of identified HCV RNA-positive cases (66%, n = 261) were previous-
ly known. Findings point to the importance of screening not only
for identifying new cases, but also for identifying those previously
known cases and linking them to the cascade of care. Linkage and
retention in care seems to be particularly important in the UK,
where 50% of the overall cohort of active infections were located as
the UK had the lowest proportion of new cases found, with only
10%. New case finding seems to be particularly important in the

other three EU countries, and in Romania in particular. Out of the
47 cases found in Romania, 41 (87%) were new. Ireland also had a
high number of new cases found with 60%. In Spain, 42% were new
cases. In these three countries intensified screening seems to be
particularly important to identify previously unknown patients.

Comparison with existing literature

The WHO and EU have mandated the elimination of HCV by
2030 (Zuure et al., 2014; Hatzakis, 2017). Under-diagnosis has been
highlighted as an obstacle to achieving this goal (Morano et al.,
2014). To address this issue, studies have highlighted the
importance of implementing screening strategies appropriate
for high-risk populations (Bruce et al., 2012; Deerin et al., 2018).

It has been estimated that 43% of PWID in the EU/European Free
Trade Association (EFTA) region (member states plus Norway,
Iceland, Liechtenstein, and Switzerland) are HCV RNA-positive
(Negro, 2014). This is comparable to the HepCheck screening
results, which showed 37% HCV RNA positivity among PWID at the
four EU sites. In their study on the control of HCV among PWID,
Zeremski et al. advocate the co-localization of HCV management
within drug services (Zeremski et al., 2013). Across sites, the rate of
HCV infection among PWID was 37% and the proportion of drug
users among all of those who tested positive for active HCV
infection was 86%. Thus our findings would also suggest that the
co-localization of HCV management within drug services would be
beneficial.

The UK had the highest number of cases with active HCV
infection, with 50% of the overall cohort. Indeed, the European
Centre for Disease Prevention and Control (ECDC) reported that the
rate of reported hepatitis C cases in the UK is one of the highest in
Europe (Programme for HIV, 2018). Although HCV has been
reported mostly in male patients at a ratio of 1.9 to 1 (Gallwey,
2017), the present study cohort had an even higher proportion of
males, approximately 5 to 1 (84%). Some of the increased
proportion of males is likely due to the recruitment of prisoners
from a male prison. The median age was 45 years, which seems to
be slightly older than the findings of the ECDC (median age 35–44
years) (Gallwey, 2017).

Strengths and limitations

Data on the length of HCV infection and on whether or not the
intervention resulted in a patient successfully completing treat-
ment are not yet available. Further analysis of the data is necessary
in order to ascertain the full impact of the HepCheck intervention.
Qualitative interviews are ongoing in a sample of the population to
assess the reasons for loss to follow-up when status was previously
ascertained. The study focused on high-risk groups such as the
homeless, drug users, and prisoners.

Implications for practice, policy, and future research

HepCheck results showed a high number of previously known
cases lost to follow-up. There is a disparity from country to country.
The UK had the highest number of individuals with active
infections in this high-risk population, and the UK cohort largely
consisted of patients who had reported being diagnosed previous-
ly. The UK issued screening guidelines in 2012 (NICE, 2012). Drug
treatment services were the main opportunities for HCV testing,
but coverage was patchy with no specific targets for numbers to be
screened or referred. This has improved over the past few years,
and most services have specific targets to screen a proportion of
their clients. There are various providers of drug treatment
services: a mixture of public and private sector depending on
geography, within the 32 London boroughs. Initial testing was with

Figure 1. RNA positive results- proportion by country.

Table 2
Characteristics of the HCV RNA-positive individuals.

n (%) (N = 397)

Age in years (median, IQR) 45.0 (37.2–51.6)
Sex, n (%)

Male 335 (84%)
Female 62 (16%)

Ethnicity, n (%)
White 349 (88%)
Roma 10 (3%)
Other 38 (9%)

Homelessness, n (%)
Homelessness ever 230 (58%)
Rough sleeping ever 198 (50%)

IDU ever, n (%) 340 (86%)
Prisoner, n (%) 50 (13%)
Tattoo, n (%) 168 (42%)
Piercing, n (%) 102 (26%)
Blood transfusion, n (%) 33 (8%)
Sexually transmitted infection test, n (%) 18 (5%)

HCV, hepatitis C virus; IQR, interquartile range; IDU, injecting drug use.
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HCV antibody tests via dried blood spots, and often a positive test
would then require a repeat visit for another HCV RNA test. Nearly
all services now ‘reflex test’, whereby anyone who is HCV antibody-
positive is automatically tested for HCV RNA. Other testing
opportunities are with emergency departments, GPs, sexual health
services, specialist homeless teams, and mobile outreach services.
Therefore, there has been an increase in opportunities to get tested
in recent years in the UK. Initiatives such as HepLink and HepFriend
are therefore now highly relevant for this cohort. University
College London and University College Hospital have taken a lead
in implementing peer support initiatives such as HepFriend to
address the issue of retention in care in the UK.

In Romania, Ireland, and Spain, case finding seems to be of high
importance to locate newly diagnosed cases of HCV. Ireland
produced comprehensive screening guidelines in 2017 (Hepatitis C
Screening, 2017); however these guidelines have largely not been
implemented in practice. The number of new cases found in Ireland
in this study seems to highlight the lack of implementation of this
screening strategy. In Spain, no active screening strategy for HCV
was implemented during 2016–2018. The screening process would
have usually started in primary care, generally as part of the
workup to evaluate elevated liver enzymes. In Romania there was

also no specific national HCV screening policy between 2016 and
2018. Individuals were screened for hepatitis C in hospitals, in
infectious diseases or hepatology departments, and at drug
substitution centres, leaving many patients behind in the
community.

The HepCheck model provides a template for intensified HCV
screening that could be rolled out across European sites according
to local healthcare systems and resources. It has the potential to
increase numbers of HCV cases identified among vulnerable
populations. Consortium members at participating sites have been
working with regional and national bodies to develop services and
structures of HCV care based on the HepCheck model. While social
barriers to HCV care in Romania remain, some of the structural
barriers have been removed as a result of recommendations by
HepCare consortium members made to national bodies in charge
of healthcare provision. Future research could continue to focus on
vulnerable populations and in particular PWID who are at the
highest risk of transmission, i.e. those currently injecting and
sharing equipment and not accessing any drug services or
healthcare. Attention could also be brought to the homeless.

Conclusions

The results of this study show that HCV infection is common in
vulnerable populations, in particular among PWID, and that many
of these patients are not accessing care and treatment. Many are
not yet diagnosed and many are previously diagnosed and ‘lost to
follow-up’. New testing strategies, including point-of-care anti-
body testing and point-of-care PCR testing, identifying not just
exposure but also actual active infection, are important develop-
ments. To be able to go to the patient, diagnose them in the
community, give them a timely diagnosis, and immediately offer
them treatment, eliminates the ‘lost to follow-up’ problem
encountered historically with these patients. Viral elimination of
HCV in the European Union will only be achieved by such
innovative ‘patient-centred’ approaches. Each of the EU sites must
implement different strategies. In the UK and Spain, where the
majority of those diagnosed had been previously identified, re-
engagement is the key strategy. In Ireland and Romania, where the
majority had not been previously identified as HCV-infected, a
‘seek and treat’ approach, going to those not engaging with the
healthcare system, is the required strategy to successfully treat
such individuals and eliminate HCV in vulnerable populations.
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