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1 | INTRODUCTION

Chronic viral hepatitis is a leading cause of morbidity and
mortality from liver disease worldwide, ranking among the top
10 causes of global mortality in 2013 [1]. Chronic hepatitis B
(CHB) and C (CHC) are responsible for most of this liver dis-
ease burden with CHC being predominant in Europe and the
Americas and CHB more frequent in the other parts of the
world. For years, the response to chronic viral hepatitis has
been hampered by lack of public knowledge, inadequate
screening policies, poor treatment access and low treatment
efficacy [2]. However, global inertia has come to a halt in large
part due to the advent of curative anti-HCV direct acting
antivirals (DAAs) that have the potential to radically impact
the HCV epidemic. The resulting paradigm shift in CHC care
and management has mobilized involvement of international
global health organizations such as the World Health Organi-
zation (WHO) in the fight against viral hepatitis. In 2016, the
World Health Assembly of the United Nations called for the
elimination of viral hepatitis as a public health threat, with a
90% reduction in cases of viral hepatitis and 65% reduction in
mortality by 2030 [3]. Because of shared routes of transmis-
sion, more than four million individuals are estimated to be
dually infected with the human immunodeficiency virus (HIV)
and either CHC or CHB worldwide [4,5]. Most of these peo-
ple belong to key populations such as men who have sex with
men (MSM) and people who inject drugs (PWID) where speci-
fic interventions will need to be implemented to reach elimina-
tion of viral hepatitis, including prevention of reinfection.
Against this backdrop, a workshop preceding the opening of
the ninth IAS conference of HIV Science was held in Paris in
July 2017. The meeting brought together researchers study-
ing the epidemiology and modelling of viral hepatitis, profes-
sionals caring for those infected, as well as community
researchers and advocates. The aim of the meeting was to

pave the Rocky Road to viral hepatitis elimination by leaving
no one behind (https://www.iasociety.org/Co-Infections/Hepa
titis). This special issue of the Journal of the International AIDS
Society has gathered landmark papers on viewpoints, reviews
and original data that were presented and debated during the
Workshop. It provides a comprehensive overview of the chal-
lenges faced by scientists, stakeholders and the community in
addressing questions of why, how and when viral hepatitis will
be eliminated, with a specific focus on HIV coinfection and key
populations.
As with HIV infection, the approach to viral hepatitis elimi-

nation necessitates increasing prevention and implementing
action along all the points of the care and treatment cascade.
Specific service targets will need to be met along all these
points to ensure success. In the commentary by Hutin and col-
leagues, it is evident that considerable progress is being made
with respect to implementing some existing tools for preven-
tion such as improved blood and medical injection safety and
birth dose vaccination for HBV, whereas harm reduction tar-
gets are falling far short of requirements [6]. Diagnosis rates
remain appallingly low and without rapid increases in the num-
ber of people tested and diagnosed, little progress in the very
low treatment rates can be expected.
One of the key aspects for successful implementation of

the WHO global health sector strategy on HBV and HCV will
be the establishment of national and local policies and pro-
grammes that support elimination efforts across sectors.
Lazarus and colleagues report on country-specific responses
to viral hepatitis (including public awareness and engagement
and the presence of explicit policies for prevention, diagnosis,
monitoring and treatment) from the unique perspective of
patient groups in Europe (Hep-CORE) comparing 2016 and
2017 [7]. While, in general, there was a reported increase in
policies and programmes for viral hepatitis over time, more
than half of countries did not have national strategies in place
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to address these epidemics and programming gaps for preven-
tion (e.g. needle exchange) and treatment were notable. The
study also highlights the important gaps that remain for
engaging civil society in the efforts to eliminate viral hepatitis.
To reach elimination of viral hepatitis, the first major obsta-

cle is identification of the estimated 80% of HCV-infected per-
sons globally who have not yet been diagnosed. Fourati and
colleagues review diagnostic algorithms that might simplify
and enhance decentralized diagnostic testing, particularly in
low- and middle-income settings [8]. For example, the develop-
ment of reliable HCV core antigen tests and new nucleic acid
amplification technologies could permit a one-step screening
and diagnosis strategy. The availability of pangenotypic antivi-
ral therapy may soon obviate the need to perform HCV geno-
typing prior to treatment which could further simplify
management. While promising, these new technologies are
currently too costly for widespread deployment.
Once having performed HCV screening in targeted popula-

tions, the next critical step is linking those found to be
infected to care, retaining them in the healthcare system and
ensuring access to treatment. This is particularly challenging in
key populations who are at high risk of becoming reinfected
(e.g. people who use drugs, men having sex with men) or
developing CHC-associated complications (e.g. HIV coinfected).
Sacks-Davis and colleagues have gathered data from numer-
ous local and national initiatives working towards HCV elimi-
nation in HIV coinfected populations globally [9]. They show
that while treatment has increased substantially in the era of
DAAs (mostly in high-income countries) two-thirds of people
still have not accessed treatment. Even in settings where
treatment is largely available, such as most parts of Western
Europe, criminalization, discrimination and stigmatization are
strong barriers to treatment for all.
One of the major barriers to increasing treatment for HCV

has been the high cost of DAAs creating a fundamental para-
dox: the most expensive antivirals (on a per pill basis) are
needed by some of the most marginalized groups least able to
advocate for their health. The expansion of HIV therapy has
served as a catalyst for change in the financing of anti-infec-
tive therapies and for drug pricing more widely. While the HIV
response necessitated the development of creative pricing
strategies for brand name drugs and expanded access to low-
cost generic therapies, it is the exorbitant cost of HCV treat-
ment that is forcing a re-examination of government’s role in
negotiating prices and the roles of generic companies and
NGOs in drug development. Grillon and colleagues propose
several practical actions that have been successfully used by
treatment advocates that could help increase access to DAAs,
especially for people who inject drugs [10].
Alongside the cascade of care for CHC, DAAs are a corner-

stone on the road to HCV elimination. The scale up of HCV
treatment will require moving treatment beyond specialty set-
tings and necessitate the greater involvement of a broad
range of health professionals. In a very practical paper,
Aghemo and colleagues review recent treatment recommen-
dations for HCV and provide guidance for clinicians on key
management issues including the pretreatment assessment of
liver severity, on-treatment monitoring and follow-up after
reaching sustained virological response [11].
Bringing several lines of evidence together, Martin and col-

leagues review modelling and cost data for the feasibility

achieving HCV elimination in HIV-positive previously men-
tioned MSM and previously mentioned PWID [12]. They also
present a real world example from the Netherlands which
demonstrates that a very rapid decline in HCV prevalence can
be achieved in HIV-positive MSM through DAA scale up. Inci-
dence appears to be declining as a result but likely will not
reach the 90% reduction in incidence required for elimination.
They conclude that elimination is achievable in these key pop-
ulations, but that treatment alone, despite being cost effective,
will be insufficient and must be paired with harm reduction
and behavioural changes to prevent reinfections.
Finally, in a commentary that aims to pave the future of

research in the field of viral hepatitis, Boyd and colleagues
highlight the main evidence gaps that still need to be filled so
the United Nations for the Millennium goals of combating viral
hepatitis may be reached [13]. More tools are needed for pre-
venting ongoing transmission, identifying undiagnosed infec-
tions (raising awareness and developing innovative screening
tools), to broaden indications for treatment and facilitate
access to drugs worldwide, as well as continued investment in
the design of new drugs and approaches for HBV cure; all are
complementary steps that may eventually lead to hepatitis
elimination.

2 | CONCLUSION

The availability of safe, all-oral and curative therapies for HCV
is having a transformative influence on the course of the glo-
bal response to CHC. Lessons learned in striving towards viral
hepatitis elimination can also inform responses to HIV, HBV
and other emerging infectious disease threats. The expanding
response to viral hepatitis has, on the one hand, uncovered
health inequities globally, between and within countries, and,
on the other hand, provided opportunities to develop new
community-based models of integrated health services that
could have wide impact beyond HIV and HCV. At its best, the
HCV treatment revolution can be used as a tool to draw
marginalized peoples into health services that have frequently
been hostile to them and adapt them to their realities thereby
acting on a wide array of health and social services needs for
vulnerable populations. We are well along the road to viral
hepatitis elimination. However, to reach the ultimate goal of
elimination, continued mobilization of, and advocacy for, the
communities affected, increased investment into research and
development of diagnostics and new medicines that are
affordable and sustained political engagement will be needed.
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COMMENTARY

How far are we from viral hepatitis elimination service coverage
targets?
Yvan J-F Hutin1§, Marc Bulterys1 and Gottfried O Hirnschall1
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Abstract
Introduction: In 2016, the Global Health Sector Strategy (GHSS) on viral hepatitis called for elimination of viral hepatitis as a
major public health threat by 2030 (i.e. 90% reduction in incidence and 65% in mortality). In 2017, WHO’s first-ever Global
Hepatitis Report presented the baseline values for each of the core indicators of the strategy. We review the challenges and
opportunities that lie ahead in order to reach the 2030 service coverage targets.
Discussion: Three-dose coverage of hepatitis B vaccine in infancy reached 84% in 2015 (2030 target: 90%); however, only
39% received the timely birth dose (2030 target: 90%). Blood safety (97% of blood units screened with quality assurance,
2030 target: 100%) and injection safety (5% unsafe injections, 2030 target: 0%) had made substantial progress while harm
reduction fell short (27 syringe and needle sets distributed per person who injects drugs per year, 2030 target: 300). World-
wide, 9% and 20% of the HBV- and HCV-infected population respectively, were aware of their status (2030 targets: 90%). In
the short term, to reach the 2020 target of diagnosing 50% of those infected, 107 million HBV infected persons and 15 mil-
lion HCV infected persons should be urgently diagnosed. Overall, in 2015, less than 10% of known infected persons were on
HBV treatment or had started HCV treatment (2030 targets: 80%).
Conclusions: The prevention component of elimination is on track with respect to hepatitis B vaccination, blood safety, and
injection safety. However, coverage of the hepatitis B vaccine timely birth dose requires a substantial increase, particularly in
sub-Saharan Africa, and harm reduction needs to be taken to scale as injecting drug use accounts for a third of mortality from
HCV infection. A promising but limited start in hepatitis testing and treatment needs to be followed by immediate and sus-
tained action so that we reach the service coverage targets required to achieve elimination by 2030. Treating persons coin-
fected with HIV and hepatitis viruses is particularly urgent and needs to be promoted in the context of the HIV response.

Keywords: viral hepatitis; elimination; strategy; public health; indicators; monitoring; evaluation; hepatitis B; hepatitis C;
treatment access
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1 | INTRODUCTION

The public health consequences of hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections have long been
neglected [1]. Till the 1980s, little had been undertaken in the
field of prevention or treatment for viral hepatitis. In 1992, a
World Health Assembly (WHA) resolution (WHA 45.17) called
for introduction of hepatitis B vaccine in all WHO member
states by 1997. This, along with financial support from the
Global Alliance for Vaccine and Immunization (GAVI) and facili-
tated procurement of vaccines through the revolving fund of
the region of the Americas led to a major increase in vaccine
coverage in the 2000s [1]. Prevention also took off through
other initiatives on blood safety [2], injection safety [3] and
harm reduction [4]. However, it is only recently that more
attention has been given to testing and treatment, following
the availability of direct acting anti-virals (DAAs) for HCV
infection in 2014. Ultimately, in 2016, the WHA adopted the

Global Health Sector Strategy (GHSS) on viral hepatitis. The
GHSS calls for the elimination of viral hepatitis as a major
public health threat by 2030 (defined as 90% reduction in
incidence and 65% in mortality) [5]. This breakthrough resolu-
tion led to subsequent resolutions by WHO regional commit-
tees and the development of regional action frameworks for
hepatitis. As a result, many countries have initiated work to
formulate national action plans, starting with initial
assessments.
In 2014, the World Health Assembly requested the WHO

Secretariat to examine the feasibility of eliminating hepatitis B
and C. In 2015, the Sustainable Development Goals (SDGs)
also committed to combating viral hepatitis as part of the tar-
get 3.3 [6]. WHO therefore commissioned a mathematical
model that suggested that if the viral hepatitis response were
to reach five synergistic prevention and treatment service
coverage targets, hepatitis B and C could be eliminated as a
major public health threat [7,8]. These five interventions are
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(1) hepatitis B immunization, (2) hepatitis B vaccine timely
birth dose and other interventions for the prevention of
mother to child transmission of HBV, (3) blood and injection
safety, (4) prevention of transmission among persons who
inject drugs (PWIDs) through comprehensive harm reduction
and (5) testing and treatment for chronic HBV and HCV infec-
tion. Reducing the number of new infections and deaths
requires a comprehensive health sector approach. It is
expected that the implementation of these five priority inter-
ventions in the context of the universal health coverage
framework will strengthen health systems, which is the over-
arching target for the Sustainable Development Goal 3 on
health [9].
In April 2017, WHO published its first-ever Global Hepatitis

Report [1] to describe the worldwide situation in terms of
viral hepatitis in 2015. The report summarizes the epidemio-
logical situation in terms of prevalence (257 and 71 million
persons living with chronic HBV and HCV infection respec-
tively), incidence, and mortality (1.34 million deaths) in 2015.
One of the objectives of this report was to estimate the base-
line values of each of the core service coverage indicators of
the GHSS on viral hepatitis, in relation to the proposed ser-
vice coverage targets for 2030 (Figure 1). In this commentary,
we review the challenges and opportunities that lie ahead for
the global efforts to reach the 2030 service coverage targets
that are key to achieving elimination. The core principle of the
HIV/AIDS response – that no one should be denied treatment
by accident of geography or income – is our overarching
objective [10].

2 | DISCUSSION

2.1 | Prevention

2.1.1 | Infant hepatitis B immunization

In 2015, the global reported coverage for the third dose of
hepatitis B vaccine among infants was 84% [1], close to the
2020 (90%) and 2030 (90%) targets of the GHSS. However,
there were substantial variations across WHO regions. The
Western Pacific region (90%), the American region (89%) and
the South East Asia regions (87%) were above the global
average and close to the target of the GHSS while the Euro-
pean region (81%), the Eastern Mediterranean region (80%)
and the African region (75%) had lower coverage. In Asia, a
higher prevalence of HBV infection and higher burden from

HBV-associated cirrhosis and hepatocellular carcinoma may
explain the mobilization in countries that has led to the rapid
scale-up for the control of hepatitis B through immunization
[11]. In the Americas, a long-standing tradition of investment
in immunization systems may explain the high reported cover-
age. In the European region, the situation is split. On the one
hand, the European Union includes a number of countries that
have not yet included hepatitis B vaccine into their routine
immunization schedule. On the other hand, a number of East-
ern European countries that have been going through rapid
economical transition have faced difficulties in maintaining
high immunization coverage. In the Eastern Mediterranean
region, coverage has also been heterogeneous. In the African
region, where the prevalence of chronic infection remains high
in the general population, three-dose infant hepatitis B vaccine
coverage remained relatively low as a number of low-income
countries are still dependent on international development
assistance to maintain immunization services and some others
are facing war or civil unrest.
To achieve the 90% coverage targets of the GHSS on viral

hepatitis, stronger immunization delivery systems will be
needed, in the context of the Global Vaccine Action Plan [12].
Most importantly, and to achieve equity, coverage exceeding
90% should be achieved not only at the global level, but also
at the regional, national and sub-national levels, and if possi-
ble, in each of the poorer districts so that no children are left
behind in reducing the incidence of HBV infections in early
childhood.

2.1.2 | Prevention of mother to child transmission
of HBV infection

The current mainstay of the prevention of mother to child
HBV transmission is the administration of a timely birth dose
of hepatitis B vaccine (i.e. within 24 hours of birth) [13]. In
2015 [1], the global coverage reported was 39% (for a 2030
target of 90%). In the Western Pacific Region, coverage with
the timely birth dose increased from 2% in 2000 to 83% in
2015 as a result of a commitment towards a goal for the con-
trol of HBV infection [14]. In the region of the Americas, cov-
erage also increased dramatically as a result of strong
immunization services. In the African region, which is charac-
terized by high HBV prevalence, coverage remains very low
(10%), as a result of a combination of obstacles, particularly
the low proportion of births that take place in the healthcare
setting [15] and misconceptions among many health care staff
and policymakers regarding the presumed benefit of the
timely birth dose. This low birth dose coverage is problematic
as those infections acquired at birth in Sub-Saharan Africa are
the ones that account for the majority of chronic liver disease
later in life [16]. New tools are becoming available to prevent
transmission of HBV from mothers to children, including use
of Tenofovir for mothers with high viral load [17]. Further
examination of evidence, values and preferences is needed
before WHO can make a decision to recommend them for
large-scale use. In the meantime, the WHO Western Pacific
Region proposes to engage in prevention of mother to child
transmission of HBV infection in an incremental manner, start-
ing with universal immunization of infants with hepatitis B vac-
cine (including a timely birth dose), and adding progressively
and sequentially, testing and follow up and pregnant women,

Figure 1. Global Health Sector Strategy on viral hepatitis: 2015
baseline towards the 2030 service coverage targets for the core
interventions.
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use of hepatitis B immune globulin and anti-viral medicine for
women with high viral load [18]. Use of anti-virals in pregnant
women with high HBV viral load may be a higher priority in
Asia as perinatal transmission of HBV is more common in this
region [19].

2.1.3 | Blood and injection safety

In 2013, among the 137 countries that reported data on this
indicator to the Global Database on Blood Safety, 97% were
screening all blood donations using basic quality procedures,
which included documented standard operating procedures
and participation in an external quality assurance scheme
(ahead of the 2020 target of 95%) [20]. However, blood trans-
fusion safety is still a concern, especially in low- and middle
income countries, where the prevalence of transfusion trans-
missible infections is high, and quality and coverage of blood
screening are inadequate [21,22]. Hence, further work is
needed on the screening of blood units, in the broader con-
text of national blood safety policies that also ensure (a)
recruitment of safe, voluntary, non-remunerated blood donors
and (b) appropriate clinical use of blood.
There was substantial improvement in the safety of health-

care injections in the world between 2000 and 2010. In these
ten years, the proportion of injections given with equipment
re-used in the absence of sterilization decreased from 33% to
8% [23]. According to 2010 data, healthcare injections
remained particularly unsafe in some countries of the Eastern
Mediterranean Region, with 14% re-use still detected and a
large number of unsafe injections per capita. This persisting
driver of transmission needs to be addressed through safer
healthcare, introduction of reuse-prevention devices [24] and
a reduction in unnecessary healthcare injections [25], particu-
larly in the Eastern Mediterranean and South-East Asia
regions where unsafe injection practices could lead to re-
infection after HCV cure [26]. More recent and better quality
data are also needed to monitor the evolution of injection
safety since 2010.

2.1.4 | Harm reduction

Injection drug use accounts for close to a third of new HCV
infections and also for about a third of the mortality from the
sequelae of HCV infection [27]. However, harm reduction suf-
fers from poor documentation and very low coverage in most
countries around the world. In terms of the core indicator of
the GHSS for viral hepatitis (i.e. the number of syringe and
needle sets distributed by person who inject drugs each year),
the most recent data are from 2010 [28] with an estimated
27 sets per user and per year, against 200 and 300 targets
for 2020 and 2030 respectively. If viral hepatitis is to be elim-
inated, [29] an approach combining prevention and treatment
will be needed with sufficient coverage of both [30]. Inte-
grated, high-impact interventions recommended by WHO and
other United Nations agency [31] require a policy context that
prevents stigma and discrimination [32].

2.2 | Diagnosis and treatment

Few people with viral hepatitis have been diagnosed (9% [22
million] of HBV-infected persons and 20% [20 million] of

HCV-infected persons) [1]. In the short term, to reach the
2020 target of diagnosing 50% of those infected, 107 of the
257 million HBV-infected persons and 15 of the 71 million
HCV infected persons should be urgently diagnosed. Among
those diagnosed, treatment has reached only a small fraction.
In 2015, 8% of those diagnosed with HBV infection were on
treatment, while 7.4% of those diagnosed with HCV infection
had started treatment [1]. While the cumulative number of
persons treated for HCV reached 5.5 million in 2015, only
about half a million of these persons had received the newer,
more effective and better tolerated classes of medicines called
DAAs. There were more new HCV infections than patients
who were started on treatment in 2015 [1]. Testing and treat-
ment for viral hepatitis could build on the experience acquired
with HIV in terms of health service delivery models. WHO
published testing guidelines that clarify who to test and how
to test [33]. As the cost of treatment is rapidly decreasing in
countries with access to generics, the high cost of HCV tests
will become the next bottle-neck for implementation. How-
ever, these service coverage figures have different implications
for HBV and HCV.
For HBV, we lack solid estimates on the proportion of HBV

infected persons that are eligible for treatment as the infor-
mation on fibrosis, HBeAg status, HBV DNA values and liver
function tests is often missing from epidemiological studies
that report population-based prevalence. Published studies
suggest that this proportion might not exceed 10% in commu-
nity-based, rather than hospital-based, settings [34-36]. This
uncertainty and the expected low proportion of persons eligi-
ble for treatment have two practical implications. First, com-
munity based testing programmes for HBV infection might be
limited by a low yield in terms of persons actually eligible for
treatment. Second, we cannot precisely interpret the gaps
towards reaching the 2030 goal that proposes to place 80%
of eligible persons on treatment. In the coming years, the
availability of new treatments that could lead to a functional
cure for HBV could increase the proportion of those eligible
for treatment. A higher proportion of patients eligible for
treatment would increase the yield of testing services and
would change the perspective of the GHSS. In the meantime,
patients with chronic HBV infection that meet the WHO
criteria for treatment [37] can benefit from treatment with
anti-nucleos(t)ides with a high barrier to resistance, such as
Tenofovir or Entecavir. The WHO guidelines [37] also make
provision for the management of patients when access to
HBV DNA testing is not possible. Other anti-viral medicines
that can rapidly lead to resistance, such as Lamivudine, are no
longer recommended. As Tenofovir is available as a generic
preparation in many countries on the international market
from WHO-pre-qualified manufacturers for a price as low as
USD 48 per year of treatment, substantial progress in terms
of treatment could be achieved fast, which would lead to a
short-term impact in terms of morbidity and mortality reduc-
tion. Cost-effectiveness studies should help to secure support
from decision makers [38]. In areas where hepatitis D virus
(HDV) co-infection is common (e.g. Mongolia or the Amazon in
Brazil or Peru) among persons with HBV infection, testing for
HDV DNA is also needed, in view of specific treatment
considerations [39,40].
For HCV, about one in five infected persons knows their

status, and among those identified with infection, a large

Hutin YJ-F et al. Journal of the International AIDS Society 2018, 21(S2):e25050
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25050/full | https://doi.org/10.1002/jia2.25050

6

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25050/full
https://doi.org/10.1002/jia2.25050


majority of patients remains untreated. Hence, the promising
start of the new public health initiative to place persons on
treatment needs a substantial scale-up to place more identi-
fied persons on treatment first. The high price of DAAs has
been an obstacle to scaling up treatment in many countries.
However, over 100 countries can now access generic medici-
nes for about USD 200 per curative treatment or less. At
such prices, treatment is cost saving [41]. Hence, appropriate
and effective treatment can be provided to patients, including
in most low and middle income countries, at a reasonable cost
if procurement of generic medication is optimized. Increasing
access to treatment requires simultaneously scaling up cover-
age of testing services, including to HCV RNA or HCV core
antigen, which are required to make treatment decisions [33].
As of 2017, the situation was evolving fast with new initiatives
in Australia [1] and more persons placed on treatment in
Egypt.
Among the 36.7 million persons who were living with HIV

in 2015, an estimated 2.7 million had chronic HBV infection
and an estimated 2.3 million had been co-infected with HCV.
Liver diseases represent a major cause of morbidity and mor-
tality among persons living with HIV, and appropriate treat-
ment of co-infections with HBV and HCV has a durable
impact on disease progression. If diagnosed, people should be
placed on effective hepatitis treatment in the context of the
HIV response.

2.3 | Monitoring impact

WHO published a monitoring and evaluation framework to
measure progress towards elimination [42]. In addition to pre-
vention indicators for which systems are usually already in
place, countries will require patient databases that can be
aggregated into cascades of care and surveillance for viral hep-
atitis, including (a) acute hepatitis, (b) chronic infections and (c)
mortality from cirrhosis and hepatocellular carcinoma [43].

3 | CONCLUSIONS

WHO’s elimination strategy calls for a 65% reduction in mor-
tality from chronic infection with hepatitis B and C viruses by
2030. A review of the 2015 baseline of the service coverage
target indicators generates a contrasting picture. From a pre-
vention perspective, global efforts are, for the most part, on
track for hepatitis B vaccination, blood safety and injection
safety. However, the coverage of the timely birth dose of the
hepatitis B vaccine will require a major focused effort to
increase coverage, particularly in Africa; and harm reduction
needs to be taken to scale as injection drug use accounts for
a third of HCV related mortality. With respect to testing and
treatment for chronic HBV and HCV infections, there has
been a promising start in a number of countries; however,
access to diagnosis and treatment remains too low. Limited
funding is available at the international level to support
national hepatitis elimination plans. Therefore, countries will
need to finance their response primarily through domestic
resources. Treatment can be cost-effective, or even cost-sav-
ing, from a healthcare perspective [38,41]. The 2015 service
coverage indicators are a clear call for immediate and sus-
tained action so that these life-saving services can be

integrated in the universal health coverage package in order
to achieve elimination by 2030. Finally, treating persons co-
infected with HIV and hepatitis viruses is particularly urgent
and should be done in the context of the HIV response.
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Abstract
Introduction: The first World Health Organization (WHO) global health sector strategy on hepatitis B and C viruses (HBV
and HCV) has called for the elimination of viral hepatitis as a major public health threat by 2030. This study assesses policies
and programmes in support of elimination efforts as reported by patient groups in Europe.
Methods: In 2016 and 2017, hepatitis patient groups in 25 European countries participated in a cross-sectional survey about
their countries’ policy responses to HBV and HCV. The English-language survey addressed overall national response; public
awareness/engagement; disease monitoring; prevention; testing/diagnosis; clinical assessment; and treatment. We performed a
descriptive analysis of data and compared 2016 and 2017 findings.
Results: In 2017, 72% and 52% of the 25 European study countries were reported to not have national HBV and HCV strate-
gies respectively. The number of respondents indicating that their governments collaborated with civil society on viral hepatitis
control increased from 13 in 2016 to 18 in 2017. In both 2016 and 2017, patient groups reported that 9 countries (36%) have
disease registers for HBV and 11 (44%) have disease registers for HCV. The number of countries reported to have needle and
syringe exchange programmes available in all parts of the country dropped from 10 (40%) in 2016 to 8 in 2017 (32%). In both
2016 and 2017, patient groups in 5 countries (20%) reported that HCV treatment is available in non-hospital settings. From
2016 to 2017, the reported number of countries with no restrictions on access to direct-acting antivirals for HCV increased
from 3 (12%) to 7 (28%), and 5 fewer countries were reported to refuse treatment to people who are currently injecting drugs.
Conclusions: The patient-led Hep-CORE study offers a unique perspective on the readiness of study countries to undertake
comprehensive viral hepatitis elimination efforts. Viral hepatitis monitoring should be expanded to address policy issues more
comprehensively and to incorporate civil society perspectives, as is the case with global HIV monitoring. Policy components
should also be explicitly added to the WHO framework for monitoring country-level progress against viral hepatitis.
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1 | INTRODUCTION

Viral hepatitis is a major public health problem, with more
deaths annually attributable to this group of diseases than to
HIV, malaria or tuberculosis [1]. Hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections account for 47% and 48%
of viral hepatitis mortality respectively [2]. Both HBV and
HCV infections can lead to cirrhosis and liver cancer, and
most HBV- and HCV-related deaths occur as a direct result
of one of these two diseases [1]. HBV and HCV together are

estimated to account for almost 80% of deaths from liver can-
cer [3,4], which was the third most common cause of cancer
mortality in 2013 [5].
In the WHO European Region an estimated 18.5 million

people are chronically infected with HBV, and an estimated
15 million people are chronically infected with HCV [6,7]. The
annual number of deaths from viral hepatitis-related causes in
the Region is thought to exceed 170,000 [8]. With HBV vacci-
nation now widespread in younger age groups, HBV tends to
be seen more in older Europeans and in migrants from
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countries with high HBV prevalence [8]. Practices associated
with unsafe injecting drug use are a major contributor to the
HCV epidemic in the European Region. There are high levels
of HCV transmission among HIV-positive men who have sex
with men, and healthcare-related transmission of HCV contin-
ues to occur in some countries [9,10]. The recent introduction
of highly effective direct-acting antiviral (DAA) drugs has made
HCV much easier and safer to cure, but concern has been
raised about whether health systems in Europe and globally
will be able to overcome the numerous barriers to scaling up
DAA treatment [10-12].
In 2014, in response to increasing recognition of the

large disease burden imposed by viral hepatitis, the World
Health Assembly approved a resolution calling on WHO
Member States to enact various viral hepatitis control mea-
sures. The same resolution charged WHO with examining
“the feasibility of and strategies needed for the elimination
of hepatitis B and hepatitis C with a view to potentially set-
ting global targets” [13]. In this policy context, the European
Liver Patients’ Association (ELPA) published 43 key recom-
mendations for European governments [14]. ELPA subse-
quently commissioned the Hep-CORE (“Hepatitis –
Community, Opinion, Recommendations, Experts”) study to
assess the extent to which these recommendations are
being followed on a national level in European countries. As
the Hep-CORE study was being planned, other major policy
developments occurred. In 2015, United Nations Member
States included a commitment to combat viral hepatitis in
the Sustainable Development Goals [15] and in 2016, WHO
launched its first global health sector strategy on viral hep-
atitis [2]. The strategy sets forth the ambitious targets of
achieving a 90% reduction in new cases of chronic HBV
and HCV and a 65% reduction in HBV and HCV deaths, all
by 2030 [2].
To reach the targets and achieve WHO’s overarching goal

of eliminating viral hepatitis as a major public health threat by
2030, governments around the world must first consider
whether they have the necessary policies and programmes in
place. Scant information is available regarding the current pol-
icy landscape. The 2013 Global Policy Report on the Prevention
and Control of Viral Hepatitis in WHO Member States presents
findings from a policy survey completed by representatives of
126 national governments [16]. A follow-up survey of civil
society organizations found that numerous respondents
questioned the accuracy of the information reported by their
governments [17].
Policy monitoring of national responses to major health

issues has been approached in a variety of ways [18,19]. A
key example is the global HIV policy monitoring process coor-
dinated by the Joint United Nations Programme on HIV/AIDS
(UNAIDS) for more than a decade. Governments are asked to
prepare periodic reports on their countries’ progress in com-
bating HIV, with some of the information gathered using a
survey known as the National Commitments and Policy Instru-
ment (NCPI) [20]. Significantly, one part of the NCPI is com-
pleted by governments and the other by in-country civil
society stakeholders.
With no ongoing government or multi-stakeholder policy

monitoring process for viral hepatitis in place at the global or
regional level, ELPA sought to fill a gap by implementing the
Hep-CORE study in the countries where it had member

organizations. These patient groups were responsible for
reporting information to the study team. ELPA’s goal was two-
fold: (1) to help liver patient groups identify key policy short-
comings in study countries; and (2) to engage liver patient
groups in a regional policy monitoring initiative that will help
hold countries accountable to their pledges to work towards
viral hepatitis elimination. The following article reports findings
from the 2016 and 2017 Hep-CORE surveys.

2 | METHODS

A research team based at the University of Barcelona and the
University of Copenhagen implemented the Hep-CORE study
in consultation with a multidisciplinary study group of viral
hepatitis experts and carried out two rounds of data collec-
tion: one from July to October 2016 and another from August
to November 2017.
The original study instrument, a 39-item English-language

online survey (Additional File 1), reflected ELPA’s recommen-
dations to European governments [14]. We developed and
revised the survey in accordance with multiple rounds of input
from study group members. The 2016 survey questions
addressed issues relating to all seven categories of recom-
mendations: overall national response, public awareness and
engagement, monitoring and data collection, prevention, test-
ing and diagnosis, clinical assessment, and treatment. The
study instrument was piloted in June 2016. Four prospective
study participants completed the survey and provided feed-
back, which guided final revisions. The Hep-CORE 2017 study
instrument comprised 11 questions derived from the 2016
survey (Additional File 2). We piloted it in August 2017 with
five study group members. The pilot responses and additional
feedback guided survey modifications.
As in 2016, the main survey questions in 2017 were

closed-ended, as were most sub-questions. For both rounds of
data collection, we asked study participants to complete the
survey using Research Electronic Data Capture (REDCap), a
web-based data collection tool that enables responses to be
saved and edited over the course of multiple sessions [21].
The survey instructions asked respondents to conduct
research as needed to answer survey questions accurately,
and recommended contacting sources such as government
officials and viral hepatitis experts. Respondents were able to
pause work on their surveys and log back into them to change
or add information using unique access codes.
The study cohort was recruited through a purposive sam-

pling process. We emailed an invitation to participate in the
survey to one liver patient group in each of the 24 European
countries where ELPA had members at the time of 2016
study recruitment. In countries with more than one patient
group, we selected the most representative group that was
involved in viral hepatitis advocacy. We also emailed the invita-
tion to a liver patient group in Denmark, since the patient
group was just about to join ELPA, and did so in 2017. The
same 25 patient groups that accepted the invitation and con-
tributed data in 2016 were invited to respond to the 2017
survey. Many of the same individuals completed the survey in
both years, although personnel changes in some patient
groups meant that in some cases different individuals repre-
sented those groups in 2017.
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Following the close of each round of data collection, we
reviewed data and queried study participants via email
about incomplete, inconsistent or unclear information. We
compiled and descriptively analysed final data using Micro-
soft Excel. We reported 2016 findings in The 2016 Hep-
CORE Report, published by ELPA in early 2017 [22]. The
analysis presented in this paper directly compares 2017
findings to findings from parallel 2016 survey questions.
Additional File 3 provides country responses to the 2016
and 2017 surveys in comparative tables.

3 | RESULTS

In both 2016 and 2017, the 25 European liver patient groups
that received study invitations all submitted surveys, for a
100% response rate. Box 1 identifies the countries repre-
sented by these groups.

3.1 | National coordination

In 2017, patient groups in seven countries (28%) reported
that their countries have written national strategies for HBV,
and patient groups in 12 countries (48%) reported the same
for HCV (Table 1). These findings were similar to 2016 find-
ings, although the survey questions were formulated slightly
differently in 2016 and 2017 (Additional Files 1 and 2). The
number of patient groups reporting government collaboration
with in-country civil society groups to carry out viral hepati-
tis prevention and control programmes increased from 13
(52%) in 2016 to 18 (72%) in 2017. In both 2016 and
2017, patient groups reported that nine countries (36%)
have disease registers for HBV and 11 (44%) have disease
registers for HCV.

3.2 | Prevention

While patient groups in most study countries reported opioid
substitution therapy (OST) to be available in all parts of the
country in both 2016 and 2017, far fewer reported needle
and syringe programmes (NSPs) to be available in all parts of
the country – 10 (40%) in 2016 and 8 (32%) in 2017
(Table 1). Drug consumption rooms were reported to be avail-
able in either all or some parts of the country in four coun-
tries (16%) in 2016 and six countries (24%) in 2017.

3.3 | Testing

HBV/HCV risk assessment was reported to be included in
routine medical check-ups in six countries (24%) in 2017, and
liver enzyme testing in 14 countries (56%) (Table 1).
Patient groups were asked to indicate whether free and

anonymous HBV and HCV testing services targeting the gen-
eral population and high-risk populations are available in their
countries (Figure 1). From 2016 to 2017, large increases
occurred in the number of countries reported to have anony-
mous HBV and HCV testing for the general population, with
anonymous HBV testing up from six to twelve countries and
anonymous HCV testing up from six to eleven countries.
There also were large increases for free HBV and HCV test-
ing for the general population, and for anonymous HCV test-
ing for high-risk populations.
Eighteen countries (72%) reported HBV testing availability

outside of hospitals in 2017, with the same number of coun-
tries reporting HCV testing/screening availability outside of
hospitals in that year though with slight variation for HBV and
HCV (data not shown). Types of testing sites included general
practitioner clinics (HBV, 11 countries; HCV, 10 countries),
OST clinics (HBV, 9 countries; HCV, 10 countries) and NSPs
(HBV, 5 countries; HCV 7 countries). In 2016, study partici-
pants were asked about non-hospital-based HBV and HCV
testing and screening in a different way, with separate survey
questions addressing the general population and high-risk pop-
ulations. Eleven countries (44%) in 2016 were reported to
have HBV testing sites outside of hospitals for the general
population, and 16 (64%), for high-risk populations. Regarding
HCV testing, the reported numbers of countries with non-hos-
pital-based sites in 2016 were 13 for the general population
(52%) and 16 for high-risk populations (64%).

3.4 | Treatment

In 2017, patient groups in 19 countries (76%) reported that
HBV treatment is provided in prisons, up from 18 countries
(72%) in 2016 (Table 1). In both 2016 and 2017, patient
groups in five countries (20%) reported that HCV treatment
is available in non-hospital settings. These included general
practitioner clinics (three countries in both 2016 and 2017),
liver specialist clinics (one country in 2016 and two countries
in 2017), and addiction/OST clinics (three countries in 2016
and two countries in 2017) (data not shown).

Box 1.

Hep-CORE European study countries

Austria Greece Slovakia

Belgium Hungary Slovenia

Bosnia and Herzegovina Italy Spain

Bulgaria Macedonia Sweden

Croatia Netherlands Turkey

Denmark Poland Ukraine

Finland Portugal United Kingdom

France Romania

Germany Serbia
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In both 2016 and 2017, survey respondents were asked to
choose one or more answers to the question, “In practice,
what restrictions are there on access to direct-acting antivirals
for the treatment of HCV infection in your country?” (Fig-
ure 2). From 2016 to 2017 the reported number of countries

with no restrictions increased from 3 (12%) to 7 (28%). Coun-
tries with a reported fibrosis level restriction dropped from
18 (72%) to 13 (52%), and countries reported to refuse treat-
ment to people who are currently injecting drugs dropped
from 13 (52%) to 8 (32%).

Table 1. National coordination, monitoring, prevention, screening and treatment policies reported for hepatitis B and hepatitis C in

study countries (N=25)

2016 2017

Yes No

Do not

know Yes No

Do not

know

National coordination

Written national HBV strategy 8 (32%) 17 (68%) 0 7 (28%) 18 (72%) 0

Written national HCV strategy 11 (44%) 14 (56%) 0 12 (48%) 13 (52%) 0

Government collaborates with

in-country civil society groups

to plan and carry out its viral

hepatitis programmea

13 (52%) 9 (36%) 3 (12%) 18b (75%) 5b (21%) 1b (4%)

Government or government-

related institution has national

HBV disease register

9 (36%) 16 (64%) 0 9 (36%) 15 (60%) 1 (4%)

Government or government-

related institution has national

HCV disease register

11 (44%) 14 (56%) 0 11 (44%) 14 (56%) 0

Prevention

Harm reduction services

available: Needle and syringe

programmes (all parts of

country, some parts of country)

All: 10 (40%) Some:

10 (40%)

4 (16%) 1 (4%) All: 8 (32%) Some: 12 (48%) 3 (12%) 2 (8%)

Harm reduction services

available: Opioid substitution

therapy (all parts of country,

some parts of country)

All: 22 (88%) Some: 1 (4%) 0 2 (8%) All: 20 (80%) Some: 4 (16%) 0 1 (4%)

Harm reduction services

available: Drug consumption

rooms (all parts of country,

some parts of country)

All: 2 (8%) Some: 2 (8%) 17 (68%) 4 (16%) All: 1 (4%) Some: 5 (20%) 16 (64%) 3 (12%)

Screening

Risk assessment for HBV/HCV

included in routine medical

check-ups

5 (20%) 20 (80%) 0 6 (24%) 18 (72%) 1 (4%)

Liver enzyme testing included in

routine medical check-ups

17 (68%) 8 (32%) 0 14 (56%) 10 (40%) 1 (4%)

Treatment

HBV treatment provided in

prisons

18c (75%) 5c (21%) 1c (4%) 19 (76%) 5 (20%) 1 (4%)

HCV patients have option to be

treated in non-hospital settingsd
5 (20%) 20 (80%) 0 5 (20%) 20 (80%) 0

HBV, hepatitis B virus; HCV, hepatitis C virus.
aSurvey respondents were advised that the following are not considered in-country civil society groups: United Nations agencies, international
non-governmental organizations, government ministries, university programmes and military programmes.
b2017 responses to this question total 24 instead of 25 because there was one non-response.
c2016 responses to this question total 24 instead of 25 because there was one non-response.
dSettings that are not within either inpatient or outpatient hospital facilities.
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4 | DISCUSSION

The Hep-CORE study was conducted in 2016 and 2017
against the backdrop of rapid changes in the field of viral hep-
atitis. It found that, from the perspective of liver patient
groups, many European countries have shortcomings across
the spectrum of elements that constitute a comprehensive
policy response to viral hepatitis, including national coordina-
tion, public awareness, disease surveillance, prevention, testing
and treatment. At the time of 2017 data collection, only 28%
and 48% of the 25 European study countries were reported
to have national HBV and HCV strategies respectively.
National disease registers were reported to be lacking in
many countries as well. Some key prevention, testing and
treatment recommendations did not appear to be widely
reflected in national viral hepatitis control efforts, suggesting
that governments may be missing important opportunities to
limit disease transmission, disease progression and mortality.
Despite the availability of many simple operational interven-

tions to improve the continuum of care for people with

chronic HBV and HCV, relatively few of these people are
offered treatment [23,24]. At the same time, there are prob-
lematic gaps in disease prevention efforts [23]. The Hep-CORE
study provides a patient group perspective on policy barriers
that may be undermining progress against HBV and HCV in
the European Region, while at the same time offering a model
for how patient groups might contribute to policy monitoring
in other regions. Findings indicate that few study countries
are sufficiently attuned to the importance of addressing the
HBV and HCV prevention and treatment needs of the key
populations most affected by these diseases in Europe, such
as people who inject drugs (PWID). NSPs can contribute sub-
stantially to reducing transmission of blood-borne viruses
among PWID [25,26], yet less than one-third of study coun-
tries were reported to have NSPs available in all parts of their
countries in 2017. The presence of injecting drug use-related
restrictions on access to DAAs for the treatment of HCV in
several study countries is also a matter of concern, and other
research has similarly documented such restrictions [27].
European and global experts concur that injecting drug use

Figure 1. Reported availability of free and anonymous viral hepatitis testing services in study countries (N=25)

Figure 2. Reported restrictions on access to direct-acting antivirals for the treatment of hepatitis C in study countries (N=25)
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does not constitute a valid reason for withholding treatment
[28-30] – indeed, global HCV elimination strategies depend on
the reductions in transmission that are expected to occur
when large numbers of chronically HCV-infected people who
currently inject drugs are cured with DAAs [31].
Hep-CORE 2016 and 2017 study findings differ regarding

the number of countries reported to have components of the
recommended HBV and HCV policy infrastructure in place. We
hypothesise that some small changes from 2016 to 2017 may
be attributable to how respondents interpreted questions dif-
ferently from one year to the next, or in some cases to
changes in how questions were formulated in the study instru-
ment. It is also possible that respondents became more knowl-
edgeable and thus provided more accurate information about
some issues in the second round of reporting. We are there-
fore disinclined to interpret small changes from 2016 to 2017
as trends. The magnitude of some changes, however, is notable.
The number of respondents indicating that their governments
collaborated with civil society on viral hepatitis control
increased considerably from 2016 to 2017, as did the number
of respondents reporting the availability of free and anony-
mous HBV and HCV testing for the general population. Also,
the number of study countries reported to have no restrictions
on access to DAAs for HCV treatment increased from three to
seven, with fewer countries reported to restrict access accord-
ing to fibrosis or drug injecting status. These changes might
partially reflect efforts to encourage European governments to
align their responses to viral hepatitis with global and regional
guidance. Patient groups’ research inquiries for the 2016 sur-
vey and ELPA’s extensive dissemination of study findings may
have influenced governments as well.
Researchers have proposed that the global HIV policy moni-

toring process led by UNAIDS can serve as a useful model for
other monitoring initiatives, such as those that will be needed
to track countries’ efforts to achieve the Sustainable Develop-
ment Goals [32]. The UNAIDS reporting framework repeats
some of the same questions in surveys that are completed
separately by government and civil society representatives.
This makes it possible to examine points of disagreement.
Interestingly, an assessment of differences between govern-
ment reporting and civil society reporting in the aforemen-
tioned NCPI found that civil society stakeholders generally
characterize national HIV responses less favourably than gov-
ernments do [33]. The discrepancies are allowed to stand as
part of the evidence presented in the final country reports
[20]. This point may be instructive for the viral hepatitis field,
where civil society stakeholders have challenged some govern-
ments’ accounts of their countries’ policy and programmatic
responses to viral hepatitis [16,17]. Researchers have docu-
mented increased collaboration between governments and
civil society stakeholders on NCPI reporting over time, and
have concluded that this approach has strengthened the over-
all response to HIV [32,33].
In the field of viral hepatitis, WHO has proposed a monitoring

framework for countries to track progress towards the targets
in the WHO global strategy [34]. The 10 core indicators recom-
mended by WHO ask about disease incidence, prevalence and
mortality, as well as a number of key interventions. The empha-
sis is thus on outputs rather than on indicators of a strong policy
environment. It is not known how many countries have adopted
the WHO monitoring framework since it was published in April

2016, or when WHO will establish mechanisms for countries to
publicly report their monitoring findings. We must consider how
such monitoring should be expanded to address policy issues
more comprehensively, and how future monitoring processes
should be structured, with consideration given to the role of
civil society stakeholders such as the patient groups that partici-
pated in the Hep-CORE study. Furthermore, we are not aware
of similar data being collected in other regions of the world;
conducting such an exercise in other regions would provide the
basis for comparative analyses.
Arguably, the central limitation of this study is that patient

groups were the only participants. Patient groups, especially
those that lack established communication channels with gov-
ernment officials or viral hepatitis experts, may not always be
the most well-placed to report accurately on national policies.
However, patients have a distinctly different perspective from
other stakeholders, arising from unique motivations. This may
enable them to report on policy shortcomings that other
observers have failed to identify. In designing a study that
gathered policy information only from ELPA patient groups,
the research team was both seeking to make optimal use of
limited resources and also to emphasize the importance of
patient engagement in the viral hepatitis policy discourse. It is
hoped that government representatives in all Hep-CORE
study countries will review the information reported for their
countries (Additional File 3) and will share their perspectives
on this information with the reporting patient groups. Ulti-
mately, governments and other viral hepatitis stakeholders in
Europe and elsewhere should have the goal of establishing an
ongoing viral hepatitis policy monitoring process that incorpo-
rates the expertise of all stakeholders.
Additional study limitations should be noted. The question-

naire was exclusively in English, which may have led to the mis-
interpretation of questions, despite the study team inviting
respondents to ask for clarification on any survey questions
that they did not understand. Only one patient group, or in the
case of the United Kingdom a coalition of two groups, served
as a respondent from each country; thus, the information pro-
vided might not reflect the perspectives of other patient groups
in the study countries. Because the study focused on patient
group reporting, survey answers were not checked against
other sources of information, and it is not possible to know
whether the information reported is accurate. Some respon-
dents may have been hampered in their reporting efforts by
inadequate government communication about existing policies.

5 | CONCLUSIONS

Although planning for the Hep-CORE study commenced
before the official launch of the WHO global health sector
strategy on viral hepatitis, it anticipated many of the strategy’s
key points. As such, Hep-CORE offers unique insights into the
readiness of study countries to pursue hepatitis elimination
targets. The finding that warrants the most urgent attention is
the reported absence of written national HBV and HCV
strategies in many European countries. Other key policy barri-
ers impeding viral hepatitis elimination efforts include wide-
spread restrictions to treatment, limited availability of free
and anonymous testing, and insufficient access to testing, pre-
vention and treatment in non-hospital settings. As Hep-CORE
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is driven by patient engagement, it has the potential to foster
greater interaction and cooperation between governments
and patient groups. Future policy monitoring in the Hep-
CORE countries and elsewhere should incorporate the per-
spectives of additional stakeholder groups including govern-
ments and medical professionals in order to ensure the most
reliable reporting, while also reflecting points of disagreement
among reporting parties. Frequent rounds of policy monitoring
are needed in the light of how rapidly the public health
response to viral hepatitis is evolving in Europe and else-
where.
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Abstract
Introduction: In the light of the advances in HCV antiviral therapy, global control of HCV infection becomes feasible but
depends on the capacity of countries to identify infected people and to offer them treatment. To achieve the WHO goal which
targets a diagnosis rate of 90% by 2030, simplification of screening and diagnosis will be crucial.
Methods: Published literature, unpublished data and expert consensus were used to determine key parameters, including
point-of-care, rapid diagnostic testing, screening, the use of HCV core Ag and dried blood spots; starting from 2008 until
November 2017. In addition, a manual search was undertaken to detect relevant papers or websites related to specific data
from countries which underwent or are planning a programme of HCV elimination.
Results: Several strategies have been developed and evaluated these last years to simplify and facilitate access to screening
and diagnosis, the development of reliable HCV core antigen tests and new nucleic acid amplification technologies for use in
decentralized settings. In high prevalence settings, a one-step screening and diagnosis strategy could simplify diagnostic algo-
rithms provided the cost is reduced. Finally, genotyping may no longer be required in the context of availability of pangeno-
typic antiviral therapy.
Conclusions: Despite relevant advances in HCV screening and diagnosis, the overall diagnosis package is still too expensive
today and efforts must be made to allow generalized implementation of reliable tests in low and middle income countries.
These efforts will be key factors to foster a real public health approach to HCV elimination.
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1 | INTRODUCTION

Globally, more than 350 000 HCV-infected individuals die
each year from HCV, predominantly as result of decompen-
sation of liver cirrhosis or hepatocellular carcinoma [1].
Because chronic hepatitis C is often asymptomatic until
advanced liver disease develops in many countries, a major-
ity of infected persons are unaware of their infection [2].
Today, in contrast to HIV, a generalized systematic approach
to HCV testing has not been developed and adopted world-
wide. Only national initiatives have been introduced. For
instance, the Centers for Disease Control and Prevention
(CDC) in the United States initially recommended serology
testing in individuals with an identifiable risk factor for HCV
infection [3] and has recently extended the indication of
anti-HCV antibody screening to all individuals born between
1945 and 1965, the so-called “baby-boomers”[4]. The Euro-
pean Centre for Disease Prevention and Control (ECDC)
plans to issue guidance for reducing the transmission of
HCV among vulnerable groups, and especially people who
inject drugs (PWID), migrants and prisoners [5]. National
screening policies are being implemented across Europe. In

France, healthcare professionals were recommended to offer
hepatitis C screening to specified at-risk patient groups,
including haemodialysis patients, patients with a history of
blood transfusion before 1991, individuals who either
injected or sniffed drugs, persons with a history of incarcer-
ation, healthcare professionals after occupational exposure to
potentially infected blood, persons having unprotected sex
with multiple partners, and persons living with an HCV-posi-
tive individual [6]. These measures led to the identification
of over 70% of infected patients in the country. More
recently, a report from the French Minister of Health rec-
ommended systematic screening of men aged 18 to
60 years and pregnant women at the first prenatal visit, in
order to diagnose the remaining 30%, provide therapy and
control HCV infection over the next 10 years [7]. Finally, in
its recent guidelines for low- to middle-income countries, the
World Health Organization (WHO) recommended that HCV
and HBV serology testing would be offered to individuals
who are part of a population with high prevalence or have a
history of risk exposure or behaviour.
Overall, the diagnostic rates in the general population are

still low, even in countries that adopted routine, population-
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based HCV screening as in France [8-12] A recent study
assessing the prevalence of HCV in the EU estimated the
number of viremic HCV infections in 2015 to be 3
238 000 while only an estimated 1 180 000 (95% UI: 1
003 000 to 1 357 000) individuals having already been
diagnosed (36.4%) [13]. The diagnostic rates can be as low
as 31% in Czech Republic, 33% in Portugal and 16% in
Turkey [14] and much lower in low-to-middle income coun-
tries (LMICs) [15]. In the US, the diagnosis rate is esti-
mated around 50% [16].
Barriers to large-scale screening and diagnosis in the past

can be explained, at least in part, by the complexity of algo-
rithms, the costs of the required tests, the absence of reli-
able alternative tests to classical serological and molecular
assays (such as point of care tests), the complexity of on-
treatment monitoring with ribavirin and interferon, the cost
of treatment, and the limited efficacy of previous treatment
regimens. Nowadays, the advent of highly effective direct
antiviral agents (DAAs) and the availability of generic ver-
sions of these agents have changed the paradigm for the
management of HCV infection. With the excellent safety and
tolerability and high cure rates of DAAs (>95%), the major
remaining barrier to treatment is the under-diagnosis of
HCV and limited access to treatment in the diagnosed popu-
lation. DAA prices are starting to fall due to innovative
approaches, to negotiations with industry, as well as contin-
ued development of new agents bringing competition to the
marketplace.
Current screening of HCV infection is based on anti-HCV

antibody detection using a third-generation enzyme
immunoassay (EIA). Third-generation EIA use a multiantigen
format including antigens from the core, NS3, NS4 and NS5
regions; these tests show excellent sensitivity and specificity
(>99%) and are considered reference standards to detect
anti-HCV antibodies [17,18]. Antibody detection serves only
as a screening tool because, it is unable to identify individu-
als who have an active infection from those who have a
resolved infection and are no longer viremic. The anti-HCV
antibody detection should then be followed by HCV RNA
determination using nucleic acid amplification technologies
(NAAT) and completed by HCV genotyping that is required
for treatment decision-making [19-21]. However, such a
complex set of diagnostic test is not reachable to people
who have limited access to the health system (high-income
countries – PWID, people in prisons and other closed set-
tings, sex workers and migrants) or in countries where the
health system has poor infrastructure for testing (LMICs). In
recent years, new tools have been developed to simplify
screening, diagnosis and on-treatment monitoring of HCV.
These tests include point-of-care (POC) tests [immunological
POCT tests with the rapid diagnostic test (RDT) and the
non- immunological POC tests based on nucleic acid detec-
tion and quantification] and serological assays that detect
and quantify HCV core antigen (HCV cAg) as an alternative
to HCV RNA detection and quantification [22-24]. In addi-
tion, the use of dried blood spot (DBS) that allow collecting
blood on filter paper is a promising intervention to promote
uptake of hepatitis C testing and linkage to care.
The primary goals of simplifying HCV screening and man-

agement are to better identify infected individuals, increase
rates of retention and linkage to care and treatment, reduce

the costs of diagnosis for patients and the healthcare system
with the ultimate goal of reducing viral transmission at a
population level, and progression of liver disease and hepati-
tis-related mortality at an individual level. Dynamic HCV
transmission models demonstrate that screening and treat-
ment of HCV-infected individuals in high prevalence settings
can reduce the incidence of HCV by reducing HCV trans-
mission (termed ‘‘cure as prevention”) [25-27]. The first glo-
bal health sector strategy on viral hepatitis that was
adopted by WHO in May 2016 calls for a 90% diagnosis
rate for the year 2030 globally [28] a goal that is unlikely
to be achieved unless the screening and diagnostic algo-
rithms for HCV can be markedly simplified in the near
future [29].
The aim of this review is to provide a comprehensive over-

view of new simplified approaches for screening, diagnosis
and monitoring HCV infection within different country-specific
settings and to describe key promising tools in future
diagnostics.

2 | METHODS

Published literature, unpublished data and expert consensus
were used to determine key parameters consisting of the fol-
lowing terms: sample type (oral fluid, fingerstick, venous
blood), point-of-care, rapid diagnostic testing, screening, the
use of HCV cAg and dried blood spots. In addition, a manual
search was undertaken to detect relevant papers or websites
related to specific data from countries, which planned or are
planning a programme for HCV elimination. The literature
search was limited to English language, available from 2008
until November 2017.
The study population was analysed in each study (general

population or high risk population). The high risk population
groups include men who have sex with men, sex workers,
PWID and prisoners. Studies that only reported sensitivity or
specificity, or those that only used reference assays for posi-
tive samples were excluded from the review.

3 | PART 1 – SIMPLIFIED APPROACHES
FOR SCREENING HCV

With the emergence of highly efficacious antiviral treatment,
the possibility of curing the vast majority of patients is now a
realistic goal [29]. To achieve all required steps in the care
cascade, there is a need to increase community awareness of
HCV and to simplify strategies for HCV screening. Until
recently, most screening for HCV has been done within medi-
cal settings and relied on rather centralized laboratory struc-
tures, which can facilitate the patients’ referral to care; but
such screening is obviously not sufficient as evidenced by the
low screening rates in most countries [15], even those with
highly effective healthcare systems. A recent modelling study
of HCV disease burden in the Europe [13] estimated that
screening needs to expand from diagnosis of 88 800 new
cases annually in 2015 in Europe to 180,000 by 2025 to
achieve the WHO target.
Much of the challenge lies in the fact that many popula-

tions with a high prevalence of HCV, such as people who
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inject drugs (PWID), sex workers, migrants, those with men-
tal health issues and incarcerated individuals often have
reduced access to care in traditional medical settings for
many reasons. As such, even if screening occurs, linkage to
and retention in care is often limited, greatly reducing the
overall impact of screening efforts. In LMICs, the situation is
compounded by lack of access to high quality medical facili-
ties, particularly for non-acute medical issues. As such,
decentralized rapid test-based screening will be crucial to
improve screening and linkage in both high and low/middle
income countries.

3.1 | Screening access in difficult-to-reach
population

Facilitating access to screening can be achieved by improving
serological tests in terms of rapidity and simplicity of perfor-
mance such as using easy-to-access samples like fingerstick
capillary whole blood or oral fluid. Simpler tests are more
appealing to those being tested and potentially allow testing
to be done by less skilled individuals, greatly increasing test-
ing capacity both in numbers and the locations in which it
can be performed. Rapid diagnostic tests (RDTs) have been
already been developed for HCV antibody screening, with
significant advantages over classical enzyme immunoassays
(EIA).
Technically, classical enzyme immunoassays (EIA) require

laboratory infrastructure and expertise in their operation.
In contrast, RDTs do not require investment in laboratory
equipment with minimal maintenance costs and reagents.
Therefore, RDTs are suited for decentralized settings to
reach individuals at highest risk for HCV who may remain
outside the traditional medical system. To be acceptable
for screening, RDTs need to meet the high standard of
traditional testing tools in terms of analytical performance
for accuracy, reproducibility, sensitivity and specificity and
in terms of clinical performances. Clinical performances of
individual tests are heterogeneous and vary widely [30,31].
Comparisons have shown significant variability depending
on the manufacturer, the sample type (i.e. fingerstick whole
blood, oral fluid etc.) and pre-analytical conditions (preser-
vation conditions [32]). For example, the clinical sensitivity
for the OraQuick® HCV rapid antibody test (OraSure
Technologies, PA) was excellent in finger stick whole blood
(99.4%) as well as in oral fluid (97.6%) while the Labmen
HCV test (Turklab, Izmir, Turkey) showed poor sensitivity
in fingerstick whole blood (63.1%) [33]. In addition, all
tests showed better positive and negative predictive values
in studies that were conducted in developed countries
than in developing countries [34] partly explained by varia-
tion in disease prevalence of the targeted population.
Therefore, caution must be paid regarding poor-quality test
kits and reagents and independent studies must be con-
ducted for “real-life conditions” to ensure that the individ-
ual RDT approaches work in the specific setting where
they will be used. As with standard EIA tests, WHO has
taken leadership to evaluate new RDTs and to date have
pre-qualified two RDTs that have shown excellent clinical
sensitivity and specificity compared to standard EIA assays
(i.e. OraQuick HCV Rapid Antibody Test Kit and SD
Bioline HCV).

3.2 | Screening access in low-and middle income
settings

In LMICs, the use of classical serological enzyme immunoas-
says (EIA) for screening may be limited for many reasons
including poor laboratory infrastructure, insufficient staff and/
or insufficiently trained staff, and poor-quality management
systems for relaying results, all of which hamper the access to
accurate and timely screening. In these contexts, point-of-care
RDTs appear promising [33]. Initiatives should be taken to
decentralize testing and to improve the retention of patients
both before and after testing.
Some countries (e.g. Georgia, Egypt) have already engaged

partners to develop an efficacious prevention and control plan,
which has led to an improved access to diagnostics and treat-
ment for HCV-infected individuals with severe disease. In
Georgia, an estimated 5.4% of the adult population (approxi-
mately 150,000 persons) has chronic HCV infection, and most
of them were unaware of their infection in 2015 (Georgia
Ministry of Labour, Health, and Social Affairs, 2016) [35].
Georgia initiated on the world’s first programme to eliminate
HCV, defined as a 90% reduction in HCV prevalence by 2020
[36,37]. Control plans include ongoing HCV screening pro-
grams since 2015 provided at various settings at no cost (e.g.
blood donors, pregnant women, hospitalized patient, PWID. . .).
Persons who screen positive for HCV antibody are referred
to the treatment programme for confirmation of chronic HCV;
however, unlike initial screening, HCV RNA measurement is
not free of charge. Offering free HCV confirmatory testing,
support campaigns to expand public awareness will be crucial
to achieve the goal of HCV elimination in the country. Infor-
mation systems capable of linking screening and treatment
data are being developed to improve efficiencies.
In Egypt, where the prevalence of hepatitis C virus (HCV)

infection is the highest in the world [38], the immediate plans
are to focus on treating HCV patients with liver cirrhosis
identified in the past few years, followed by screening and
treatment programs for high at-risk population. The last stage
will include national screening and treatment of patients from
the general population.
As each region/country needs to plan its own approach by

implementing adequate HCV testing, the experience from
those countries who have taken the first step towards elimi-
nating HCV can help pave the way for other countries experi-
encing high rates of HCV infection to undertake similar
initiatives, and help curb the global epidemic of viral hepatitis.

3.3 | Use of dried blood spot

Dried blood spot sampling is an interesting alternative collec-
tion method to collect whole blood specimens (either by capil-
lary fingerstick or by venipuncture). The sample is easily
transferred onto filter paper and can then be easily trans-
ported to a centralized laboratory where testing can take
place. The two main advantages of this sample type which can
facilitate the expanded access to screening and diagnosis is (i)
the option to use fingerstick whole blood and (ii) the stability
of the specimen allowing for simple transport (even by regular
mail) without the need for an intact cold chain. Once in the
central laboratory, DBS samples can be stored long-term at
�20° or �80°C. Once ready for testing, the sample is eluted
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off the filter paper using an appropriate buffer and the eluate
can then be used in the same testing systems used for serum
or plasma. One other major advantage of DBS is that multiple
spots can be taken at once allowing for reflex HCV RNA test-
ing on a second (or third) spot if the initial spot is positive for
HCV antibodies thus avoiding the need to bring individuals
back for confirmatory HCV RNA testing, which has consis-
tently been shown to be a major drop-off in the cascade of
care of most settings. DBS is particularly attractive for diffi-
cult-to-reach populations. Because phlebotomy is not required,
testing can be done by peer workers with limited training and
venous access, often a challenge for PWID, is less of a con-
cern. Recent studies have confirmed the improved acceptabil-
ity of DBS over standard testing approaches [39]. The actual
testing from DBS samples uses traditional EIA approaches and
as such a centralized experienced laboratory is required to
process the specimen, however the ease of transport limits
the need for multiple central laboratories.
The performance for detection of anti-HCV antibodies in

DBS specimens compared to plasma or serum specimens has
shown excellent results with sensitivity and specificity gener-
ally over 95% [40]. HCV RNA detection is somewhat less reli-
able, particularly at low viral titres because of the lower
volume of sample acquired after elution off the DBS. A recent
study [40] estimated that HCV RNA levels in whole-blood
specimens from DBS were lower by >1.5 log IU/ml on aver-
age than those in serum specimens; however, HCV RNA can
be detected in almost all DBS. Depending on the NAAT used,
the limit of detection of HCV RNA from DBS has been esti-
mated between 58 IU/ml to more than 250 IU/ml [41,42].
While the absolute amount of HCV RNA should not be con-
sidered when quantification is performed on DBS, the qualita-
tive HCV RNA results from DBS is reliable as long as HCV
RNA levels are high as it is the case in >95% of patients at
diagnosis and at relapse.
The main disadvantage of DBS is that the existing commer-

cial assays have not been validated so far or received regula-
tory approval with this method of sample collection and
transport. Some studies published detailed protocols on how
to collect and analyze DBS [43]. However, manufacturers
have not yet provided specific instructions on how to use
their assays with DBS (including processing methods, pre ana-
lytical treatment and cutoffs of interpretation) even if no
claim for regulatory approval is made until today, which make
quality control challenging. There is an urgent need for devel-
opment of standardized protocols by manufacturers, as well
as the elaboration of large studies on use of DBS conducted
in different settings and with varying storage conditions (in-
cluding areas with extreme wet conditions for RNA assess-
ments).

3.4 | Rapid multianalyte testing for other
pathogens (HIV, HBV and syphilis)

Multianalyte testing refers to testing in the same specimen
the detection of HCV along with other pathogens, for exam-
ple, HIV, syphilis and/or HBV. Such an approach has several
obvious advantages including the requirement for a lower
specimen volume, fewer fingersticks if capillary whole blood is
used, less time required than a series of tests and potentially
other cost efficiencies. This approach is promising, but data on

clinical sensitivity and specificity of the assays are still
required as well as the evaluation of their impact on patient
management [44,45]. The multianalyte approach has been tou-
ted primarily for screening of acute illnesses to help in out-
break settings but may have advantages for the screening of
chronic diseases as well.

4 | PART 2 – SIMPLIFIED APPROACHES
FOR DIAGNOSIS

The complexity of current algorithms for HCV diagnosis limits
the ability to advance large-scale screening programmes. Even
if screening can be done, limited capacity to specialty care is
often an additional barrier to care. Simplifying strategies of
diagnosis/management of HCV infection will enable the poten-
tial transfer of treatment care outside of classical specialty
care (i.e. infectious diseases and hepatology clinics) for most
patients, likely all but those with advanced liver disease. In
addition, in LMICs, lack of simple and affordable HCV diagnos-
tic solutions represents a restraint to ensure broad access to
care, as current diagnostic tools are insufficiently developed.
Innovations in technologies for point-of-care testing (using nan-
otechnologies, microfluidics, biosensors and/or synthetic biol-
ogy) have led to the creation of chip-sized laboratory systems
that could be helpful in the future [46]. While there has been
huge focus on the cost of antiviral drugs, very little focus has
been put on the cost of diagnostics. It is important to note that
in many countries (e.g. Kenya), diagnostic tools (including moni-
toring and testing for cure) might be even more expensive
than IFN-free antiviral therapy. In Kenya, the estimated cost of
a 3-month treatment regimen with the generic drug of sofos-
buvir will be around US$ 260 or less [47] while no efforts are
made on reducing NAAT costs.

4.1 | Tools for simplified diagnosis strategies

Probably the three main tools that should bring simplification
to diagnosis of HCV are (i) the availability of reliable HCV cAg
tests, (ii) the availability of new POC tests based on nucleic
acid detection and quantification for use in decentralized set-
tings; both of these assays could be used as one-step proce-
dure in diagnosing chronic HCV infection (in high prevalent
population if the tests become less expensive) and (iii) the
potential to skip the determination of the viral genotype
in the context of availability of pangenotypic all oral DAA
therapy.

4.1.1 | HCV Core Antigen test for Point of care
testing

The HCV core antigen test (HCV cAg) targets the HCV nucle-
ocapsid peptides 22 (p22), released from infected cells into
plasma. HCV cAg is detected early and during the natural
course of HCV infection as a surrogate marker of viral replica-
tion (Table 1) [23,48]. Nowadays, several assays are commer-
cially available for specific detection of HCV cAg [49]. The
evaluation of these assays compared to HCV RNA was
recently presented in a meta-analysis [49] with Abbott HCV
cAg assay and the ORTHO ELISA-Ag test showing the highest
sensitivity (up to 93.4% and 93.2% respectively), with very
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high specificity (>98%). In the French ANRS 12336 study [50],
the Abbott HCV cAg quantification displayed high perfor-
mances also in HIV and HBV co-infected patients from
Cameroon. Quantitative data are also available with the
Abbott HCV cAg assay [23] showing a close correlation
between HCV cAg and HCV RNA at viral loads (VL) above
3000 IU/ml. The lower cutoff for the assay corresponds to
about 500 to 3000 IU/ml according to the HCV genotype,
which will cover over the vast majority (>95%) of chronic
HCV infections [51]. The main benefit of using HCV cAg over
molecular methods is the cost of testing. In the United King-
dom [52], NAAT cost was evaluated at 108 USD versus 23.4
USD for HCV cAg including kit, staff, and laboratory extras. In
an Egyptian study [53], HCV NAAT test cost per individual (in-
cluding equipment and personnel expenses) was estimated at
141 USD versus 19.8 USD for HCV cAg. A new point of care
HCV cAg Assay (Daktari Diagnostics) is undergoing clinical eval-
uations; the launch is expected in 2018. Daktari Diagnostics
announces the test is likely to cost 10 to 20 USD [54].
Other advantages of HCV cAg over NAAT are the following:

serological marker stable at room temperature for 96 hours,
short time to obtain (less than 60 minutes) [22]. However, the
use of HCV cAg in LMICs still faces the problem of the avail-
ability of quite sophisticated laboratory equipment; therefore,
point-of-care HCV cAg, difficult to implement, are still under
development.

In summary, HCV cAg represents a reliable HCV diagnosis
tool and, being less costly than viral load tests, should facili-
tate HCV screening and access to care. However, this solution
depends on the presence of centralized laboratory machines.
In addition, caution must be paid to some limitations of the
assay: most studies were conducted in high resource areas
within reference laboratories where data for genotypes 4, 5
and 6 are missing [49]. In addition, false negative results can
be detected in genotype 3 infected patients, explained by viral
polymorphisms failing to detect HCV cAg [55].

4.1.2 | New NAATs for Point of care diagnosis

Quantitative NAAT is widely used for measuring viral load,
identifying those in need of treatment, and to assess treat-
ment response. In the era of short-course, highly effective
therapy, there is less need for quantification of HCV RNA for
HCV management. Therefore, qualitative assays, in theory less
expensive, can replace quantitative NAAT, particularly in
LMICs. In addition, new random access NAAT technologies
offer potential for POC diagnosis [56,57]. A random access
system eliminates the need for batch processing and auto-
mates all aspects of nucleic acid testing in a single step. The
system integrates sample introduction, nucleic acid extraction,
reaction setup, and real-time PCR amplification for the quanti-
tative determination of HCV RNA in human plasma/serum

Table 1. Summary of the main characteristics of virological tools used for simplified diagnosis strategies.

HCV RNA using NAAT HCV RNA using DBS HCV RNA POCT HCV c Ag

Analytical

performances

Excellent sensitivity

<25 IU/ml

Should only be used as a

qualitative result

Expected to be excellent.

Need to be determined in

real life settings

Equivalent to 500 to

3000 IU/ml, according to

the HCV genotype

Target population Centralized settings”

High income countries

Lack of access to sites or

nearby laboratory

facilities for NAAT

Persons with poor

venous access (e.g. in

drug treatment

programs, prisons).

Lack of access to sites or

nearby laboratory facilities

for NAAT

if using fingerstick: Persons

with poor venous access

(e.g. in drug treatment

programs, prisons).

Centralized settings

Low and middle income

countries

Specimen type Serum/plasma requires

venipuncture to obtain

specimen

Fingerstick capillary whole

blood samples

Whole blood samples but

more data are warranted

Serum requires

venipuncture to obtain

specimen.

Whole blood from DBS

but sensitivity is poor

Time of result Time to result: several

hours/days and generally

batched as one run

Several days <120 min <60 min

Laboratory

infrastructure

Requires trained laboratory

technician

Requires laboratory

facilities and equipment

Can be performed in

decentralized settings

Can be performed in

decentralized settings

Requires laboratory

facilities and equipment

Standardization Need for development of

standardized protocols

by manufacturers

NAAT, nucleic acid amplification technologies; POC, point-of-care; HCV cAg , HCV core antigen.
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specimens. Such a process allows for a rapid response, which
is ideal for a single visit diagnosis while using a technology
that does not require specific laboratory infrastructure or
expertise in its operation. The system is simple enough to be
performed reliably by individuals without a background in
nucleic-acid diagnostics or virology. Such facilities should be
ideal as a two-step strategy after screening with RDTs in
places where centralized laboratories are not available and
could theoretically enable a one-step diagnosis if price comes
down. Until today, approved point-of-care HCV RNA assays
require venipuncture [56,57], which may be challenging in
settings without access to phlebotomists or among people
who inject drugs (PWID), due to poor venous access. The
Xpert HCV Viral Load test (Cepheid), a WHO prequalified
HCV NAAT test, has been recently shown to accurately
detect active infection from fingerstick capillary whole blood
samples [39]. Although promising, it is still unclear whether
a NAAT assay in a decentralized setting can achieve a price
cheap enough to be used as a first-line assay. Cost-effec-
tiveness studies are urgently needed to determine in which
settings a one-step versus two-step, with RNA or HCV cAg
quantification, laboratory or POC tests would be cost-effec-
tive.

4.1.3 | Skipping HCV genotyping?

Once diagnosis is confirmed, the current algorithm of HCV
management requires HCV genotyping before therapy is
initiated. However, with the pangenotypic success achieved
using next-generation DAAs (e.g. sofosbuvir/velpatasvir, gle-
caprevir/pibrentasvir) with very high rates of SVR in different
clinical conditions (na€ıve or pretreated patients, with or with-
out liver cirrhosis), pre-genotyping may no longer be required
in the future. Whether genotyping can also be skipped when
first-generation DAAs (e.g. sofosbuvir/daclatasvir or generics)
will be used in LMICs is questionable (at least in cirrhotic
patients), as genotype 3 cirrhotic patients need longer dura-
tion of treatment and/or the addition or ribavirin when this
combination is used [21].

4.2 | Improving HCV testing by a one-sample
strategy

A significant proportion of anti-HCV antibody-positive patients
fails to have a confirmatory test in difficult-to-reach populations
and are lost to follow-up [58-61]. To avoid this, one strategy
consists of testing both anti-HCV antibodies and a confirmatory
test (for those with anti-HCV reactive) from the same blood
sampling performed on the same day, using a venous blood sam-
ple (which requires a centralized laboratory but is already a first
step into simplification the cascade of care) or DBS sampling
with multiple spots taken (see above “Use of dried blood spot
(DBS) specimens for HCV screening”).
When DBS sampling is used, HCV RNA NAAT assays are

preferred as confirmatory tests over HCV cAg; indeed HCV
cAg testing has been shown to possibly have lower sensitivity
on DBS compared to serum when only one spot is used [40].
The choice of whether to use DBS sampling for HCV serol-

ogy or NAAT or both will depend on the healthcare setting
and infrastructure, and epidemiological context. Different
strategies can be suggested with varying combinations:

1 DBS EIA serology + DBS NAAT (context: No RDTs are
available in decentralized settings; difficult-to-reach popula-
tions and difficulty in venipuncture);

2 RDT serology + DBS NAAT (context: RDTs are available in
decentralized settings but no access to decentralized
NAAT)

3 RDT serology + POCT NAAT (context: RDTs and non-
immunological POCTs are available in decentralized set-
tings)

4 EIA serology + plasma/serum-based NAAT (context: high
income countries; large hospitals).

An interesting alternative would be a biphasic strategy with
first testing anti-HCV antibody (+) patients with HCV cAg,
and reserving NAAT only for those who are anti-HCV anti-
body (+) but HCV cAg (�). This strategy has been evaluated
in a study performed in Toronto (Canada) to determine
relapse in HCV infected patients treated with DAAs [62]. In
this context, the study showed that the use of HCV cAg could
eliminate >75% of HCV RNA tests. A recent study [63] fur-
ther indicates that this biphasic strategy is cost-effective in
the context of diagnosing HCV infection and is feasible in
LMICs.

4.3 | Improving HCV testing by a one-step
screening

To further simplify the diagnosis pathway, the ideal future
algorithm would only require one test for both screening and
diagnosing HCV. This test is preferably HCV cAg because of
reduced costs or NAAT for HCV RNA (Figure 1) if these
assays become affordable and in high prevalence settings,
where the strategy should be cost effective. If such HCV cAg
and/or NAAT assays are used at point-of-care settings, this
should further improve access to early diagnosis and linkage
to care for treatment services, in addition to reducing loss to
follow-up.

5 | PART 3 – SIMPLIFIED APPROACHES
FOR MONITORING

The advent of interferon-free DAA therapies has significantly
simplified monitoring treatment. In addition to the fact that
pangenotypic DAA combinations could eliminate the need for
genotyping before starting treatment, there is no further need
to monitor viral load during treatment [1] Using new DAAs,
the levels of viral load decline no longer correlate with
response and the number of virological tests can be reduced
to a single post treatment virological test to assess cure (i.e.
12 or 24 weeks post treatment SVR). In this context, a second
aspect of simplification is to perform the same test for diagno-
sis and for monitoring (i.e. either HCV cAg or NAAT for HCV
RNA if affordable).
There remains some debate about the ability of HCV cAg

to assess response to DAA treatment. There is emerging
data supporting very good performances of the ARCHITECT
assay as a test of cure [64]. In a cohort of 181 patients
(62% of whom achieved SVR) [62], HCV cAg was shown to
determine SVR with very high accuracy when compared to
HCV RNA in HCV-infected patients receiving DAA
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treatment (concordance between Ag and HCV RNA for
determination of SVR was estimated at 97.3%). Similarly, in
a cohort of 411 HCV genotype-1 patients with a pre-treat-
ment HCV RNA level >50,000 IU/ml who received a DAA-
containing regimen [24], concordance between HCV RNA
levels and HCV cAg was 99.24% at follow-up visit 12 weeks
after the treatment cessation. Because HCV replication is
likely to be higher in patients who relapse late after virologi-
cal failure, HCV cAg testing might be even more sensitive in
detecting treatment failures when performed at W24 post
treatment compared to W12 post treatment. However, stud-
ies are needed to confirm this strategy. Specificity in anti-
HCV positive HCV RNA negative samples tested was 100%.
Despite these encouraging results, the clinical performance
of HCV cAg to confirm SVR at completion of therapy should
be further investigated in particular in specific populations
(e.g. HBV/HIV co-infected patients, or infected with HCV
genotypes 4, 5 and 6).

6 | CONCLUSIONS

Control of HCV will strongly depend on the capacity of coun-
tries to identify people who live with chronic hepatitis C and
to offer them treatment. Tools for simplified screening and on
and post-treatment monitoring will be critical to make such
efforts feasible. Currently costs and complexity of diagnostics
algorithm are notable and important barriers to screening and
treatment monitoring. With the implementation of new treat-
ment regimens, the current pathway for HCV diagnosis can
conceivably be simplified from three tests (serology, NAAT
and genotyping) to one or two tests if random-access NAAT
assays or reliable HCV cAg assays become affordable, particu-
larly in high prevalence settings. A second aspect of simplifica-
tion is to use the same test for diagnosis and monitoring (one
single point at follow-up visit 12 to 24 weeks). Finally, the

capacity for decentralization including the use of new random-
access NAAT for HCV RNA will be crucial to further simplify
diagnosis and monitoring. The future challenge will be to
implement different diagnostic algorithms in different coun-
tries, based on the experience of similar countries who have
already taken the first steps towards controlling HCV and
explore innovative approaches to reduce the cost of these
tests through large-scale projects in different contexts (e.g.
HIV or HBV co-infection, difficult-to-reach population).
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amplification technologies; POC, point-of-care; HCV cAg, HCV core antigen.
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Abstract
Introduction: There is currently no published data on the effectiveness of DAA treatment for elimination of HCV infection in
HIV-infected populations at a population level. However, a number of relevant studies and initiatives are emerging. This
research aims to report cascade of care data for emerging HCV elimination initiatives and studies that are currently being
evaluated in HIV/HCV co-infected populations in the context of implementation science theory.
Methods: HCV elimination initiatives and studies in HIV co-infected populations that are currently underway were identified.
Context, intervention characteristics and cascade of care data were synthesized in the context of implementation science
frameworks.
Results: Seven HCV elimination initiatives and studies were identified in HIV co-infected populations, mainly operating in
high-income countries. Four were focused mainly on HCV elimination in HIV-infected gay and bisexual men (GBM), and three
included a combination of people who inject drugs (PWID), GBM and other HIV-infected populations. None were evaluating
treatment delivery in incarcerated populations. Overall, HCV RNA was detected in 4894 HIV-infected participants (range
within studies: 297 to 994): 48% of these initiated HCV treatment (range: 21% to 85%; within studies from a period where
DAAs were broadly available the total is 57%, range: 36% to 74%). Among studies with treatment completion data, 96% of
1109 initiating treatment completed treatment (range: 94% to 99%). Among those who could be assessed for sustained viro-
logical response at 12 weeks (SVR12), 1631 of 1757 attained SVR12 (93%, range: 86% to 98%).
Conclusions: Early results from emerging research on HCV elimination in HIV-infected populations suggest that HCV treat-
ment uptake is higher than reported levels prior to DAA treatment availability, but approximately half of patients remain
untreated. These results are among diagnosed populations and additional effort is required to increase diagnosis rates. Among
those who have initiated treatment, completion and SVR rates are promising. More data are required in order to evaluate the
effectiveness of these elimination programmes in the long term, assess which intervention components are effective, and
whether they need to be tailored to particular population groups.
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1 | INTRODUCTION

Over two million people are estimated to be HIV/HCV co-
infected globally [1]. Chronic viral hepatitis accounts for
approximately 10% of mortality among people living with HIV
[2]. Injecting drug use is the major risk factor for HCV acquisi-
tion among those living with HIV, accounting for over 60% of
infections globally, whereas in many high-income countries,
high-risk sexual behaviour among HIV-infected gay and bi-sex-
ual men (GBM), including injecting and non-injecting drug use
to enhance the sexual experience, is a key driver of HCV
transmission [1,3,4]. Incarcerated populations are also at ele-
vated risk of HCV and HIV infection due to incarceration of
people who inject drugs (PWID) [5].

HCV treatment has been transformed through direct-acting
antiviral (DAA) medications that cure >90% of individuals using
tablets over 8 to 12 weeks [6]. Despite modelling studies sug-
gesting that if HCV treatment can be adequately scaled to need,
HCV prevalence and incidence can be reduced [7,8] and opti-
mism that local elimination of HCV might be achieved [9], real-
world scale-up of HCV elimination remains largely hypothetical.
Though the high price of DAAs has hindered scale-up [10],
treatment levels have also been hindered by ineffective strate-
gies to adequately target key populations who would benefit
most from HCV treatment as prevention [11].
The HIV co-infected population are more likely to be engaged

in medical care than the HCV-mono-infected population given
increasingly high levels of HIV ART uptake globally [12].
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Theoretically, this provides an opportunity for broad coverage of
HCV treatment in this population, particularly given that DAA
treatment regimens are similar in co-infected and mono-infected
populations with equivalent treatment outcomes [13,14]. How-
ever, it is important to note that despite increases in ART cover-
age, coverage in the key at-risk populations still lags behind in
some contexts possibly due to lower levels of engagement in
medical care and discriminatory prescribing practices [15,16].
Despite the advantages of DAA therapy, engaging large

numbers of HIV/HCV co-infected people in HCV DAA treat-
ment will likely require tailored strategies for each of the
three key groups at risk of co-infection: PWID, GBM and pris-
oners. A number of key barriers will need to be addressed to
achieve a comprehensive increase in HCV treatment coverage
in these three key populations. Insights from implementation
science suggest that the successful and widespread implemen-
tation of any innovation is complex, even one that is sup-
ported by a high level of evidence [17,18]. This is partially due
to barriers at the level of the individual health professional,
such as lack of knowledge or skill or negative attitudes, but
also involves structural barriers, organizational barriers, peer
group barriers (differences between the local standard of care
and the desired practice) and professional-patient interactions
[19]. In the case of HCV, stigmatization and criminalization of
the major patient groups and frequent incarceration of PWID
add further to the complexity [20,21].

There is currently no published real-world data on the
effectiveness of DAA treatment for elimination of HCV infec-
tion in HIV-infected populations at a population level. How-
ever, a number of relevant studies and initiatives are
emerging. This paper aims to describe and report cascade of
care data for emerging HCV elimination initiatives and studies
that are currently being trialled in HIV/HCV co-infected popu-
lations in the context of implementation science theory.

2 | METHODS

Seven HCV elimination initiatives and studies in HIV co-
infected populations that are currently underway were identi-
fied in six countries. Eligibility criteria for inclusion were either
(a) monitoring an HCV elimination intervention targeted to
HIV-infected populations; or (b) monitoring the effects of
HCV elimination interventions in HIV-infected populations.
Data on context, intervention characteristics, and initiative/
study-level cascade of care were synthesized using conference
abstracts, published manuscripts and personal contact with
the investigators. Data collection tools were informed by rele-
vant constructs from the consolidated framework for imple-
mentation research (CFIR) [17] and the integrated Promoting
Action on Research Implementation in Health Services frame-
work (i-PARIHS; Figure 1) [18]. Cascade of care data from

Consolidated Framework for 
Implementation Research (CFIR)

Intervention

Outer setting (including the economic, 
political, and social context within 
which an organisation resides)

Inner setting (within an organisation)

Characteristics of the individual
health professionals 

Implementation process

Integrated Promoting Action on Research 
Implementation in Health Services 
Framework (i-PARIHS)

Innovation

Recipients (including patient/risk groups,
health professionals and administrators)

Context
Local level (within an organisation)
Organisational level
External health systems level

Facilitation

Highlighted elements of CFIR and i-PARIHS

Intervention (CFIR) 
Intervention source
Evidence strength and quality
Perceived relative advantage compared to other possible courses of 
action
Adaptability
Trialability
Complexity
Cost

Recipients (i-PARIHS)
Patient/risk groups 
Health professionals

Context (i-PARIHS)
External health systems level (including the policy and legal framework, 
and available resources)

Figure 1. Overview of the CFIR and i-PARIHS implementation science frameworks with relevant constructs highlighted. While all constructs
in the two implementation science frameworks are potentially relevant to HCV elimination interventions, the highlighted constructs are par-
ticularly relevant for describing and analysing progress in HCV elimination in HIV-infected populations, both in the initiatives and studies
identified and in the global context.
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initiatives and studies included the number of people with
HCV RNA, the proportion of those with HCV RNA who initi-
ated treatment, the proportion of those who initiated treat-
ment that completed treatment, and the SVR rate. Where
possible the SVR rate was defined as the proportion of those
who were at least 12 weeks past their expected treatment
completion date, who had attained SVR. Data on diagnosis
rates were not generally available at the initiative/study level.
For each country in which initiatives and studies were

included, model-based estimates of the numbers of people liv-
ing with HIV and the proportion diagnosed with HIV were
sourced from peer-reviewed journal manuscripts [22,23],
surveillance reports [24-26], and conference presentations
[27]. Estimates of HCV antibody prevalence among HIV-
infected populations were obtained from cohort studies of
people living with HIV [26,28-30], clinical databases of HIV
patients [27], and country-level HIV/HCV co-infection man-
agement guidelines [31]. The number of people affected by
HCV/HIV co-infection was calculated by applying the HCV
antibody prevalence estimates to the estimates of the num-
bers of people living with HIV. An estimate of the proportion
of those with HIV/HCV co-infection who were diagnosed for
both HIV and HCV was only available for one country, and it
was sourced from a conference presentation [27].
All contributing studies had received ethical approval from

local ethics review boards in their countries.

3 | RESULTS - PROGRESS TOWARD
HCV ELIMINATION IN HIV-INFECTED
POPULATIONS

3.1 | Emerging research

Seven HCV elimination initiatives and/or studies in HIV-
infected populations were identified, mainly in high-income
countries (Australia (n=2), Canada, France, Georgia, the
Netherlands and Switzerland). The broader context in which
an intervention takes place is highlighted by the i-PARIHS
framework (Figure 1). The six countries in which elimination
initiatives or studies were identified all have harm reduction
programmes for PWID, and protection against discrimination
for LGBT populations. [32-33]. However, the coverage of harm
reduction programmes varies substantially between countries.
According to a recent systematic review, needle and syringe
programme coverage was high in Australia and the Nether-
lands (>200 needles/syringes distributed per PWID per year),
moderate in Canada, France and Switzerland (100 to 200 nee-
dles/syringes distributed per PWID per year) and low in Geor-
gia (0 to 50 needles/syringes distributed per PWID per year).
Opioid substitution therapy coverage was high in Australia,
France, the Netherlands and Switzerland (>40 recipients per
100 PWID), moderate in Canada (20 to 40 recipients per 100
PWID), and low in Georgia (0 to 20 recipients per 100 PWID)

Table 1. Country-level context of the identified HCV elimination initiatives and studies in HIV-infected populations

Australia Canada France Georgia Switzerland The Netherlands

Main population groups affected by HIV/HCV co-infection

PWID N Y Y Y Y Ya

GBM Y Y Y Y Y Y

Prisoners N Y Y Y Y N

Other N Yb N Y N N

National/regional HCV elimination strategy Y N Y Y N Y

Availability of subsidized DAAs

Unrestricted in HIV-coinfected population (year) Y (2016) Y (2014/2017)c Y (2017) Y (2015) Y (2017) Y (2015)

Unrestricted for all chronic HCV patients (year)d Y (2016) Ne Y (2017) Y (2015) N Y (2015)

Prescriber types

Specialists Y Y Y Y Y Y

Primary care Y Y/Nf N Ng N N

Legal constraints for key populations

Harm reduction programmes for drug use Y Y Y Y Y Y

Protection against discrimination for LGBT populations Y Y Y Y Y Y

aIn the Netherlands, HCV/HIV coinfection is mainly observed in former PWID and GBM. Recent transmission has been observed only among
GBM. Similar to the situation in other high-income countries, HCV transmission among GBM is thought to be driven partially by sexual transmis-
sion and partially by injecting and non-injecting drug use to enhance the sexual experience.
bIndigenous populations (mainly through injecting drug use).
cSimeprevir and sofosbuvir were unrestricted in Quebec for HCV mono-infected patients since 2014. Although HIV infection was a listed restric-
tion, co-infected patients were usually granted access on a case by case basis through the “patient d’exception” process; Ledipasvir and ombitasvir/
paritaprevir/ritonavir; dasabuvir were unrestricted in Quebec from 2016 and velpatasvir from 2017; and the majority of other Canadian provinces
since March 2017 [34].
dGenerally excluding those who are incarcerated.
eNot currently available but this is expected to change in 2018/9 in the majority of Canadian provinces.
fPrimary care practitioners can prescribe HCV treatment in some provinces but not others [34].
gA pilot programme is currently underway to evaluate HCV treatment in primary care, which is expected to lead to all primary care providers
being allowed to prescribe HCV treatment.
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[32]. HCV elimination strategies operating at the regional or
country level were in place in Australia, France, Georgia and
the Netherlands (Table 1).
In addition to the broad context, another key aspect is the

characteristics of the patient or target group of the interven-
tion (Figure 1). The main population groups affected by HIV/
HCV co-infection in the countries in which elimination initia-
tives were identified included PWID, GBM and incarcerated
populations. However, the majority of the elimination efforts
were targeted elimination efforts in GBM. The two Australian
initiatives (CEASE and Co-EC) operate primarily in cities
where GBM account for approximately 85% of HIV/HCV co-
infection cases; in Amsterdam, ongoing transmission of HCV
infection among HIV-infected populations is only among GBM;
and in Switzerland, the Swiss HCVree Trial is a clinic trial with
MSM as an eligibility criterion. Notably, the HCVree study is
nested in the Swiss HIV Cohort Study which includes PWID,
GBM and other HIV-infected participants, and because treat-
ment data are not yet available for HCVree, the cascade of
care data presented here are from the Swiss HIV Cohort
Study. The nationwide HCV elimination programme in Georgia
provides HCV treatment at harm reduction sites for PWID,
HIV centres, and prisons. In Canada and France, there are no
specific programmes targeting HIV-infected populations but
the effects of general HCV elimination programmes are being
evaluated in the HIV-infected community. France’s national
strategy for HCV elimination includes targeted programmes
for PWID. Broad availability of DAAs is the only nation-wide
elimination initiative in Canada but there are other HCV elimi-
nation initiatives in Canada that are targeted to specific sub-
populations and geographic areas. The cohort studies and
databases being used to evaluate the effects of HCV elimina-
tion programmes in Canada, France and Georgia include
diverse HIV-infected populations including active PWID and
GBM. (Table 2).
One of the characteristics highlighted in the CFIR is the

complexity of the intervention (Figure 1). HCV elimination in
HIV-infected populations is complex. All of the initiatives and
studies include broad access to DAAs and most include addi-
tional components, including screening and testing compo-
nents, treatment access components, training of health
professionals, media campaigns and risk reduction compo-
nents. Screening and testing interventions include nurse sup-
ported programmes to identify patients for HCV antibody
testing, community-based rapid diagnostics and home-based
dried blood spot testing, and study or community-based rein-
fection monitoring. Treatment access interventions include a
case management programme for PWID and marginalized
people, broadened prescriber base, treatment provision at
harm reduction sites, treatment provision in prison, nurse-led
primary healthcare based models of care, and community
and cohort-study based test and treat models. Risk reduction
components include harm reduction, healthcare-based infec-
tion control, behavioural interventions and personalized
online tools for those at risk of reinfection. Of the five broad
groups of intervention (screening/testing, treatment access,
training of health professionals, media campaigns and risk
reduction interventions), MC Free and Georgia’s nationwide
HCV elimination programme involve components from all five
groups, Co-EC Australia involves components from four
groups, CEASE Australia involves components from three

groups, the National Plan for HCV Elimination and the Swiss
HCVree trial include components from two groups. Although
there are no targeted national elimination interventions in
Canada, regional interventions such as the Targeted Disease
EliminationTM programme in British Columbia [35] and a pilot
project in Big River First Nation, Saskatchewan are evaluat-
ing eliminating HCV at the community level. Some of the
studies and initiatives include multiple components within a
group (Table 2).
The ability to trial the intervention at a small-scale is also

highlighted in CFIR (Figure 1). In the seven initiatives and
studies identified, cohort studies, health information systems
and surveillance systems are being used to evaluate HCV
elimination interventions in people living with HIV (Table 2).
None of the evaluation methods include traditional control
groups. However the CCC (Canada) is using quasi-experimen-
tal designs to (i) evaluate treatment uptake through natural
variations in DAA reimbursement policies across Canada and
(ii) pilot elimination interventions at the clinic level, comparing
intervention sites with matched control sites within the CCC.
Similarly, several of the other studies and initiatives are using
nationwide databases and/or cohorts to compare regions/sites
with interventions to other regions.
The cost and available resources for implementing an inter-

vention are highlighted in CFIR and i-PAHRIS (Figure 1). With
the exception of the Swiss HCVree Trial, where drugs are pro-
vided by industry, governments and health insurance provide
funding for subsidized DAAs in all of the other HCV elimina-
tion initiatives and studies. However, with the exception of the
government-funded National Plan for HCV elimination in
France and the nationwide HCV elimination programme in
Georgia which is partially industry-funded and partially funded
by the US CDC among others, additional components of the
elimination interventions identified were mainly funded by
industry through investigator-initiated research. These compo-
nents include treatment access interventions, screening/test-
ing, education initiatives for health professionals, media
campaigns and risk reduction interventions.

3.2 | Country-level burden of HIV/HCV
co-infection and diagnosis

Model-based estimates of the number of people living with
HIV were available for all six countries in which the identified
HCV elimination initiatives and studies were based. These ran-
ged from 9600 in Georgia to 149,900 in France. The percent
of HIV-infected participants with HCV antibodies ranged from
12% in the Netherlands to 40% in Georgia. The number of
people living with HIV and HCV antibodies ranged from 2600
in Switzerland to 36,400 in France. The percent of HIV-
infected individuals who were HIV diagnosed ranged from
42% in Georgia to 89% in Australia (Table 3). An estimate of
the percent of co-infected individuals who were diagnosed for
both HIV and HCV was reported in a conference presentation
for Georgia (33%) [27], but was not available for any of the
other countries. According to systematic reviews and mod-
elling studies, the estimated proportion of people living with
HCV (including those with HCV monoinfection) who were
diagnosed prior to DAA availability was 37% (Switzerland),
57% (France), 61% (the Netherlands), 70% (Canada), 75%
(Australia) [36-39]. However, in some countries these
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Table 2. Intervention characteristics of seven key studies targeting HCV elimination in HIV/HCV co-infected populations

Name (location) Scope of intervention Intervention components

Who covers the cost of

the intervention

Evaluation method in

HIV-infected

populations

(Canada) Nation-wide Broad access to DAAs;

additional clinic-level, province-

level, and community-level

interventions

Government/health

insurancea
Canadian co-infection

cohort [40]

co-EC (Melbourne,

Australia)

Three high HIV caseload

primary healthcare

clinics, the largest

metropolitan sexual

health centre, and the

two largest hospitals for

care of people living with

HIV, accounting for over

75% of people living with

HIV in Victoria

Broad access to DAAs and

broadened prescriber base;

nurse supported programmes to

identify patients for HCV

testing, and support for GPs to

increase testing and treatment;

posters displayed in

participating clinics promoting

HCV testing to patients;

nurse-led model of care in

primary healthcare to increase

access to DAAs;

training programmes for nurses

and physicians

DAA therapy is

government subsidized;

practice nurses are

funded by industry

through investigator

initiated research

An integrated HCV/HIV

clinical and

behavioural

surveillance system

monitors the impact

of the programme at

the local and

statewide level

CEASE

(predominantly

Sydney, Australia)

Nation-wide observational

study of HCV viraemia

among HIV-infected

population, with an

implementation project

predominantly operating

in Sydney

Broad access to DAAs and

broadened prescriber base;

HCV Education for HIV

prescribers;

recurrent viraemia: monitoring

of a cohort of high-risk inner

city patients for reinfection

DAA therapy is

government subsidized;

other intervention

components funded by

industry through

investigator initiated

research

Data assessed at three

cross-sectional visits;

at enrolment (2014

to 2016), follow up 1

(2017 to 2018) and

follow up 2 (2019 to

2020); data include

HCV viraemic

prevalence through

DBS, behavioural risk

and fibrosis

assessment

MC FREE

(Amsterdam MSM

HCV Free,

Amsterdam, the

Netherlands)

City-wide Broad access to DAAs;

home-based HCV RNA dried

blood spot testing service

(subscription-based);

online tools including

information and personal advice

on testing and risk reduction

strategies, and test results

delivered online;

motivational interviewing and

intensification of partner

notification;

online and offline media

campaigns aimed at increasing

HCV awareness;

interventions aimed at

professionals;

behavioural interventions by

trained HIV nurses

DAA Treatment is

government subsidized;

home-based testing and

online/ offline strategies

are supported by

industry through

investigator initiated

research

Through the National

HIV Monitoring

Foundation and the

MOSAIC study, the

different

interventions will be

evaluated according

to predefined

criteria/ deliverables
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Table 2. (Continued)

Name (location) Scope of intervention Intervention components

Who covers the cost of

the intervention

Evaluation method in

HIV-infected

populations

National Plan for

HCV Elimination

(France)

Nation-wide, community-

based intervention

Broad access to DAAs;

community-based test and treat

model involving implementation

of rapid diagnostics at the

community level;

educators and social workers

who link PWID / marginalized

people to healthcare centres,

through a case management

(parcours) programme

Government/health

insurance

Several cohorts of HIV-

infected patients and

HIV/HCV co-infected

patients in addition to

national surveillance

systems

National HCV

elimination

programme

(Georgia)

Nation-wide multi-

component programme

Broad access to treatment and

increased access to treatment

through primary care, harm

reduction sites, HIV centres and

prisonsb;

advocacy, awareness and

education;

harm reduction among PWID,

blood safety and infection

control in traditional and non-

traditional healthcare settings;

national HCV screening

Laboratory diagnostics capacity

building;

surveillance

Gilead and the CDC among

others

Georgian National AIDS

health information

system (AIDS HIS, a

secure web-based

system connecting all

HIV care providers

countrywide)

The Swiss HCVree

Trial (Switzerland)

Research study-based

elimination effort among

HIV/HCV co-infected

MSM, operating

nationwide

Cohort study based test and treat

model; delivery of Elbasvir/

Grazoprevir treatment to

patients infected with

genotypes 1 and 4 through

clinical trial (Swiss HCVree

Trial); behavioural intervention

delivered to patients reporting

inconsistent condom use with

occasional partners; the

remaining patients received

standard of care and written

and oral information on

prevention of HCV reinfection.

Investigator initiated trial

nested in the Swiss HIV

Cohort Study (SHCS);

SHCS mainly funded by

the Swiss National

Science Foundation,

HCVree mainly funded

by industry

The Swiss HCVree

Trial: all study

participants tested

for HCV RNA at

beginning and end of

the HCVree trial,

change in risk

behaviour is

evaluated, see

ClinicalTrials.gov

NCT02785666;

effects on HCV

incidence within HIV-

infected populations

evaluated using the

Swiss HIV Cohort

Study

aAlthough all Canadian citizens and permanent residents have insurance coverage for in-hospital and physician services, medication coverage var-
ies across the 10 provinces and 3 territories, with a mix of both public and private sources of insurance depending on individual characteristics.
For example, people on social assistance receive public coverage for medications with no or minimal co-payments and Indigenous people receive
medication coverage from the First Nations and Inuit Health Branch (FNIHB).
bProvision of HCV treatment through primary care and harm reduction sites is currently being piloted and will be implemented nationwide in the
future.
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diagnosis rates may be quite different in the HIV-infected
population.

3.3 | Initiative-level partial cascade of care

Overall, HCV RNA was detected in 4894 HIV-infected partici-
pants across the seven studies and initiatives (range within
studies: 297 to 994). Of these 2338 initiated HCV treatment
(48%; range: 21% to 85%). Among studies with treatment
completion data, 1061 of 1109 initiating treatment (96%,
range: 94% to 99%), completed treatment. Of those who were
treated with DAAs and could be assessed for SVR12, 1631 of
1757 attained SVR12 (93%, range: 86% to 98%). Of the seven
studies and initiatives, four reported cascade of care data
from a period where DAAs were broadly available (CEASE
and Co-EC - Australia, ATHENA - The Netherlands and AIDS
HIS-Georgia), and three included data from prior to DAAs
becoming broadly available (CCCS - Canada, SHCS - Switzer-
land, and HEPAVIH- France). Four initiatives/studies included
a considerable proportion of PWID in addition to GBM and
other patient groups (CCCS, AIDS HIS, HEPAVIH and SHCS),
and three were composed mainly of GBM and former PWID
(CEASE, Co-EC and ATHENA). In studies and initiatives with
cascade of care data from a period where DAAs were broadly
available, 1398 of 2460 (57%, range: 36% to 74%) initiated
HCV treatment, 160 of 169 (95%: data from one study only)
completed HCV treatment, and 1042 of 1110 (94%, range:
88% to 98%) attained SVR12. In studies and initiatives that
include a considerable proportion of current PWID, 1271 of
3349 (38%, range: 21% to 85%) initiated treatment, 901 of
940 (96%: range: 94% to 99%), completed HCV treatment,
and 885 of 978 (90%, range: 86% to 96%) attained SVR12;
however, two of these studies and initiatives include data from
prior to DAAs becoming broadly available (Table 4 and Fig-
ure 2). These data include diagnosed patients, who are in care
(France, the Netherlands, Sydney), were in care previously
(Melbourne, Georgia) and/or are enrolled in a cohort study
(Canada, France, the Netherlands and Switzerland).

4 | DISCUSSION

Early results were synthesized from seven HCV elimination
initiatives and studies in HIV-infected populations. These
results demonstrate increased linkage to HCV care, successful
retention in care, and high cure rates among those diagnosed

with HCV/HIV co-infection. However, these are early data and
the majority of initiatives and studies identified were in high-
income countries with relatively low levels of criminalization
of risk behaviours and discrimination and stigma of PWID and
GBM. Furthermore, the majority of initiatives and studies
identified were either primarily treating GBM and/or former
PWID or include data from prior to broad DAA availability.
None of the studies operate in incarcerated populations and
treatment in this context may be more challenging. More data
will be required to evaluate the effects of treatment scale-up
on HCV prevalence and incidence, and confirm that these high
rates of linkage and retention in care can be replicated in
PWID, incarcerated populations, and in countries with greater
levels of criminalization of risk behaviours and discrimination
and stigma of the groups at risk. Different strategies may be
required for linkage and retention in care in different
populations.
Overall, approximately 50% of HCV diagnosed individuals in

the seven initiatives and studies were linked to HCV treat-
ment. This represents a substantially higher treatment uptake
than prior to DAA therapies becoming available. In the Swiss
HIV cohorts, treatment uptake increased fourfold after the
introduction of second-generation DAAs [42]. In Georgia,
approximately 100 HCV/HIV co-infected people were treated
per year in the three and a half years prior to DAA availability,
compared to approximately 265 treatments/year in the first
15 months of the nationwide HCV elimination programme
[27]. In the CCC (Canada), treatment uptake increased from 8
per 100 person years to 28 per 100 person years after the
introduction of DAA therapies. [43]. This is consistent with
increases in treatment uptake following the introduction of
DAA therapies in predominantly HCV-monoinfected popula-
tions [44]. However, it is not clear that these increases in
treatment rates will be sustained. In the Netherlands, treat-
ment numbers increased substantially from November 2015
when DAA therapy became available until July 2016 (on aver-
age, >150 treatments/quarter) but then returned to pre-DAA
levels (<50 treatments/quarter) [45]. Moreover, although sub-
stantial increases in treatment uptake were observed after
the introduction of DAA therapy, treatment uptake varied sub-
stantially between studies (21% to 91%). This is partially due
to variations in when broad access to DAA therapy was
attained: in Canada, France, and Switzerland, although DAA
therapies were available to selected subgroups earlier, broad
access to DAA therapies was only attained in 2017 and cas-
cade of care data was either not yet available or included data

Table 3. Country-level burden of HIV/HCV co-infection and diagnosis

Australia Canada France Georgia Switzerland The Netherlands

Estimated number of people living with HIV 26,400 [24] 65,000 [25] 149,900 [22] 9600 [27] 15,200 [23] 22,900 [26, 41]

Estimated % with HCV antibodies 13 [28] 20 to 30 [31] 24 [29] 40 17 [30] 12 [26]

Estimated number with HCV antibodies 3500 16,300 36,400 3900 2600 2700

Estimated % of those living with

HIV who are HIV diagnosed

89 [24, 28] 80 [25] 81 [22] 42 [27] 81 [23] 89 [26, 41]

All numbers are rounded to the nearest 100 and percentages are rounded to the nearest percent. Estimated numbers with HCV antibodies are
calculated by applying the estimated % with HCV antibodies to the estimated number of people living with HIV. Percent HIV diagnosed is among
all HIV-infected people.
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from before broad access was attained. Treatment rates may
have increased since DAAs became broadly available.
However, even in initiatives and studies that attained broad

access to DAA therapies earlier, treatment uptake ranged
from 36% in Georgia to 75% in the Netherlands indicating
that there are significant barriers to care other than simply

access to DAA therapy, including provider-level, patient-level
and structural barriers ([19-21], Table 5). Overall, more than
half of diagnosed HIV/HCV co-infected individuals had not
received treatment. While the data included only reflect a
short timeframe after the introduction of DAAs, this suggests
that substantial effort is still required to achieve HCV elimina-
tion in HIV-infected populations. In order to overcome the
potential barriers to HCV elimination, it is likely that complex
interventions will be required. These are likely to include
interventions related to linkage and retention in care, diagno-
sis and screening, training of health professionals, risk reduc-
tion and identification and treatment of reinfection cases.
Notably, currently the majority of intervention components in
the identified studies and initiatives other than DAA therapy
are funded by industry through investigator-initiated research.
In order to attain HCV elimination globally, sustainable financ-
ing structures will be required to monitor the effectiveness of
HCV elimination efforts and for widespread implementation of
interventions that are proven to be effective.
All treatment linkage data reflect HIV and HCV diagnosed

populations. Population-wide proportions of those diagnosed
with HIV/HCV co-infection who have received treatment are
likely to be lower than those presented here. HCV diagnosis
rates among HIV-infected populations are not currently well
understood and additional research is required to estimate

Table 4. Partial cascade of care in the HCV elimination interventions/studies identified in HIV-infected populations

CEASE

Australia

Co-EC

Australia

CCC

Canada

HEPAVIH

France

AIDS HIS

Georgiaa
SHCSb

Switzerland

ATHENAc

The Netherlands

Number HCV RNA positive 297d 305e 994f 564 915 876 943g

Number initiated HCV treatment (%)h 196 (66) 169 (55) 278 (28) 482 (85)i 331 (36) 180 (21) 702 (74)

Number completed HCV treatment (%)j - 160 (95) 271 (97)k 451 (94) - 179 (99) -

Number attained SVR12 (%) 15 (88)l 133 (89)m 240 (86)n 176 (93)o 296 (89) 173 (96) 598 (98)p

CEASE, Control and Elimination within AuStralia of HEpatitis C from people living with HIV; co-EC Study, Eliminating HCV/HIV co-infection; CCC,
Canadian Co-infection Cohort; HEPAVIH, the French national prospective cohort of patients co-infected with HIV and HCV (ANRS CO13 HEPA-
VIH); AIDS HIS, AIDS health infection system; SHCS, Swiss HIV Cohort Study; ATHENA, AIDS Therapy Evaluation in the Netherlands (ATHENA)
cohort.
aData from the Georgian National AIDS health information system (a secure web-based system connecting all HIV care providers countrywide),
June 2015 to August 2016. DAAs were broadly available.
bCascade of care in the Swiss HIV Cohort Study because cascade of care data are not yet available for the Swiss HCVree Trial. Data are from
2014 to 2015. Second-generation DAAs were available but restricted by liver disease stage [42].
cCascade of care from the ATHENA cohort of people diagnosed with HIV in the Netherlands from a period where DAAs were broadly available
but prior to MC Free, Amsterdam [45]. A cascade of care at the two largest HIV clinics in Amsterdam (a subset of the ATHENA cohort) is avail-
able for the same period [46].
d2014 to 2016 [47].
eThese are patients who have been tested for HCV in the past but may not currently be in HCV care. Among those who have been tested for
HCV within the study period (n=194), the treatment uptake is 87%.
fAs of 21 November 2013 (Health Canada’s approval of second-generation DAAs), cohort participants who were eligible to initiate DAAs.
gIncludes those who have tested HCV RNA positive, were treated with DAAs, have never been treated, or were treated with interferon-based
therapies and failed treatment but have not yet been retreated [45].
hOf those HCV RNA positive.
iIncludes initiations with interferon-based therapies during a period when DAAs were available in France but restricted [48].
jOf those initiating HCV treatment.
kData collected up to December 2016.
lUp to end 2015 (17 had initiated treatment).
mOf those who are 12 weeks past the date of planned treatment completion. 136 of these were tested for HCV RNA at 12 weeks after treat-
ment, and of those the SVR rate was 98%. It is likely that more participants will be tested for HCV RNA at their next HIV clinic visit.
nIncludes DAA regimens including interferon, data collected up to July 2017 [43].
oOf those initiating DAA therapy prior to February (24 week therapy)/May 2015 (12 week therapy) [49].
pOf those who were assessed for SVR.

Figure 2. Partial cascade of care data from seven initiatives and
studies implementing and evaluating HCV elimination interventions
in HIV-infected populations. Percent of HCV RNA positive partici-
pants in care or enrolled in cohort studies initiating treatment, per-
cent of those initiating treatment who have completed treatment,
and percent of those who can be assessed for SVR12 who attained
SVR12.
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these. Two of the initiatives and studies identified included
interventions to increase HCV diagnosis in HIV diagnosed
populations using community-based rapid diagnostics and
home-based dried blood spot testing. Dried blood spot testing
administered by professionals has previously been found to

increase HCV testing uptake in populations at high risk of
HCV monoinfection [63]. In Georgia, where the rate of HIV
diagnosis is relatively low (approximately 40%), efforts are
being made to increase diagnosis through integration of HIV,
HCV and TB testing services [64].

Table 5. Barriers and enablers of HCV elimination in HIV-infected populations: list structure based on the CFIR and i-PARIHS

frameworks

Intervention

Strength of evidence High level of evidence that DAAs are efficacious and tolerable in HIV-coinfected individuals [13], model-based

evidence of the effectiveness of treatment as prevention [7,8].

Complexity Complex intervention targeting populations rather than individuals, and involving case finding, engagement and

retention in care, follow-up after successful treatment, and potential re-treatment following re-infection.

Adaptability Case finding strategies and models of HCV care are adaptable [50,51].

Trialability Small-scale trials are challenging because of the interlinked nature of the transmission networks. In many contexts

HCV elimination will only be testable through before and after studies of population-wide interventions.

Cost Initially extremely costly; however, some countries have negotiated better rates or early introduction of generics

and prices of DAAs are evolving rapidly [10,52].

Source Targets have been set by the WHO [9].

Relative advantage In settings where resources are limited relative to the cost of DAAs, treatment of those with advanced liver

disease has been prioritized over those at risk of transmission [52].

Recipients of the intervention

Healthcare professionals Negative attitudes of healthcare providers toward risk groups have been documented in some contexts, with

consequences for quality of care [16,53].

Possible low levels of knowledge of HCV among primary care practitioners managing HIV patients [54]

Patients Linkage to healthcare and treatment readiness in key population groups, including possible mistrust of healthcare

providers among key risk groups [20]

Transience of key populations, particularly PWID, including frequent short-term incarceration [20,55]

Priority of HCV care in the context of comorbidities and socio-economic disadvantage [20]

Relationships between

healthcare professionals

and patients

Communication difficulties between patients and specialists [20]

Context

Criminalization,

discrimination and stigma

of key populations

Criminalization of same-sex sexual acts in 75 countries [33]. High or medium levels of discrimination against gay

and bisexual men limit access to HIV-care in low and middle-income countries in all global regions [56], limiting

access to care for HCV in HIV health services.

Criminalization of drugs is widespread, with decriminalization of some aspects of drug use only in relatively few

countries, approximately 25 to 30 worldwide. There is some evidence that criminalization of drugs and stigma

against PWID in healthcare settings negatively impact on HIV prevention and healthcare [53,57,58], and may

impact negatively on HCV treatment among HIV-infected populations.

Incarceration of

key populations

Incarceration of PWID and less commonly of GBM poses challenges not only for HIV and HCV-prevention, but

also delivery of HCV treatment [59]. While prisons may potentially provide opportunities for HCV treatment,

there are also potential challenges to providing continuity of care in the context of prison transfers and short

sentences, lack of family support, high levels of stress, unpleasant healthcare context and stigmatization by

other inmates and custodial staff [55]. In addition, high rates of reinfection have been observed in the prison

setting, highlighting the importance of offering other harm reduction interventions such as OST alongside HCV

treatment [60,61].

Health systems and

regulatory frameworks

Prescriber-type restrictions for HCV treatment [62], and lack of access to transient elastography [54] may impact

on access to care [20]

Resourcing Resourcing limitations within countries are a function of drug prices (which vary substantially between countries),

epidemic size and available resources. In addition to funding of drugs, screening, health-systems and risk

reduction intervention costs also need to be considered.

Formal endorsement at

a country or regional level

While HCV elimination is recommended by the WHO, formal endorsement at a country or regional level varies

between countries.
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It is likely that appropriate strategies to improve linkage to
care and maintenance in care will differ by population group
regardless of whether they are HIV/HCV co-infected or HCV
monoinfected. For PWID, prior to the introduction of DAA ther-
apy, a meta-analysis of determinants of HCV treatment comple-
tion and efficacy in drug users found that addiction treatment
and support services during HCV therapy predicted treatment
completion, and the involvement of a multidisciplinary team pre-
dicted SVR [51]. A subsequent meta-analysis that included stud-
ies of drug-using and other populations found that coordinated
mental health, substance use and HCV treatment services had a
modest effect on treatment completion and SVR but not on
treatment uptake. The level of evidence was rated as very low
on the GRADE scale although that is partially due to the difficul-
ties of conducting blinded randomized controlled trials of these
interventions. The same meta-analysis failed to find any effect of
directly observed therapy on SVR [50]. Since the introduction of
DAAs, conference abstracts describing a range of models of
care for PWID including directly observed therapy [65,66],
addiction treatment and support services during HCV therapy
[67,68], support groups [65], integration of HCV treatment
clinic and harm reduction services [69], community-based clinic
conducting outreach at rehab clinics [70] have all reported high
levels of SVR in PWID with HCV mono-infection.
Four of the HCV elimination initiatives identified in this study

are implementing models of care targeting GBM. These involve
integrating HCV treatment with HIV care, and targeted risk
reduction strategies. Prevention of reinfection was highlighted
as an important component of HCV elimination efforts in HIV-
infected GBM in a mathematical model based on data from the
Swiss Cohort study. In light of empirical evidence of increases in
HCV-related risk behaviours in GBM being enrolled in the Swiss
Cohort Study, the model suggested that if the trend toward
increasing risk behaviours persist, high rates of reinfection will
mean that even very high treatment rates will not result in reduc-
tions in HCV incidence unless treatment is combined with beha-
vioural interventions to reduce risk behaviours after treatment
[71]. The HCVree study includes an RCT trialling a behavioural
intervention to prevent reinfection. Results are not yet available.
Prisoners are another complex population likely to require

targeted approaches for HCV elimination. More research is
required to understand strategies for linkage to care in this
context. In addition, indigenous peoples, heterosexuals infected
with HIV, and migrants from high prevalence HIV and HCV
countries are other groups that may also require targeted
approaches for linkage to care and maintenance in care. Fur-
ther research is also required to understand the impact on
HCV elimination strategies in HIV-infected populations of
reinfection following successful HCV treatment [72,73], trans-
mission of HCV between HIV infected and uninfected popula-
tions [74] and migration- and travel-related transmission of
HCV between countries [75]. Furthermore, randomized con-
trolled trials are needed to evaluate the efficacy of strategies
to enhance diagnosis, linkage to care and maintenance in care,
and risk reduction where feasible and ethical.
This study has a number of limitations. HCV elimination ini-

tiatives and studies in HIV-infected populations were not iden-
tified through a systematic search and the list presented here
is not exhaustive. As previously indicated data on treatment
linkage were all early data and represent different stages of
DAA treatment availability.

Early data from the DAA era suggest that HCV treatment
uptake has increased in HIV-infected populations compared to
previous levels, but there is still considerable work to do on the
pathway to HCV elimination in this population. This includes
efforts to quantify the numbers of undiagnosed infections, and
increase diagnosis rates and linkage to care. It is likely that different
strategies will be required for different populations including PWID,
GBM and prisoners among others. Among those who have been
treated with DAAs, treatment completion and treatment success
has been consistently high across a variety of settings.
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Abstract
Introduction: Worldwide, 71 million people are infected with hepatitis C virus (HCV), which, without treatment, can lead to
liver failure or hepatocellular carcinoma. HCV co-infection increases liver- and AIDS-related morbidity and mortality among
HIV-positive people, despite ART. A 12-week course of HCV direct-acting antivirals (DAAs) usually cures HCV – regardless of
HIV status. However, patents and high prices have created access barriers for people living with HCV, especially people who
inject drugs (PWID). Inadequate access to and coverage of harm reduction interventions feed the co-epidemics of HIV and
HCV; as a result, the highest prevalence of HCV is found among PWID, who face additional obstacles to treatment (including
stigma, discrimination and other structural barriers). The HIV epidemic occurred during globalization of intellectual property
rights, and highlighted the relationship between patents and the high prices that prevent access to medicines. Indian generic
manufacturers produced affordable generic HIV treatment, enabling global scale-up. Unlike HIV, donors have yet to step for-
ward to fund HCV programmes, although DAAs can be mass-produced at a low and sustainable cost. Unfortunately, although
voluntary licensing agreements between originators and generic manufacturers enable low-income (and some lower-middle
income countries) to buy generic versions of HIV and HCV medicines, most middle-income countries with large burdens of
HCV infection and HIV/HCV co-infection are excluded from these agreements. Our commentary presents tactics from the
HIV experience that treatment advocates can use to expand access to DAAs.
Discussion: A number of practical actions can help increase access to DAAs, including new research and development (R&D)
paradigms; compassionate use, named-patient and early access programmes; use of TRIPS flexibilities such as compulsory
licences and patent oppositions; and parallel importation via buyers’ clubs. Together, these approaches can increase access to
antiviral therapy for people living with HIV and viral hepatitis in low-, middle- and high-income settings.
Conclusions: The HIV example provides helpful parallels for addressing challenges to expanding access to HCV DAAs. HCV
treatment access – and harm reduction – should be massively scaled-up to meet the needs of PWID, and efforts should be
made to tackle stigma and discrimination, and stop criminalization of drug use and possession.

Keywords: human immunodeficiency virus; hepatitis C virus; co-infection; access; patent; low- and middle-income countries;
direct-acting antivirals; people who inject drugs
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1 | INTRODUCTION

Worldwide, an estimated 71 million people have chronic hepati-
tis C virus (HCV) infection; 2.3 million of them are HIV co-
infected [1]. The highest prevalence of HCV infection – 82% – is
found among HIV-infected people who inject drugs (PWID) [2].
HIV co-infection increases the risk for, and accelerates the rate
of hepatitis C disease progression, despite use of antiviral ther-
apy [3]. In turn, HCV co-infection more than doubles the mortal-
ity rate among HIV-positive people [4]. Lower survival in HIV/
HCV co-infected PWID is due in part to structural barriers,

such as criminalization; mandated drug treatment; [5] homeless-
ness; stigma and discrimination in healthcare settings; lack of
HIV education and support; provider concerns about adherence
and drug resistance; lack of linkage between HIV treatment
programmes and needle/syringe exchange programmes, and
competing survival priorities (linked to poverty and marginaliza-
tion) [6,7]. These factors, and others, have limited HCV treat-
ment access for PWID, such as the historical exclusion of PWID
from HCV clinical trials, which has led providers to withhold
HCV treatment, due to lack of evidence, fears about poor
adherence and concerns about post-treatment reinfection [8].
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Recently, a pair of DAA clinical trials in people who were
using and/or injecting drugs during HCV treatment reported
adherence and cure rates similar to non-users [9,10]. Guideli-
nes from the World Health Organization (WHO), the Ameri-
can Association for the Study of Liver Disease (AASLD)/
Infectious Diseases Society of America (IDSA), the European
Association for the Study of the Liver (EASL), and the Interna-
tional Network for Hepatitis in Substance Users (INHSU) [11-
14] now recommend treatment for PWID. Nonetheless,
regardless of their HIV status, PWID are less likely to be trea-
ted for HCV than non-injectors, often through policies that
increase discrimination in healthcare by restricting access to
DAAs based on recent drug use [15,16].
DAAs are still too expensive for individual patients and as

public health tools. Innovative approaches are needed to
address complex regulatory requirements, intellectual prop-
erty, and licensing agreements to improve access to affordable
DAAs.
Our commentary presents tactics drawn from the HIV

experience that treatment advocates can use to expand access
to DAAs in different settings, and ensure that marginalized
populations – including PWID – are not left behind. This is
essential if the world is to reach the targets set by the WHO
for elimination of hepatitis C as a public health concern by
2030 [17].

2 | DISCUSSION

2.1 | Access challenges

Affordable generic antiretrovirals (ARVs) for HIV treatment
have made it possible to scale-up HIV treatment access, but
geographic barriers and high prices limit access to DAAs. The
HCV epidemic is concentrated in middle-income countries
(MICs) [18], which will be home to the majority of HIV-posi-
tive people by 2020 [19]. However, global donors are reluc-
tant to support HCV programmes, and are reducing HIV
funding to these countries [20]. For example, the world’s high-
est prevalence of HIV/HCV co-infection is found in Eastern
Europe and Central Asia [2], a region that has been experienc-
ing the deepest Global Fund cuts (which may reach 40%–50%
in the coming years) [21].
Figure 1 shows some of the latest available pricing figures

for sofosbuvir/daclatasvir. The scarcity of published DAA

prices makes it difficult to assess price evolutions in different
settings. Nevertheless, the available data shows that generic
HCV treatment can be produced affordably, and sustainably. A
12-week course of sofosbuvir and daclatasvir, including profit,
could be sold for US $47 [22,30]. However, Cipla, Hetero and
Mylan in India – the main sources of WHO-prequalified gen-
eric ARVs – and several other generic manufacturers have
signed voluntary licenses for sofosbuvir with DAA originator
company Gilead Sciences (directly) and for daclatasvir (for
which the patent holder is Bristol-Myers Squibb) with the
Medicines Patent Pool. According to a 2003 WHO report on
cost-containment mechanisms for medicines, voluntary licenses
allow patent holders to “license to other parties, on an exclu-
sive or nonexclusive basis, the right to manufacture, import,
and/or distribute a pharmaceutical product”; they are “usually
made for strategic reasons (e.g. market entry) rather than as
price gestures and they may not entail any price reduction”
[24]. Although voluntary licenses improve access to affordable
generic medicines in some countries, most MICs are excluded
from these agreements (including China, Russia and Turkey, all
with more than 500,000 HCV cases [25]), which forces them
to pay high prices from originator companies. They also often
prevent generic manufacturers who sign these agreements
from selling to territories outside of the geographic scope of
the license – even if a patent is successfully challenged.
Although voluntary licenses signed with patent holders
directly may not be transparent, voluntary licenses signed
through the Medicines Patent Pool are transparent and pub-
lic-health-oriented. For example, the Medicines Patent Pool
license with Bristol-Myers Squibb for daclatasvir states that
“generic daclatasvir can be made in any country as long as it
is for sale in the countries covered by the agreement” [26].
Some generic manufacturers have decided not to sign volun-
tary licensing agreements (Pharco in Egypt, Beker in Algeria,
and Pharma5 in Morocco). Generic DAAs from Pharco and
Beker have demonstrated bio-equivalence [27], and Pharco is
expecting WHO prequalification shortly.
MICs may therefore need to pursue several strategies to pro-

vide access to DAAs, including use of legal tools to remove
patent barriers such as compulsory licenses (a legal mechanism
under Trade-Related Aspects of Intellectual Property Rights,
TRIPS, flexibilities that allow governments to produce or import
patented medicines without the patent holder’s permission, a
strategy used by Malaysia in 2017 [28]) and patent oppositions.
Low-income countries face different access challenges than
MICs [29]. Although they may be included in voluntary licenses
that allow them to purchase generic DAAs, their prices may still
be too high, and lack of access to high-priced HCV diagnostics
and limited infrastructure makes it challenging for these coun-
tries to bring HCV treatment to scale.

2.2 | New R&D paradigms to provide accessible
medicines

The Drugs for Neglected Diseases initiative (DNDi) has been
working with Pharco to develop an affordable, easy-to-use,
highly efficacious and safe oral pan-genotypic regimen, for a
public health approach, as part of a “test and cure” strategy
[31]. DNDi has taken a non-exclusive license on ravidasvir (an
investigational NS5A inhibitor), and intends to make it widely,
following successful clinical trials and regulatory approval,

Figure 1. Lowest prices of sofosbuvir/daclatasvir 12-week courses
in selected countries. Estimated: Minimum cost estimation for
large-scale production. Prices are from September 2017 and shown
in US$. Used with permission and adapted from Hill [30].
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available through sub-licenses to regional or local industrial
partners.

2.3 | Originator access programmes: compassionate
use, named-patient and early access

Compassionate use, named-patient, and early access pro-
grammes are not meant to address public health needs or
support elimination campaigns (although they are vital for
many individuals). Compassionate use programmes are initi-
ated to serve unmet medical needs while regulators are
reviewing dossiers; early access programmes provide medici-
nes during pricing negotiations (e.g. to prevent patients on the
verge of life-threatening liver disease situation from waiting).

Originators should offer compassionate use/early access
programmes during negotiations and in countries where they
have not sought marketing authorization and where there are
no generics available. They should also be encouraged to pro-
vide no-cost access for people with advanced liver disease liv-
ing in settings with access challenges.

2.4 | Using patent challenges to ensure access to
affordable generic medicines

Patent opposition is the process by which non-State actors
challenge the legality of a patent. Treatment advocates have
been opposing patents to secure access to affordable generic
medicines, including for HIV drugs (tenofovir disoproxil

Table 1. HCV DAAs patent oppositions. Adapted and updated from the World Community Advisory Board on HCV Generics and

Diagnostics [38]

Patent opposed

Patent international

publication number

Country or

region

National

publication

number

Opponent (civil

society only) Year Challenge status

Sofosbuvir (prodrug) WO2008121634 Argentina FGEP 2015 Under examination

China I-MAK 2015 Patent rejected in 2015,

appeal pending

Europe EP2203462 MDM 2015 Maintained in an amended

form; under appeal

India DNP+, I-MAK 2013 Under examination

Russia ITPCru 2015 Partially revoked (Appeal)

Thailand AAF 2016 Under examination

USA US7964580 I-MAK 2017 Filed

USA US 8735372 I-MAK 2017 Filed

USA US 8334270 I-MAK 2017 Filed

Sofosbuvir (base

compound/

molecule)

WO2005003147 Argentina FGEP 2017 Opposition filed

Brazil ABIA 2015 Opposition filed, preliminary

rejection by ANVISA, under

examination

China I-MAK 2017 Invalidation filed, case pending

Europe EP2604620 MDM 2017 Under examination

Europe EP2604620 MSF 2017 Under examination

Europe EP2604620 Consortium of six

European NGOs

2017 Under examination

India DNP+, I-MAK 2013 Refused first but granted later.

In the process of appeal

USA US7429572 I-MAK 2017 Filed

Sofosbuvir

(crystalline)

WO2011123645 USA US8633309 I-MAK 2017 Filed

USA US9284342 I-MAK 2017 Filed

Sofosbuvir

(polymorphs)

WO2011123645 India DNP+, I-MAK 2017 Under examination

Ukraine a201212444 AUN of PLWH, I-MAK 2015 Under examination

Sofosbuvir (process) WO2012012465 Ukraine a201301999 AUN of PLWH 2016 Rejected

Sofosbuvir/ledipasvir

(compound)

WO2013040492 A2 Ukraine a201403617 AUN of PLWH 2016 Under examination

Daclatasvir

(crystalline)

WO2009020828 India DNP+, I-MAK 2017 Under examination

Daclatasvir

(intermediate)

WO2008021927 India LC 2017 Under examination

Velpatasvir (base) WO2013075029 India DNP+, I-MAK 2017 Under examination
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fumarate’s patent was revoked in India in 2009) [32]. As
recently recommended by the United Nations Secretary-Gen-
eral’s High-Level Panel on Access to Medicines, countries
should make full use of public health safeguards contained in
the TRIPS agreement to ensure that patents and other intel-
lectual property restrictions do not prevent access to afford-
able medicines [23].
Patent opposition is a powerful tool for civil society to

oppose undeserved patents and secure access to affordable
generic medicines when governments are unwilling or unable
to do so. The profusion of patents covering a single medica-
tion and the absence of provisions for patent opposition in
certain countries may remain challenging for the use of patent
opposition as a public health tool. In addition, countries that
have introduced additional exclusivity protection (such as data
and market exclusivity) face delays in access to affordable gen-
eric drugs, even in the absence of patent protection.
Patents covering DAAs have been opposed by the Initiative

for Medicines, Access & Knowledge (I-MAK) and other civil
society organizations in Argentina, Brazil, China, India, Russia
and Ukraine [33], while HCV treatment rationing in high-
income countries led M�edecins du Monde (also known as
Doctors of the World) and others to oppose patents on HCV
medicines before the European patent office [34]. Patent
oppositions have already led to the rejection of key patents
on sofosbuvir in China and Ukraine [36], and to its substantial
weakening in Brazil and Europe [34]. Gilead Sciences has
appealed the decisions in India and Europe. Key patents on
sofosbuvir and daclatasvir have also been rejected by the
patent office in Egypt. Oppositions challenging patents cover-
ing daclatasvir and velpatasvir are under examination in India
[35,37]. Table 1 provides a list of HCV treatment patent
oppositions to date.

2.5 | Parallel importation via buyers’ clubs

Buyers’ clubs leverage the TRIPS flexibility outlined in Article
60 – De Minimus Imports, which states “Members may exclude
from the application of the above provisions small quantities of
goods of a non-commercial nature contained in travellers’

personal luggage or sent in small consignments” [39]. Most
countries allow personal medication importation, including
receiving a 3-month supply of medicine through the mail.
Reputable buyers’ clubs can help patients navigate the unfa-

miliar and potentially dangerous process of personal importa-
tion, operating as an advocate/agent to comply with laws
dictating that only pharmacists can sell medications, while the
patient remains the legal buyer and importer. Buyers’ clubs
provide government and insurers with breathing space and a
better negotiating position. In negotiations, delay and volume
restriction are the primary tools. Drug companies know that
the urgency to get medications to desperately ill patients
means that governments and insurers simply cannot hold out
indefinitely - and will eventually capitulate to public pressure.
In countries where Buyers’ clubs operate effectively (including
in Australia, New Zealand, Italy, Switzerland), advantageous
price negotiations for DAAs were finalized rapidly.

3 | CONCLUSIONS

The DAA era presents a fantastic opportunity to eliminate
HCV – but low- and middle-income countries, and PWID in
particular, are being left behind, without access to HCV-
related information, prevention and treatment. Indeed, despite
being essential to reach the WHO targets for HCV elimina-
tion, expanding access to DAAs will need to be matched by
efforts to address the structural barriers faced by PWID: sys-
temic and structural discrimination, stigma and human rights
violations [16].
The progress made around access to antiretroviral therapy

for HIV provides helpful parallels when confronted with chal-
lenges for expanding access to DAAs for HCV treatment.
HIV/HCV co-infection may represent a natural starting point
for scaling up HCV treatment coverage, especially for PWID.
Although lessons from HIV advocacy give us an understanding
of the key pressure points to increase access to HCV antivi-
rals (the DAAs) and eliminate HCV as a public health threat,
achieving this victory will be impossible until PWID can access
HCV prevention, care and treatment. This is particularly

Table 2. Treatment advocate tactics to expand access to antiviral therapy

Tactics Pros and cons

New R&D paradigms + Potentially very effective globally

� Depending on large financial resources, high-level scientific and clinical expertise and subject to

a timeline of multiple years

Patent oppositions + Potentially very effective at the national or global level

� Depending on legal expertise and subject to a timeline of multiple years

Advocacy for the use of compulsory licenses + Potentially very effective at the national or global level

� Depending on government action and strong political commitment

Parallel importation via buyers’ clubs + Fully legal and relatively simple approach that can increase access to patients locally,

while helping countries negotiate lower prices at the national level

� Limited impact (relatively small number of people directly getting access through this approach)

Originator access programmes + Relatively easy to negotiate, taking advantage of drug originators corporate responsibility efforts

and importance of public relations

� Limited impact (relatively small number of people getting access through this approach)
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important in Eastern Europe and Central Asia, where there
are dramatic donor funding cuts, high HIV/HCV co-infection
rates, and historically repressive drug policies. Drug policy
reform, the fulfilment of human rights and the creation of
non-criminalizing environments are critical enablers for any
comprehensive attempt to address and reverse the twin epi-
demics of HIV and HCV among the community of PWID.
DAAs can be mass-produced at a low and sustainable cost.

Unfortunately, although voluntary licensing agreements enable
low-income (and some lower-middle income countries) to buy
generic versions of HIV and HCV medicines, most middle-
income countries with large burdens of HCV and HIV/HCV
co-infection are excluded from these agreements, and there-
fore face higher prices. A number of practical actions can help
increase access to DAAs in low-, middle-, and high-income
countries. The tactics presented in our commentary are sum-
marized in Table 2. Together, they can contribute to increas-
ing access to antiviral therapy for HIV and HCV in low- to
high-income settings.
Unfortunately, the repressive laws that criminalize PWID

continue to interfere with the treatment and harm reduction
programmes that are essential to their health. These pro-
grammes are fully effective only when they operate in a sup-
portive legal environment, where PWID know that they will
not face police harassment or arrest. Stigma and discrimina-
tion within the medical community, including concerns about
poor adherence, reinfection, and the lack of treatment settings
adapted to the needs of PWID create additional barriers to
treatment among PWID. Investment into the development of
a medicine called “antistigmavir” may need to accompany
expanded access to DAAs.
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Abstract
Introduction: The introduction of drugs targeting the virus replication cycle has revolutionized treatment of chronic hepatitis
C virus. These drugs, called direct-acting antivirals, have brought about extremely high rates of virological cure and have
increased the number of patients who can receive treatment due to the lack of absolute contraindications. A combination of
different classes of direct-acting antivirals is the current standard of care. Although treatment administration and monitoring
has been simplified in recent years, it is still relatively complex and mostly in the hands of specialists. Several factors must be
assessed before starting treatment to maximize efficacy and minimize side effects of treatment. In this review, we describe
the factors that impact on the efficacy and safety of antiviral treatment for hepatitis C and provide clear recommendations for
clinicians prescribing direct-acting antivirals.
Methods: We reviewed literature to define best practice, based on factors associated with treatment efficacy and safety data
to recommend treatment options, baseline and on-treatment assessments. The review included searches in PubMed, and the
abstracts presented at the International Liver Congress TM and The Liver Meeting TM between January 2013 and September
2017.
Results: Clinical features that must be assessed before starting treatment include virological factors, such as hepatitis C virus
genotype, HIV and hepatitis B coinfection and host factors, such as concomitant medications, liver disease stage and renal
function.
Conclusions: Patients who start antiviral treatment for chronic hepatitis C require a thorough clinical evaluation. There is a
need for assessing factors that impact on the treatment schedule and duration or affect the pharmacokinetics of direct-acting
antivirals.
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1 | INTRODUCTION

Treatment of chronic hepatitis C virus (HCV) has been revolu-
tionized by the introduction of drugs, called direct-acting
antivirals (DAAs) [1,2], which target the virus replication cycle.
These drugs target key steps in HCV replication: polyprotein
cleavage by the NS3 protease (protease inhibitors, PIs); HCV
RNA strain synthesis (NS5B polymerase inhibitors of two
sorts; nucleoside analogues, NA, and non-nucleosides); and
stabilization of the replication complex and viral release
(NS5A inhibitors) [3,4]. A combination of different classes of
DAAs is essential to obtain viral replication suppression and
ultimately viral clearance.
Sustained virological response, defined as serum HCV RNA

below the limit of detection 12 weeks after the end of ther-
apy (SVR 12), is the goal of treatment. SVR 12 is a marker of

virological and clinical cure as patients who reach this end-
point show decreased mortality and improved quality of life
[5]. Until 2013, treatment of HCV was based on pegylated
interferon, a drug that was introduced in 1986 and achieved
SVR rates in the 50% range while also being associated with
significant side effects [5]. Currently, SVR 12 rates in the 90%
to 95% range are achievable in most patient populations [5,6].
While DAAs have greatly simplified the management of

patients with chronic HCV infection, treatment of HCV is still
relatively complex and mostly in the hands of specialists [7].
Although economic considerations are at least in part respon-
sible for this restriction, there are still factors that modify the
efficacy and safety of DAAs; these must be assessed before
staring treatment. The therapeutic drug development process
in HCV has been completed, and the only possible improve-
ments to currently available DAAs will be in the form of
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optimization of treatment in groups where there are still gaps
in knowledge. It is therefore important that knowledge around
DAA-based HCV treatment is widely disseminated while we
move towards simplification of pre-, on- and post-treatment
monitoring and make treatments available widely outside of
specialist care. In this review article, we will summarize the
current knowledge on what clinicians should assess before,
during and after DAA-based therapy [8,9].

2 | METHODS

We conducted a PubMed search looking for articles assessing
factors associated with DAA treatment efficacy and safety,
restricted to articles published between January 2013 and
September 2017. We also analysed the abstracts presented at
the International Liver CongressTM and The Liver MeetingTM.
We used permutations of the following search terms “Hepati-
tis C treatment” “Direct Acting Antivirals” “Complications”
“Monitoring” and “HIV.” We restricted the search to abstracts/
articles published in English.

3 | RESULTS

3.1 | Pre-treatment assessment

Before starting DAA therapy in patients with HCV infection,
pre-treatment assessment should be aimed at determining
factors that modify the safety and the efficacy of DAAs [5].
Factors that are known modifiers of efficacy and safety
include: HCV genotype; liver disease severity; comorbid condi-
tions that include coinfection with HBV, HIV and renal impair-
ment; and concomitant medications. These factors determine
the optimal treatment choice at the individual level (Figure 1
and Table 1).

3.2 | HCV genotype determination

HCV circulates in seven different genotypes worldwide [10].
HCV genotype does not play a major role as a modifier of the

natural course of the disease, but has a dramatic influence on
the efficacy of pegylated interferon-based regimens [5]. Not
all DAAs are affected in the same way by HCV genotype as
some are pangenotypic while others are restricted in efficacy
to specific HCV genotypes. Moreover, in patients with HCV
genotype 1 infection, there is a need for subtyping. This is
because subtype 1a, with a lower barrier to genotypic resis-
tance with first- and second-generation PIs, requires extended
treatment duration and/or the addition of ribavirin with the
combination of grazoprevir/elbasvir, or use of sofosbuvir/ledi-
pasvir or ritonavir-boosted paritaprevir/ombitasvir plus
dasabuvir [5,9].
The arrival of the next-generation potent DAA combinations

with pangenotypic activity – sofosbuvir/velpatasvir (SOF/VEL),
glecaprevir/pibrentasvir (G/P) and sofosbuvir/velpatasvir/voxi-
laprevir (SOF/VEL/VOX) – limits the need for HCV genotyping
and subtyping. However, before abandoning HCV genotyping,
we should bear in mind that access to pangenotypic regimens
is not universal and optimal treatment schedules with G/P,
SOF/VEL and SOF/VEL/VOX still varies according to HCV
genotype [9]. With these three pangenotypic regimens, there
is certainly a need for identifying genotype 3 HCV (G3)
patients. G/P requires 16 weeks of treatment in G3 patients
who have failed a previous course of treatment, while SOF/
VEL requires the addition of ribavirin in G3 treatment-experi-
enced patients and cirrhotic patients [5,9].
SOF/VEL/VOX is less impacted by HCV genotype, as

12 weeks of treatment with this regimen are able to achieve
>95% SVR rates independently from HCV genotype, previous
DAA failure or fibrosis stage [9] However, identifying patients
with G3 infection is important since a short treatment dura-
tion of 8 weeks is sufficient in G3 treatment-na€ıve patients
with cirrhosis [9].
The European Association for the Study of the Liver (EASL)

recommends: “Genotyping/subtyping should be performed
with an assay that accurately discriminates subtype 1a from
1b, i.e. an assay using the sequence of the 50untranslated
region plus a portion of another genomic region, generally the
core-coding or the NS5B-coding regions.” [5]. Other tests
based on assessment of only one region of the HCV genome
have been shown to be less accurate for the identification of
genotype 1 subtype and thus should not be routinely per-
formed if a DAA that is subtype susceptible must be used [5].

3.3 | Disease severity

Identifying patients with cirrhosis or advanced fibrosis affects
the choice of the treatment regimen and the post-treatment
prognosis, as well as the post-treatment follow-up schedule
[5]. In the past, assessment of disease severity was based on
histological fibrosis staging by liver biopsy; this procedure is
now unnecessary due to the risk of serious side effects, as
well as the development of accurate non-invasive methods.
Considerable evidence supports the use of non-invasive meth-
ods as first-line modality for liver disease staging [11]. Liver
stiffness measurement can assess liver fibrosis and the pres-
ence of portal hypertension in patients with chronic hepatitis
C if consideration is given to factors that may adversely affect
its performance, such as obesity, fasting status, other causes
of liver disease and alanine aminotransferase (ALT) values
[11].

Treatment 
selection

Prior treatment 
experience

HCV genotype/
subtype

Severity of 
liver disease

Patient 
co-morbidities

HBV/HIV 
coinfection

Drug-drug 
interactions

Figure 1. Pre-treatment variables that must be assessed before
starting DAA therapy.
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Transient elastography values <10 KPa can rule out the pres-
ence of advanced fibrosis and values >12.5 to 14 KPa are sug-
gestive of the presence of advanced fibrosis/cirrhosis.
Screening for oesophageal varices is recommended in patients
with elastography values >20 KPa and/or platelet count
<150,000 lL [12]. Transient elastography is reproducible and
has a high level of acceptability by patients, but is still not read-
ily available worldwide and requires investment in expensive
equipment and trained operators. In resource-limited settings,
or where transient elastography is not available, World Health
Organization (WHO) guidelines for HCV management [13] rec-
ommend using serum tests, such as the APRI, or FIB4 scores,
which measure indirect markers of fibrosis, for example, ALT,
aspartate aminotransferase (AST) and platelet count to assess
fibrosis stage. All non-invasive methods to assess fibrosis stage
must be performed before starting treatment. Their interpreta-
tion following achievement of an SVR can be tricky as, for exam-
ple, early post-treatment reduction in liver stiffness may reflect
resolution of liver inflammation [14] and could lead to misclassi-
fication of patients with advanced disease.
In patients with cirrhosis, precise definition of liver function

to assess the prognosis of the disease is mandatory. The
Child-Pugh-Turcotte score (CPT), which requires measurement
of five clinical and laboratory variables (prothrombin time;

albumin values; presence and degree of encephalopathy; pres-
ence and degree of ascites; and bilirubin levels), should be
performed before the start of any DAA treatment. The CPT
score divides patients into 3 classes: A when the score is 5 or
6, B when the score is 7 to 9, and C when it is 10 to 15. In
patients with CPT A5, all DAAs can be safely administered. By
contrast, in patients with CPT B and C, any DAA regimen that
includes a NS3 protease inhibitor must be avoided because
PIs are extensively metabolized in the liver by the CYP3A4
family of enzymes. Thus, in the presence of impaired liver
function (CPT B and C) a >100 fold increase in the serum
levels of PIs can be seen. The use of PIs in patients with CPT
B and C class has resulted in cases of further liver function
deterioration, hepatic decompensation and death [5,9]. No
firm recommendation can be given in patients with CPT A6,
where PIs appear to be safe. However, given that these
patients might be unstable and CPT class might transition
rapidly from A to B, it is our opinion that PIs should not be
the preferred option in this group of patients.

3.4 | Renal function

From a pathophysiological point of view, there is a direct link
between chronic HCV infection and kidney impairment [15].

Table 1. Interpretation of pre-treatment assessment in DAA candidates

Variable Test Interpretation

HCV genotype Commercial assay using the sequence of the

50untranslated region plus a portion of another genomic

region, generally the core-coding or the NS5B-coding

regions

Choose DAA regimen for specific HCV genotype following

international guidelines

Disease stage Transient elastography

APRI:

[{AST (IU/L)/AST_ULN (IU/L)} 9 100]/ platelet count

(109/L)

FIB-4: age (yr) 9 AST(IU/L)/platelet count (109/

L 9 [ALT(IU/L)1/2]

Liver biopsy

Cirrhosis: Plan surveillance schedule and assess complete

liver function.

Choose DAA regimen schedule based on fibrosis stage.

Liver function Child-Pugh-Turcotte Score (Albumin, INR, Bilirubin, Ascites,

encephalopathy)

CPT = A6 Prefer DAAs not including protease inhibitors.

CPT >A6 Protease inhibitors must be avoided

Kidney function Assess eGFR (Ckd-Epi, Cockcroft-Gault formula, MDRD) eGFR <30 ml/min/m2 avoid sofosbuvir-based regimens.

Concomitant medications Assess comorbidities and concomitant medications (focus

on immunosuppressant, cardiovascular and lipid-lowering

drugs).

Warnings for PPIs and HIV medications

Check international guidelines and www.hep-druginterac

tions.org

HBV status HBsAg, Anti-HBs, Anti-HBc.

If HBsAg + check HBV DNA, HBeAg and anti-HBeAg

(1) HBsAg negative, anti-HBc positive: Monitor and test

for HBV reactivation in case of ALT elevation (check

every 4 weeks).

(2) HbsAg-positive patients fulfilling the standard criteria

for HBV treatment should receive treatment following

international guidelines.

(3) HBsAg-positive patients not meeting HBV treatment

criteria should be considered for concomitant nucleos

(t)ide analogue prophylaxis until week 12 post DAA,

and monitored closely.
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Not only can HCV lead to the development of cryoglobuline-
mic glomerulonephritis, but it can also cause kidney impair-
ment due to direct inflammation. Moreover, diabetes is more
prevalent in HCV patients due to a direct link between viral
infection and development of insulin resistance [15].
Overall, HCV infection is associated with a 43% increase in

the risk of developing chronic kidney disease (CKD) [15]. Kid-
ney function can be measured easily by calculating the esti-
mated glomerular filtration rate in ml/min (eGFR). With
respect to DAAs, it is mandatory to identify those patients
with a CKD stage 4-5, i.e., eGFR <30 mL/min/1.73 m2, as
sofosbuvir should be used with caution in this subgroup [5].
Indeed, approximately 80% of sofosbuvir is renally excreted.
The majority of the sofosbuvir dose recovered in urine is the
dephosphorylation-derived nucleoside metabolite GS-331007
(78%), while 3.5% is recovered as sofosbuvir. Renal clearance
is the major elimination pathway for GS-331007 with a large
part actively secreted [5]. Based on these findings, the current
EASL recommendations for the treatment of HCV state that
“no sofosbuvir dose recommendation can be given for patients
with severe renal impairment (eGFR <30 mL/min/1.73 m2) or
with end-stage renal disease due to higher exposures (up to
20-fold) of GS-331007”. This limitation currently affects only a
small group of people (0.3% of the general population), but
still accounts for a significant knowledge gap in patients who
have previously failed a PI-containing DAA regimen where the
optimal retreatment option is the combination of SOF/VEL/
VOX [9].
Preliminary real-life data where sofosbuvir was given to

patients with CKD stage 4-5 have provided conflicting results
with most not showing an increased rate of side effects [16].
However, in the Target report by Saxena and colleagues, the
CKD stage 4-5 patients who received sofosbuvir-based regi-
mens showed a 30% rate of eGFR deterioration and an 18%
incidence of serious adverse events, which were both statisti-
cally higher than that observed in patients with preserved kid-
ney function [17]. For this reason, caution is warranted in
using sofosbuvir in CKD stage 4-5 patients, and a thorough
risk/benefit analysis should be performed before contemplat-
ing use [5,9,18].
For DAA-na€ıve patients with CKD stage 4-5, DAA regimens

not based on NS5B polymerase inhibitors, such as paritapre-
vir/ombitasvir/dasabuvir, grazoprevir/elbasvir and glecaprevir/
pibrentasvir, are the preferred treatment options that have
proven safety and efficacy in phase III clinical trials, as well as
in real-life cohorts [9]. The only drawback is that these regi-
mens include a PI, which is unsafe and not recommended for
patients with decompensated cirrhosis. An HCV patient with
stage 4-5 CKD and decompensated liver disease is potentially
untreatable with this option. Instead, if indicated, kidney and
liver transplantation should be prioritized.

3.5 | Hepatitis B virus coinfection

Although HCV and HBV share ways of transmission, coinfec-
tion with both viruses is generally rare. Epidemiological stud-
ies report a prevalence of HBV/HCV coinfection in the 0.2%
to 1.9% range, with higher rates in Eastern Asia [19]. From a
clinical standpoint, HBV/HCV coinfection is associated with
faster disease progression, higher rates of liver cancer and
reduced survival. Most HBV/HCV-coinfected patients will

show active HCV replication with related liver damage and a
concomitant HBeAg negative chronic hepatitis state (HBsAg
positivity, HBeAg negative, HBV DNA <2000 IU/mL and lack
of HBV-induced liver damage) [20-22]. This is the direct con-
sequence of negative reciprocal interaction between HBV and
HCV replication. Several reports in the pegylated interferon
era showed that achievement of an SVR could derange this
balance leading to HBV reactivation once HCV was cleared
[19,20,23].
The same was reported in HBV/HCV-coinfected patients

receiving DAAs. Following the first FDA warning of 29
reported cases of HBV reactivation in DAA post-marketing
analysis, several large cohort studies (but not all) have
reported cases of reactivation in HBV/HCV-coinfected
patients receiving DAAs with similar incidence to that
reported with pegylated interferon-based treatments [24].
From 377 HBV/HCV-coinfected patients, Belperio and col-
leagues reported HBV reactivation in eight patients (2%) [25].
Similarly, in a large systematic analysis of 1185 patients, the
cumulative incidence of HBV reactivation was 14.1% in
HBsAg-positive patients treated with DAAs [26].
Most importantly there is a need to assess the risk of reac-

tivation in patients with isolated anti-HBc serological profile
(HBsAg negative, anti-HBc positive), which represent more
than 1 billion people worldwide [19]. Current evidence does
not show a major risk of reactivation in patients with positive
HBc antibodies, with the few cases reported in the literature
being biased by confounding factors, such as HIV coinfection,
concomitant use of immunosuppressive therapy or concomi-
tant extra-hepatic malignancies [19,27].
Therefore, all patients starting DAAs need to be evaluated

for HBV coinfection (HBsAg, anti-HBs, anti-HBc). For HBsAg-
positive patients, definition of disease state is essential to
understand the need for anti-HBV treatment.
The most recent EASL HBV clinical practice guidelines state

that [19]:

(1) Patients fulfilling the standard criteria for HBV treatment
should receive anti-HBV active nucleoside analogue (NA)
treatment.

(2) HBsAg-positive patients undergoing DAA therapy should
be considered for concomitant anti-HBV NA prophylaxis
until week 12 post DAA, and monitored closely.

(3) HBsAg-negative, anti-HBc-positive patients undergoing
DAA should be monitored (ALT testing every 2 to
4 weeks) and tested for HBV reactivation in case of ALT
elevation.

3.6 | HIV/HCV coinfection

Since HIV and HCV share the same routes of transmission,
HIV/HCV coinfection is not uncommon [28]. Although use of
combination antiretroviral therapy ameliorates some of the
risk of accelerated hepatic fibrosis and clinical decompensa-
tion, this does not revert back to the levels seen in HCV
monoinfected patients [29]. This led to calls for wide access to
anti-HCV therapy, even though the response rates following
conventional interferon-based therapy were lower in coin-
fected patients than in HCV-monoinfected patients [30]. DAA-
based therapy has changed this as registration trials and real-
life cohorts suggest that HCV clearance rates are equivalent
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among HIV/HCV-coinfected individuals and HCV monoin-
fected patients [31].
For all these reasons, access by HIV/HCV-coinfected

patients to all DAA therapy has been prioritized in many coun-
tries, whatever these patients’ fibrosis stage. There are, how-
ever a number of important drug-drug interaction
considerations to take into account before choosing an appro-
priate DAA regimen; this applies not only to antiretroviral
therapy, but also to frequently prescribed co-medications for
the management of multiple comorbidities in this group of
patients [5,9,32]. Important drug-drug interactions may not
just be related to cytochrome P450 isoenzymes, but are also
associated with a myriad of drug-transporter proteins in the
gastrointestinal tract, liver and the kidneys [32].
Indeed, interactions via renal drug transporters with DAAs,

such as ledipasvir or velpatasvir, may increase the risk of renal
impairment when combined with tenofovir DF [5,9].

3.7 | Drug-drug interactions

Numerous and complex drug-drug interactions (DDIs) are pos-
sible with the HCV DAAs [33]. Once taken orally, DAAs must
be absorbed and enter the blood circulation, a process regu-
lated by gastric pH and gut transporters. Most of the DAAs
will then be metabolized in the liver by the cytochrome P450
family of enzymes and then excreted either in the bile or by
the kidney [5]. DAAs can be excreted from enterocytes to the
gut lumen or from hepatocytes into the biliary system by pro-
teins, such as P-glycoprotein 1 (P-GP1) or breast cancer-resis-
tance protein (BCRP). These proteins and the gastric pH, as
well as enzymes from the cytochrome P450 family, can be
induced or inhibited by other concomitant drugs that the
patients might be taking. Therefore, the potential for drug-
drug interactions is present in all patients planned for
treatment with DAAs. This requires a thorough DDI risk
assessment prior to starting therapy and before starting other
medications during treatment. Data on potential DDIs can be
found on the prescribing information for each DAA; a useful
Internet resource is www.hep-druginteractions.org, where rec-
ommendations are regularly updated.
An exact list of all DDIs is beyond the scope of this review.

However, clinicians should be aware of potential DDIs with
anti-HIV drugs, as we have highlighted. Similarly, commonly
prescribed drugs, such as proton pump inhibitors (PPIs), might
lower the efficacy of some DAAs. PPIs may be associated with
reduced efficacy of sofosbuvir/ledipasvir [34]. Velpatasvir is
also impacted by gastric pH; for this reason, PPIs should be
taken four hours after velapatsvir [5,9]. Other groups of
patients that require careful evaluation of DDIs due to high
risk of clinically significant interactions are recipients of organ
transplantation and patients taking antiarrhythmic and/or anti-
platelets and/or lipid-lowering medications [5,9].
However, DDIs are rarely a reason for not starting DAA

treatment since therapeutic alternatives are usually possible
and given the short duration of DAA-based therapy for HCV,
many DDIs can be overcome or circumvented.

3.8 | On-treatment monitoring

Treatment monitoring is aimed at assessing efficacy, safety
and DDIs. Treatment monitoring was key during pegylated

interferon-based regimens as rules for treatment duration
and treatment stopping were defined by HCV RNA on treat-
ment kinetics, and haematological and systemic side effects
were common [35]. Given the high SVR rates achieved with
DAA combinations and the current lack of a response guided
treatment algorithm, monitoring of DAA treatment efficacy
can be achieved by measuring HCV RNA at baseline and
12 weeks after the end of therapy to assess SVR12 [5,36].
In all cases, HCV RNA testing should be performed with a
real-time PCR-based assay with a lower limit of detection of
≤15 IU/mL [5].
Monitoring for side effects is also of little to no practical

use as new DAA regimens are generally well tolerated with
less than 1% of patients discontinuing treatment for side
effects or reporting serious adverse events [5,9]. However,
monthly assessment of liver function status is necessary in
patients with advanced liver disease. Kidney function should
also be assessed monthly in patients with CKD stage 4-5 who
receive sofosbuvir-based regimens, and regular haematological
blood tests (every 4 weeks) should be done in patients who
receive ribavirin.

3.9 | Monitoring of patients who achieved an SVR

The achievement of an SVR 12 is the definition of cure as
persistent and lifelong HCV RNA undetectability is maintained
in 99.3% of patients [37]. Whether SVR patients need to be
maintained on regular liver follow up is determined by the
pre-treatment fibrosis stage (advanced fibrosis/cirrhosis vs.
mild/moderate fibrosis) and/or the presence of comorbidities
known to have an impact on disease progression rates and
HCC development (diabetes, alcohol abuse, overweight, other
causes of liver diseases) [5,9]. Non-cirrhotic patients who
achieve an SVR should be retested for HCV RNA at 48 weeks
post-treatment and if HCV RNA remains undetectable, then
there is no need for further follow up [5]. Non-cirrhotic
patients with comorbidities known to influence the residual
risk of liver cancer or known to cause liver damage should
remain under regular follow up with annual blood tests and
liver ultrasound.
Cirrhotic patients who achieve an SVR have been shown to

have comparable survival rates to the general population
matched by age and sex. However, there is a residual risk of
HCC development (0.3%-1% yearly incidence), which is influ-
enced by age and presence of decompensated cirrhosis [38-
40]. Thus, patients with advanced fibrosis (METAVIR score
F3) or pre-existing cirrhosis and an SVR should remain under
surveillance for HCC every 6 months by ultrasound and for
oesophageal varices by endoscopy if varices were present at
pre-treatment endoscopy. The duration of HCC surveillance in
these patients with advanced fibrosis or cirrhosis who achieve
an SVR is indefinite [5].
In HIV-HCV-coinfected patients successfully treated with

DAAs, considering the potential residual higher risk of pro-
gression and the lack of specific data in this population, there
is still a need for close follow up following HCV cure. Another
potential risk is reinfection due to persistent risk behaviour.
Reported rates of reinfection following successful HCV treat-
ment among patients at high risk are estimated at between
1% and 5% per year, higher particularly in men who have sex
with men practicing “chemsex” [41]. Thus the ease of
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Interferon free therapy may increase the likelihood of reinfec-
tion. In order to maximize the benefit of therapy, the risks of
reinfection should be emphasized to patients at risk, and
behavioural modifications should be positively reinforced. HCV
RNA should be closely monitored in patients with continued
risk practices (for example, ongoing intravenous drug using,
“chemsex” and mucousal-traumatic sexual practices).

4 | CONCLUSIONS

The era of DAAs has revolutionized HCV therapy, with the
vast majority of patients having access to treatment
expected to be cured of HCV infection. Recently approved
DAA combinations herald a new paradigm of shortened-dura-
tion pan-genotypic regimens. A number of factors pre-ther-
apy still determine optimal regimens, duration of therapy, the
need for additional ribavirin and on-treatment monitoring for
toxicity, but this may not be required in the future as we
move towards pan-genotypic regimens. As treatments get
easier in terms of adverse effects, and shorter, on-treatment
monitoring will also diminish for the vast majority of
patients.
There is already a study underway to assess response with-

out the need for on-treatment monitoring and clinic visits for
non-cirrhotic patients (SMART-C study ClinicalTrials.gov Iden-
tifier: NCT03117569).
Economic considerations should also not impair access to

these treatments for all patients infected with HCV. Future
emphasis will be identifying all these patients with HCV,
increasing and facilitating access to therapy, to achieve the
WHO goals to reduce incidence of new HCV infections by
90% and mortality by 65% by 2030.
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Abstract
Introduction: The World Health Organization targets for hepatitis C virus (HCV) elimination include a 90% reduction in new
infections by 2030. Our objective is to review the modelling evidence and cost data surrounding feasibility of HCV elimination
among people living with HIV (PLWH), and identify likely components for elimination. We also discuss the real-world experi-
ence of HCV direct acting antiviral (DAA) scale-up and elimination efforts in the Netherlands.
Methods: We review modelling evidence of what intervention scale-up is required to achieve WHO HCV elimination targets
among HIV-infected (HIV+) people who inject drugs (PWID) and men who have sex with men (MSM), review cost-effective-
ness of HCV therapy among PLWH and discuss economic implications of elimination. We additionally use the real-world expe-
rience of DAA scale-up in the Netherlands to illustrate the promise and potential challenges of HCV elimination strategies in
MSM. Finally, we summarize key components of the HCV elimination response among PWLH.
Results and discussion: Modelling indicates HCV elimination among HIV+ MSM and PWID is potentially achievable but
requires combination treatment and either harm reduction or behavioural risk reductions. Preliminary modelling indicates elim-
ination among HIV+ PWID will require elimination efforts among PWID more broadly. Treatment for PLWH and high-risk pop-
ulations (PWID and MSM) is cost-effective in high-income countries, but costs of DAAs remain a barrier to scale-up
worldwide despite the potential low production price ($50 per 12 week course). In the Netherlands, universal DAA availability
led to rapid uptake among HIV+ MSM in 2015/16, and a 50% reduction in acute HCV incidence among HIV+ MSM from
2014 to 2016 was observed. In addition to HCV treatment, elimination among PLWH globally also likely requires regular HCV
testing, development of low-cost accurate HCV diagnostics, reduced costs of DAA therapy, broad treatment access without
restrictions, close monitoring for HCV reinfection and retreatment, and harm reduction and/or behavioural interventions.
Conclusions: Achieving WHO HCV Elimination targets is potentially achievable among HIV-infected populations. Among HIV+
PWID, it likely requires HCV treatment scale-up combined with harm reduction for both HIV+ and HIV- populations. Among
HIV+ MSM, elimination likely requires both HCV treatment and behaviour risk reduction among the HIV+ MSM population,
the latter of which to date has not been observed. Lower HCV diagnostic and treatment costs will be key to ensuring scale-up
of HCV testing and treatment without restriction, enabling elimination.
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1 | INTRODUCTION

Viral hepatitis was the seventh leading cause of death world-
wide in 2013, increasing from the tenth leading cause in 2010
[1]. The vast majority of morbidity and mortality attributable
to viral hepatitis is due to hepatitis C virus (HCV) and hepati-
tis B Virus (HBV). In response to this increasing public health
challenge, the World Health Organization recently released
targets for HBV and HCV elimination by 2030 (see Table 1)
[2]. Elimination is traditionally defined as a reduction to zero
in the incidence of disease in a specific population or geo-
graphical location, with continued prevention efforts required
to prevent the re-establishment of transmission [3]. Given this

strict definition of elimination would require substantial eco-
nomic and political resources and could be unattainable in
most settings, the goal of “elimination” is often flexibly defined.
The recent WHO elimination “as a public health threat” tar-
gets are comprised of a 90% relative reduction in new infec-
tions and a 65% relative reduction in hepatitis-related
mortality by 2030.
Hence, to achieve the WHO incidence elimination targets,

efforts must focus on both prevention of disease and preven-
tion of transmission. The advent of highly effective HCV direct
acting antiviral (DAA) therapy, with sustained viral response
(SVR) exceeding 90% in both HCV monoinfected and HIV/
HCV coinfected populations [4-8] has renewed optimism that
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substantial reductions or elimination of end stage liver disease
and HCV-related mortality is a possibility. The widespread use
of HIV antiretroviral treatment for prevention has also led to
speculation that HCV treatment could also be used for pre-
vention. In addition, among people who inject drugs (PWID), a
key risk group for HCV, harm reduction interventions such as
opiate substitution therapy (OST) and needle and syringe pro-
grams (NSP) have been the traditional backbone of HCV pre-
vention. A recent Cochrane systematic review [9] found that
OST reduces risk of HCV acquisition by 50% (risk ratio 0.50
95% CI 0.40 to 0.63) and combined with high coverage of
NSP results in a 71% reduction in the risk of HCV acquisition
(Risk Ratio = 0.29 95% CI = 0.13 to 0.65).
The WHO strategy does not include discussion relating to

elimination of viral hepatitis among HIV-infected populations
specifically. Yet, because of the shared transmission routes
many people living with HIV (PLWH) are coinfected with viral
hepatitis. Globally, approximately 6.2% (3.4% to 11.9%) of
PLWH are coinfected with HCV, equating to approximately
2.28 million (IQR 1.27 to 4.42) HIV/HCV coinfected individu-
als [10]. Indeed, PLWH are six times more likely to be infected
with HCV compared to those not infected with HIV. The bur-
den of HIV-HCV coinfection is particularly high among high-
risk groups such as men who have sex with men (MSM) and
PWID. Among HIV-infected individuals worldwide, it has been
estimated that 2.4% (IQR 0.8 to 5.8) are coinfected with HCV
within general population samples, yet this rises to 6.4% (3.2
to 10.0) in MSM, and 82.4% (55.2 to 88.5) in PWID [10].
As such, to achieve the WHO HCV elimination incidence

reduction target among PWLH it is crucial to tackle transmis-
sion among HIV-infected MSM and PWID. However, although
the prevention interventions required to eliminate HCV

globally will be equally applicable to coinfected populations,
the intervention level required and targeting may be different
based on specific epidemic characteristics.
The objective of this paper is to review the modelling and

cost evidence surrounding feasibility of HCV elimination
among HIV-infected (HIV+) key populations such as MSM and
PWID and identify the likely components required for HCV
elimination among PLWH. We use the real world experience
of HCV DAA scale-up in the Netherlands through the Dutch
Acute HCV in HIV Studies to illustrate the promise and
potential challenges of HCV elimination strategies in a key
population (MSM).

2 | METHODS

This analysis is comprised of four parts: (i) A review of the
theoretical mathematical modelling literature examining what
prevention and treatment scale-up is required for HCV elimi-
nation among HIV-infected PWID and HIV-infected MSM pop-
ulations. (ii) A review of the cost-effectiveness of HCV
treatment for HIV-infected populations and discussion of cost
considerations for elimination. (iii) A discussion of the real-
world experience of HCV DAA scale-up among HIV+ MSM in
the Netherlands (iv) A summary of probable and possible com-
ponents of the HCV elimination response among PWLH.

3 | RESULTS AND DISCUSSION

3.1 | Modelling the scale-up needed for HCV
elimination among HIV-infected populations

3.1.1 | HIV-infected PWID

Numerous burden of disease models have shown that existing
or modestly increased levels of treatment targeted at individu-
als with more advanced liver disease can achieve the WHO
HCV mortality target (65% reduction by 2030) in a variety of
global settings. For example, a regional European Union model
showed that HCV treatment only need to increase from
150,000 patients in 2015 to 187,000 patients in 2025 to
achieve the mortality elimination target [11]. A separate multi-
country analysis including some resource limited settings
found that achieving the WHO HCV mortality target in Hun-
gary, Indonesia, Lebanon, Pakistan and Romania is unlikely to
be achieved with existing screening/treatment programs, but
could be achieved with scaled-up screening and treatment
[12]. These models of disease progression are particularly
valuable in identifying the level and targeting of treatment
required to reduce HCV mortality, but because they do not
mechanistically incorporate disease transmission are unable to
shed light on what is required to achieve the WHO incidence
elimination target.
A wide body of literature since 2011 has utilized epidemic

modelling to explore what level of prevention scale-up could
result in control and elimination among PWID, and whether
HCV treatment could be used for prevention. Several initial
modelling studies in the UK and general PWID populations of
varying prevalences have indicated that harm reduction alone
is unlikely to achieve HCV elimination among PWID popula-
tions [13,14]. Subsequent studies have explored the potential

Table 1. WHO hepatitis elimination goals: impact and service

coverage targets [2]

WHO TARGET BY 2030

Impact Targets

Incidence: New cases of

chronic HBV and HCV

90% relative reduction

Mortality: HBV and HCV deaths 65% relative reduction

Service Coverage Targets

HBV childhood vaccination coverage 90%

HBV birth dose vaccination coverage

or other PMTCT initiative

90%

Screening of blood donations 100%

Safe injections: % of injections

administered with safety engineered

devices in and out of health facilities

90%

Harm reduction: number of sterile

needles and syringes provided per

person who inject drugs per year

300

HBV and HCV diagnosis 90%

HBV and HCV treatment 80% of persons with

chronic infection treated

PMTCT, prevention of mother to child transmission.
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of HCV treatment as prevention among PWID populations in
a range of settings including North America, Europe, Asia and
Australia [13,15-20]. Broadly speaking, these studies have
generally found that scale up of HCV treatment to rates to
below 100 per 1000 PWID annually, particularly in combina-
tion with harm reduction [13,16,21], can reduce HCV inci-
dence by 90% by 2030 across a wide range of settings.
Results have been consistent between high and low income
settings examined, such as Vietnam [20].
In addition, modelling studies have pointed to several key

additional elements which are required for achieving elimina-
tion among PWID: One Australian study highlighted the need
for enhanced HCV screening among PWID in order to sustain
HCV treatment rates required for elimination, a situation
which is likely applicable to many global settings [22]. In addi-
tion, a modelling study in the rural U.S. emphasized the impor-
tance of retreatment of reinfection in achieving elimination
targets [21]. As such, elimination strategies likely require regu-
lar testing [22], HCV treatment [13,15-20], harm reduction
[13,16,21] and retreatment of reinfections [21].
Despite several studies modelling HIV and HCV coinfection

transmission among PWID [23,24], to our knowledge as of
2017 no published study has explored what is required for
HCV elimination among HIV-infected PWID in particular. Pre-
liminary modelling presented at a recent international confer-
ence indicated that HCV treatment targeted at HIV-infected
PWID in Andalusia, Spain would not achieve elimination
among this population due to continued risk of HCV transmis-
sion from HIV-negative PWID populations [25]. Therefore,
more generally, because the burden of HCV is high among
HIV-uninfected PWID populations, and as HIV-infected PWID
populations are likely to mix with HIV-uninfected PWID popu-
lations, elimination among HIV-infected PWID is probably only
achievable if combination HCV prevention efforts are targeted
both HIV+ and HIV- PWID populations.

3.1.2 | HIV-infected MSM

An HCV epidemic among HIV-infected MSM has been
observed in the United States, Western Europe, Australia, Tai-
wan, Hong Kong and Japan, with HCV incidence and preva-
lence among HIV-infected MSM substantially higher than the
HIV-uninfected MSM population [26,27]. A growing number
of modelling studies since 2015 have explored what level of
intervention (treatment and/or risk reduction) is required to
eliminate HCV among HIV-infected MSM populations [28-31].
To date, these studies have focused exclusively on Western
European settings (UK, Switzerland, Berlin and the Nether-
lands), and no studies have explored resource limited settings,
in part because of the lack of epidemiological data on HCV
epidemics among HIV+ MSM in these settings. However, the
specific epidemic characteristics between the modelled set-
tings has varied. One unifying characteristic is the relatively
low rates of primary incidence among HIV+ MSM (1 to 2 per
100 person-years [26,32]) compared to PWID populations but
high rates of reinfection (2 to 10 fold that of primary inci-
dence [33-35]). Together these could pose a challenge for
elimination efforts, where a relative reduction in 90% would
translate to very low targets (0.1 to 0.2/100 person-years)
which could be particularly hampered by high rates of reinfec-
tion. Nevertheless, the absolute numbers of HCV-HIV

coinfected MSM are small, most diagnosed HIV+ MSM are
linked to care in high-income settings where HCV epidemics
among HIV+ MSM have been documented [36-38] so HCV
elimination may be particularly feasible in this group.
As with PWID, modelling indicates the level of intervention

required among HIV+ MSM to achieve the WHO elimination
targets varies by epidemiological setting, particularly given
substantial variation in incidence trends. For example, among
HIV+ MSM incidence of HCV over the past decade has
remained relatively stable in the UK and the Netherlands. In
the UK, a modelling study indicated that scaled-up rates of
DAA therapy (from 46% to 80% treated within a year of diag-
nosis and from 7%/year to 20%/year thereafter) could reduce
incidence among HIV+ MSM over 60% by 2030, but could
not meet elimination targets [28]. Elimination targets could be
reached when all those diagnosed receive treatment within
1 year of diagnosis, or if treatment scale-up is combined with
a behavioural risk reduction [25].
In contrast, HCV incidence among HIV+ MSM has steadily

increased over the past decade in Switzerland and Germany.
In Switzerland, this has occurred alongside an increase in self-
reported risk behaviour (unprotected anal intercourse). A
recent modelling study in Switzerland projected that if these
trends continue, elimination (or even reductions in HCV inci-
dence) could not be achieved through HCV treatment alone,
and requires additional reduction in high-risk behaviour (per-
haps through behavioural interventions) [29]. Preliminary mod-
elling in Berlin supports the Swiss findings. Germany is a
unique setting in that universal access for DAAs has been
available since 2014, and as such relatively high-treatment
rates (>80% HIV+ MSM treated after their acute diagnosis)
have been achieved. However, the continued increase in HCV
incidence among HIV+ MSM in Berlin and Germany overall
(from 0.33/100 person-years in 1996 to 1999 to 2.28/
100 person-years in 2008 to 2012 in Germany [39]) and high
levels of reinfection (7 to 8 per 100 person-years [33]) mean
that elimination by 2030 likely requires both further scale-up
of HCV treatment and reductions in high-risk behaviour [31].
Finally, preliminary modelling in the Netherlands indicated

immediate treatment of all diagnosed HIV+ MSM with DAAs
could only result in moderate reductions in HCV incidence
among HIV+ MSM (approximately 30% within 15 years), but
not reach WHO elimination targets [30]. However, the real-
world observation of a halving of HCV incidence among HIV+
MSM from 2014 to 2016 with expansion of DAA therapy as
described below has raised excitement about the potential for
elimination via treatment as prevention among HIV+ MSM in
the Netherlands, described later in this paper.

3.2 | Cost and cost-effectiveness implications of
HCV testing and treatment scale-up for elimination
among HIV-infected populations

There is a wide body of evidence that HCV treatment is cost-
effective for HIV-infected populations, including HIV+ MSM
with a risk of reinfection, [40-44] in high-income settings such
as the United States and the UK. In addition, as mentioned
previously, achieving HCV elimination among key risk groups
such as HIV+ PWID, may require targeting the broader PWID
population. Numerous economic evaluations have shown that
HCV treatment is cost-effective for PWID populations in high-
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income settings [45-53] despite the potential risk of reinfec-
tion and higher mortality rates among PWID populations.
Indeed, economic evaluations indicate treating PWID with an
ongoing risk of transmission may accrue substantial economic
benefits through prevention of transmission. In addition, an
economic analysis in Australia found that HCV treatment
scale-up to achieve the WHO targets among PWID was cost-
effective [15]. Unfortunately, no cost-effectiveness studies for
HIV-infected populations or PWID have been performed in
resource limited settings. However, economic analyses have
shown that DAA therapy for the general population is cost-
effective India [54] and Egypt [55,56] where generic or low
cost DAAs are available.
Despite the evidence HCV treatment is cost-effective, the

high costs of HCV treatment [57] (>$75,000 per 12 week
treatment course for sofosbuvir+daclatasvir in the US and
UK) remain a major barrier to HCV treatment scale-up. Prices
vary widely depending on country and income status [57], and
prices of innovator and generic medicines have fallen, but nev-
ertheless remain prohibitively high for widespread scale-up in
developed and developing countries alike.
Unfortunately, the high costs of HCV treatment have so far

resulted in prioritization of HCV therapy (or restrictions on
insurance reimbursement) even in developed countries
[58,59]. In these settings, patients with more advanced liver
disease and those coinfected with HIV have traditionally been
prioritized for early treatment. Although this type of strategy
will be effective in preventing HCV-related morbidity and
mortality among PWLH, it undermines elimination efforts as
PLWH will remain at risk of being infected or reinfected with
HCV from individuals who remain untreated and are at risk of
transmitting. For example, PWID with a risk of transmission
tend to be younger with less advanced liver disease, and
therefore prioritization strategies targeting individuals with
advanced liver disease may fail to prevent the substantial
amount of transmission from this group [60]. This is despite
economic assessments indicating that treatment scale-up
among PWID at or below the level required for elimination is
cost-effective in settings like Australia, the UK and Nether-
lands [15,60,61]. In addition, models indicate early treatment
for PWID is cost-effective compared to delay until cirrhosis,
and may be more cost-effective than early treatment for
those with no ongoing risk in settings with low-moderate (20/
40%) HCV prevalence among PWID due to substantial pre-
vention benefits of early treatment of PWID [60]. Unfortu-
nately, no economic evaluations have assessed whether
scaled-up treatment to achieve HCV elimination among PWID
is cost-effective in resource-limited settings.
However, although HCV therapy is likely cost-effective, the

high costs per treatment results in a substantial budgetary
impact in countries with a large HCV infected populations.
This has resulted in HCV treatment restrictions even in
resource rich countries in the U.S. and Europe [58,59]. Indeed,
HCV treatment coverage is still low globally [62]. A recent
analysis estimated that the percentage of people with HCV
who were treated with DAAs in 2016 ranged from 8.1% in
North America and North Africa/Middle East to 0.1% in sub-
Saharan Africa [63]. Among 91 countries analyzed, 47 coun-
tries had more new HCV infections than individuals who
achieved cure through HCV treatment in 2016 [63], indicating
that these countries are failing to turn off the tap of new

infections with treatment. Nevertheless, some countries are
achieving very high-treatment rates among specific sub-popu-
lations, such as among HIV+ MSM in the Netherlands, dis-
cussed in the next section.
Promisingly, HCV DAA therapies could be produced as

generics at a fraction of the current costs [64], particularly
from within a country such as India due to its sizeable generic
industry and low production costs. A recent analysis estimated
the costs of generic HCV DAA production based on the costs
of their active pharmaceutical ingredients. This analysis found
that the combination treatment sofosbuvir and daclatasvir has
an estimated generic cost of $50 to 72 per 12-week course
with a 10% to 50% profit margin (Hill A, unpublished results).
In addition, even the costs of HCV diagnosis and monitoring

remain prohibitive in many developing countries [65]. For
example, in India, generic HCV treatments are available for at
or below $300 per treatment course, yet HCV antibody and
RNA testing costs an estimated $17 and $108, respectively
[66]. In addition, with current treatment monitoring as sug-
gested by the Indian national guidelines [67] (every 4 weeks
with RNA tests at week 0, 12, and SVR12) the cost of treat-
ment delivery could easily far exceed that of HCV treatment.
Finally, in many settings additional financing will be required

to build the capacity of health services for diagnosis and treat-
ment of HCV. However, the economic implications of this
health systems strengthening (in terms of increased personnel,
training, infrastructure, etc.) has not been estimated. It is pos-
sible that integration of HCV testing and treatment within
HIV services will prove to be an effective and cost-effective
approach [68,69].

3.3 | HCV elimination among HIV-infected MSM in
the real world: Dutch experience

In the Netherlands, surveillance data indicate that among
PLWH, the vast majority of acute HCV infection diagnoses
occur among MSM [70]. In this section, we detail the Dutch
experience of HCV direct-acting antiviral (DAA) scale-up and
impact on acute HCV incidence and HCV prevalence among
HIV+ MSM.
HIV and HCV care is well-organized in the Netherlands. All

patients diagnosed with HIV are cared for by a team of infec-
tious diseases physicians and specially trained HIV nurses in
26 treatment centres spread across the country. Screening for
chronic HCV is universal at entry into HIV care and more
than 99% of the HIV-infected patients in care in the Nether-
lands have been tested for HCV at least once [71]. Screening
for incident HCV infections in MSM is performed by testing
ALT (followed by HCV testing when a new ALT elevation is
observed) twice a year. HCV/HIV coinfected MSM visit the
HIV outpatient clinic at least twice a year. HCV infections can
be treated by the infectious diseases physician so no referral
to a hepatologist is needed. Facilitated by specially trained on-
site data collectors, detailed clinical and laboratory data from
consenting patients (98%) are registered in a central database,
comprising the AIDS Therapy Evaluation in the Netherlands
(ATHENA) cohort. In addition, two prospective acute HCV
treatment studies among HIV+ individuals have occurred
(Dutch Acute HCV in HIV Studies, DAHHS1 (from 2013 to
2014) and DAHHS2 (2016-ongoing)) [72,73] in 17 centres
providing care for 75% of the Dutch HIV+ MSM population.
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In the Netherlands, DAAs were available from September
2014 for HCV-infected patients with significant liver fibrosis
or cirrhosis, and October 2015 regardless of fibrosis stage.
This led to a very rapid uptake of HCV therapy among HIV+
MSM in the ATHENA cohort, with 79% attaining SVR just
14 months after restrictions were lifted [74] and a substantial
decrease in the pool of HCV RNA positive HIV-infected MSM
in care in the Netherlands. Indeed, while in 2015 4.1% (450
of 11070) of the HIV+ MSM in care were HCV RNA+, this
decreased to 1.5% (176 of 11749) by the end of 2016. As of
May 2017, less than 150 HCV infected HIV+ MSM remain to
be treated. With only 1.5% of the HIV+ MSM population cur-
rently remaining HCV infected, HCV elimination may become
a reality. However, the residual group of infected patients is
likely a more difficult to reach sub-group, and the risk of rein-
fection among HIV-positive MSM is high [33,34,75,76].
The data described above demonstrate that a very rapid

decline in the prevalence of HCV can be achieved in a well-
organized healthcare system of a resource rich country.
However, to achieve HCV elimination according to the WHO
targets, the incidence of new HCV infections needs to
decrease by 90% by 2030 [2]. We obtained data from the
DAHHS studies to compare the incidence of acute HCV infec-
tions in the first year after universal DAA availability (2016)
with the last year before DAA became available (2014). From
2014 to 2016, a 51% decrease in acute HCV infections was
observed [77]. Furthermore, this decrease contrasted with a
significant increase in the percentage of positive syphilis
(+2.2%) and gonorrhoea (+2.85%) tests in HIV-positive MSM
observed at STD clinics across the country [78-80], indicating
that the reduction in HCV was unlikely to be due to beha-
vioural risk reduction.
While the substantial reduction in HCV incidence among

HIV+ MSM observed after widespread scale-up of HCV treat-
ment in the Netherlands is reason for optimism, an observa-
tional study cannot prove a causal relationship. Further
modelling work will be required to disentangle the estimated
impact of HCV treatment as prevention initiatives among
HIV+ MSM in the Netherlands, and coverage required for
elimination. We consider it unlikely that HCV treatment as
prevention alone will result in a 90% reduction in the inci-
dence of HCV (the WHO target) among HIV+ MSM in the
Netherlands, and discuss additional steps likely required in the
following section. Indeed, no further decline in the HCV inci-
dence has been observed in 2017 so far [81]. In addition, we
note that the Dutch experience is a specific example within a
resource-rich country with well-coordinated HIV and HCV
care. Whether the experience in the Netherlands will translate
to other resource-limited settings requires further study.

3.4 | Probable and possible components required
to achieve HCV elimination among PLWH

In summary, despite the promise of HCV elimination using
HCV treatment as prevention from both theoretical modelling
studies and real-world observations in the Netherlands,
numerous probable and possible barriers exist which could
hamper HCV elimination efforts among PLWH (Table 2). As
such, the following components are likely an important part of
the HCV elimination response among PWLH (based on proba-
ble barriers):

1 Regular HCV testing of high-risk populations, both HIV+
and HIV-: Among HIV+ PWID, modelling indicates that
elimination likely requires elimination efforts among the
broader PWID population [25], yet worldwide an estimated
80% of HCV-infected individuals remain undiagnosed [62],
a situation which may be worse among PWID. For example,
in India only an estimated 5% of HCV-infected PWID are
diagnosed [82]. Consequently, the treatment scale-up
required for elimination among PWID likely requires
enhanced testing among both HIV+ and HIV- PWID [22].
Among HIV+ MSM, modelling indicates that regular testing
of HIV+ MSM is also likely required for elimination. Testing
of other MSM populations is described below under possi-
ble barriers.

2 Development of low cost, simple, reliable and accurate
HCV diagnostics. Even in low-income countries with low
cost DAAs, the price of HCV diagnostics remains a barrier
[65]. In addition, the currently available diagnostic products
are complex, many which require a cold chain and/or show
poor accuracy among HIV-infected individuals [83].

3 Reduced costs for DAA treatment. Despite the availability
of generic and low-cost DAAs in some resource limited set-
tings, costs of DAA therapy in the vast majority of coun-
tries remains a barrier to widespread scale-up of HCV
treatment [57,84,85]. Greater market transparency and
price negotiations are required [84].

4 Broad access to HCV treatment without restrictions: Mod-
elling studies indicate that restricting treatment for those
with more advanced fibrosis and/or by drug use status, as
is occurring in many settings [58,59], will likely have limited
impact on preventing transmission among PWID popula-
tions [86], the vast majority who are younger with less
advanced disease. In settings where HCV epidemics are
predominantly PWID-driven, broad access to HCV treat-
ment regardless of disease stage is therefore required for
HCV elimination. Even in settings with substantial general
population transmission, it is likely that restricting treat-
ment for more advanced disease stages will mean that sub-
stantially more treatments are required to achieve
elimination [87].

5 Close monitoring for reinfection and retreatment of rein-
fections: Treating those at risk of transmission, the target
group for HCV treatment as prevention efforts, will result
in reinfections. Among PWID, lower rates of reinfection
compared to primary infection were reported in the IFN-
era [88], and reinfection rates among PWID on OST in
DAA trials have been low (<3 per 100 person-years) [89].
However, modelling in a rural expanding epidemic setting in
the United States indicates achieving the WHO elimination
incidence target among PWID requires retreatment of
reinfections [21]. Among HIV+ MSM, European studies
indicate high incidence of HCV reinfection in HIV+ MSM (2
to 10 fold that of primary infection rates) in both the IFN-
era [33,34,76] and DAA era [75]. As modelling studies have
shown that more frequent testing for HCV and earlier initi-
ation of HCV treatment could reduce the HCV epidemic
among HIV-positive MSM [31,90] and given that those
previously infected with HCV are a particularly high risk
sub-population for transmission, reducing the time from
reinfection to retreatment is important. This could be
achieved by increasing the frequency of HCV reinfection
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screening and may require out of the box diagnostic strate-
gies like a home-based diagnostic approach in which the
patient collects dried blot spots that are sent to the lab for
HCV RNA or antigen testing.

6 Harm reduction and other behavioural interventions to pre-
vent infection/reinfection: Despite the importance of harm
reduction such as OST and needle and syringe programs
for preventing HCV infection among PWID [9], access to
these interventions in many settings is poor, particularly in
many resource limited settings [91]. Scale-up of harm
reduction, as recommended by the WHO [2], is crucial. In
addition, among HIV+ MSM, effective behavioural interven-
tions to prevent HCV infection are urgently required, as
modelling from several settings indicates elimination of
HCV in this population without effective behavioural inter-
vention will be unlikely [28,29,31]. Unfortunately, there is a
lack of robust evidence surrounding the efficacy of beha-
vioural change interventions targeting HCV risk among
HIV+ MSM. It is possible that some interventions devel-
oped to prevent HIV transmission among MSM may also
be effective against HCV, particularly those targeting
unprotected anal intercourse [29,92]. There is an emerging
body of literature examining the development of educa-
tional and counselling interventions targeted at MSM who
engage in ChemSex [93-95], which may reduce the risk of
acquiring HCV among this population. Further research is
needed examining the development, acceptability, and effi-
cacy of culturally sensitive behavioural change interventions
for preventing HCV infection.

In addition, the following items would address possible barri-
ers to elimination and therefore may be required for elimina-
tion among PWLH. We note that further evidence is required
to support whether these items are necessary components of
an elimination response:

1 Testing among HIV-negative MSM receiving HIV pre-expo-
sure prophylaxis (PrEP): There is growing evidence of HCV
infection among HIV-negative MSM receiving PrEP, a
group which could contribute to HCV transmission to
HIV+ MSM. In Amsterdam, the prevalence of chronic HCV
among HIV-negative MSM in a PrEP implementation pro-
gramme was 4% (15/375), comparable to the prevalence
of 4.2% in HIV+ MSM [96]. In Antwerp, Belgium, HCV
prevalence among HIV-negative MSM at the start of a
PrEP project was 2%, and several new HCV infections
were diagnosed during follow-up in these PrEP users (Rijn-
ders B, personal communication). The extent to which HIV-
negative MSM (particularly on PrEP) contribute or will
contribute to the HCV epidemic among HIV+ MSM in
unclear, but increased epidemiological surveillance will shed
light on the burden of disease in this group and help
understand their potential importance to the HIV+ MSM
epidemic.

2 Coordinated multi-country prevention and treatment effort:
Among HIV+ PWID, the contribution of cross-border trans-
mission and import/export of infections to the epidemic is
unclear. Among HIV+ MSM, the highly connected nature of
the HCV epidemic among HIV+ MSM in Western Europe
and frequent travel of MSM between European cities has
been documented [97,98]. Therefore, at least in Europe,
local elimination of HCV among HIV+ MSM may require
coordinated multi-country efforts.

3 Licensing for treatment in the acute stage: Currently none
of the approved DAA regimens are licensed for the treat-
ment of acute HCV. Depending on the regional legisla-
tions, this may result in a compulsory “wait for
documented chronicity” policy and thus increase the dura-
tion of time for onwards HCV transmissions to occur. HIV
modelling studies have highlighted the importance of the
acute HIV stage on the HIV epidemic [99]. However, the
importance of acute HCV infection in relation to the HCV
epidemic among PLWH is unclear and further research is
needed to determine to what degree and in what popula-
tions early treatment is required for achieving elimination
targets.

4 Monitor if transmission of HCV clones with acquired DAA
resistance occurs: It was recently shown that the HCV
Q80K polymorphism, associated with DAA resistance, is
frequently detected and transmitted among HIV+ MSM in
the Netherlands [100]. As relapse with documented DAA
resistance is rare, the chance of a patient developing �and
transmitting acquired DAA resistance is theoretically small
and as far as we know has only been described in the con-
text of treatment with a first generation protease inhibitor
[101]. As such, further research is needed to ascertain the
importance of resistance in the DAA era.

4 | CONCLUSIONS

Both theoretical modelling studies and emerging real world
evidence from the Netherlands indicate that HCV elimination
among HIV-infected key populations such as MSM and
PWID is potentially achievable. Due to a number of factors,
elimination of HCV among HIV+ MSM may be complex; and
require both high coverage HCV treatment and behavioural

Table 2. Barriers to HCV elimination among PLWH

Probable barriers to HCV elimination among PLWH:
� Low levels of diagnosis in many settings and risk populations [62]

� Lack of availability of low cost, simple, reliable and accurate HCV

diagnostics for LMIC settings [65,83]

� High costs of DAA treatment [57]

� Restrictions on DAA accessibility by fibrosis stage and drug use

status [58,59]

� Low levels of harm reduction availability for PWID in many

settings [91]

� High reinfection incidence among HIV+ MSM [33,34,75,76]

� Lack of evidence-based interventions to reduce HCV infection

among HIV+ MSM

Possible additional barriers:

� Transmission of HCV from HIV uninfected MSM, such as those

on PrEP

� Spread of HCV clones with acquired DAA resistance [100]

� Lack of licensing for HCV treatment in the acute stage

� Cross border transmission of HCV, particularly among HIV+ MSM

[97,98] and between countries with different levels of DAA

availability
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interventions. Elimination among HIV+ PWID will likely
require elimination efforts among PWID more broadly. In
addition to HCV treatment as prevention initiatives, elimina-
tion among PLWH also likely requires regular HCV testing,
development of low-cost accurate HCV diagnostics, reduced
costs of DAA therapy, broad treatment access without
restrictions, close monitoring for HCV reinfection and
retreatment, and harm reduction and/or behavioural inter-
ventions.
Finally, we note that the vast majority of existing research

is limited to high-income settings, and more research is
required relating to HCV elimination among PLWH in
resource limited settings. For example, more modelling work
is needed to assess what scale-up is required for HCV elimi-
nation among PLWH populations in resource- limited settings
where transmission routes may vary and the HCV epidemics
among HIV-infected populations may differ. Many developing
countries have high burdens of injecting drug use as well as
high HCV among HIV-infected PWID [10,102]. Yet, their risks
may be different from high-income settings. For example, an
increasing number of analyses are focusing on HCV elimina-
tion among the general population in low or middle-income
country settings such as Georgia and Pakistan [87,103], which
have shown that even in settings with high numbers of PWID,
transmission may be highly disseminated, with PWID experi-
encing risk both from injecting drug use and the broader
community through iatrogenic transmission. Hence, the
requirements for elimination in these settings where PWID
experience multiple risks may be different than in other set-
tings. In addition, data are lacking on HCV among MSM in
resource-limited settings, and as such the magnitude of the
problem and requirements for elimination are unclear. In addi-
tion to differences in epidemic characteristics, clearly eco-
nomic considerations across resource-limited countries will
vary substantially, and as such the requirements for achieving
HCV elimination among PWLH in these resource limited set-
tings requires further study.
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Abstract
Introduction: The World Health Organization has aimed for global elimination of both hepatitis B virus (HBV) and hepatitis C
virus (HCV) by 2030. Treatments available to cure HCV and control HBV, as well as vaccination to prevent HBV infection,
have certainly allowed for such bold goals, yet the final steps to usher in elimination require further evidence.
Discussion: We broadly discuss the needs for three major public health approaches. First, an effective vaccine exists for HBV
and mass-vaccination campaigns have resulted in decreases in hepatitis B surface antigen seroprevalence and overall rates of
liver-related morality. Still, HBV vaccination coverage is poor in certain regions of the world, while the reasons for such low cover-
age require further study. A prophylactic vaccine is probably needed to eliminate HCV, but is not being readily developed. Second,
identifying HBV/HCV infected individuals remains a priority to increase awareness of disease status, particularly for key popula-
tions. Research evaluating large-scale implementation of novel, rapid and mobile point-of-care tests would be helpful to determine
whether increased awareness is achievable in these settings. Third, antiviral therapy allows for strong HBV suppression and HCV
cure, while its access depends on financial factors among many others. Although there is strong evidence to treat key populations
and specific groups with progressed disease, as stated in current guidelines, the advantages of extending treatment eligibility to
decrease onward spread of HBV/HCV infection and prevent further burden of disease are lacking “real world” evidence. Novel
anti-HBV treatments are being developed to target intrahepatocellular HBV replication, but are still in the early phases of clinical
development. Each of the strategies mentioned above has specific implications for HIV infection.
Conclusions: There are certainly effective tools to combat the spread of viral hepatitis and treat infected individuals – yet
how they are able to reach key populations, and the infrastructure required to do so, continue to represent the largest
research gap when evaluating the progress towards elimination. Continuously adapted and informed research is required to
establish the priorities in achieving elimination goals.
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1 | INTRODUCTION

The 2015 update of the Global Burden of Diseases study has
ranked chronic viral hepatitis and its underlying conditions,
such as cirrhosis and liver cancer, among the top 20 causes of
death, steeply increasing from 1990 to 2015 [1]. Neverthe-
less, an extensive array of tools is available to combat hepati-
tis B virus (HBV) and hepatitis C virus (HCV). HBV
vaccination is effective at preventing infection. Individuals with
chronic HBV-infection are able to reduce circulating HBV with
almost no risk of developing resistance when using the potent
nucleoside/nucleotide analogues (NA) entecavir, tenofovir diso-
proxil fumarate (TDF), or the more recent tenofovir alafe-
namide [2]. Novel direct-acting antivirals (DAAs) have allowed
for short-term and effective treatment against HCV and are
known to induce high rates of sustained virological response
(SVR) [3].
With these effective means at hand, the World Health

Organization (WHO) has aimed to achieve global elimination

of both infections by 2030. However, elimination implies
strengthening existing tools – more efficient screening policies,
wider access to care and management of liver disease, and
antiviral agents that ultimately halt the virus. In this commen-
tary, we broadly highlight some recent advances, and room for
improvement, in three public health strategies geared towards
HBV and HCV elimination that also include HIV coinfected
individuals: vaccination, testing and treatment.

2 | DISCUSSION

2.1 | Preventing ongoing transmission

With an effective HBV vaccine, many large-scale vaccination
campaigns have been able to dramatically change the spec-
trum of liver-associated disease. For instance, widespread vac-
cination in China has led to substantial decreases in incident
HBV infections and the prevalence of hepatitis B surface anti-
gen (HBsAg)-positive serology [4]. Moreover, recent data from
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Taiwan have confirmed that immunization in infants reduces
the risk of hepatocellular carcinoma (HCC) during adulthood
[5]. Worldwide three-dose HBV vaccine coverage has
increased to 84% [6], yet a considerable proportion of the glo-
bal population could still benefit from vaccination [7]. Under-
standing the logistic, financial, and cultural constraints to
vaccine access would help further the use of this highly-effec-
tive, preventative measure.
Timely birth-dose vaccination (<24 hours after birth) among

infants born to HBsAg-positive mothers has shown to prevent
mother-to-child transmission. Birth-dose coverage is unfortu-
nately lagging at <40% for many countries, with the lowest
coverage in Africa at 10% [6]. As one-fifth of infants vacci-
nated at birth and born to hepatitis B “e” antigen (HBeAg)
positive mothers become infected [8], this strategy requires
further improvement. Treating highly viraemic mothers with
TDF has been explored as a strategy to decrease transmission
rates. However, these studies have been limited to mostly Asia
[9] and further evaluation is needed in other regions with
higher liver disease burden, such as Africa.
No prophylactic vaccine is available for HCV infection, while

the virus’ genetic variability and capacity to escape host
immune responses make vaccine development a formidable
challenge [10,11]. Recent findings on the viral envelope struc-
ture and innovative experimental animal models have uncov-
ered new opportunities for HCV vaccine research [12].
Nevertheless, there is ongoing debate whether HCV vaccina-
tion would even be useful towards elimination. Significant
reduction in HCV incidence could be incurred from wide-
spread access to DAA in key populations [13], yet this “treat-
ment-as-prevention” (TasP) approach has only been evaluated
with models strongly dependent on HCV baseline prevalence,
treatment coverage, transmission network structure, harm
reduction uptake and post-treatment changes in behaviour
[14,15]. “Real-world” evaluations could test the accuracy of
these assumptions. Models of TasP have also demonstrated
cost-effectiveness among key populations [16]. It remains
unknown if TasP is still cost-effective for other countries,
especially those without voluntary licence agreements, where
current DAA prices are prohibitive. Existing models have indi-
cated that a vaccine, even if partially effective, could reduce
HCV incidence at a lower cost than TasP [17,18] and without
requiring specialized care.

2.2 | Identifying undiagnosed infection

2.2.1 | Infection unawareness

A targeted testing approach is not explicitly recommended for
HBV [19], with the broad exception of testing all those “who
do not know their status” [6], but is recommended for HCV
based on risk or birth cohort [20]. HIV infection is also identi-
fied as a risk factor due to shared routes of transmission
[21,22]. With this in mind, the 2017 WHO Global Hepatitis
Report estimated that an alarming 91% of HBsAg-positive and
80% of HCV-positive individuals were unaware of their infec-
tion [6]. These estimates are considerably higher than the
roughly 30% of HIV-infected individuals unaware of their
infection [23]. Most undiagnosed cases of HBV and HCV in
high-income countries (HIC) belong to marginalized groups
not covered by conventional screening programmes [20].

Undiagnosed cases in low- to middle-income countries (LMIC)
are also found in these key populations, but the greater prob-
lem lies in limited centralized diagnostic facilities, cost of test-
ing, lacking public education and awareness, and need for
skilled health professionals [24,25]. Improving general under-
standing of viral hepatitis and its health consequences are also
central to increasing disease awareness and could be
addressed via public health campaigns [26].

2.2.2 | Novel rapid-testing techniques

Despite the paucity of studies in LMIC, data support the cost-
effectiveness of HBV testing in key populations (i.e. migrants)
for HIC and in general for low-income countries with high
HBsAg-positive seroprevalence [7]. Developing easy to use
and affordable screening tools would allow a considerable
scale-up in testing. Transportable in size and straightforward
in use, point-of-care (POC) systems could widen testing avail-
ability and specificity have been validated in both HIC and
LMIC [27]. Anti-hepatitis B surface and anti-hepatitis B core
antibody status are also needed to determine HBV infection
phase; however, rapid tests detecting these antibodies are
either lacking or inadequate [27,28].
PCR is the gold standard approach to evaluate viral replica-

tion. HCV RNA and HBV-DNA are not often assessed due to
high costs, heavy burden in human resources, which then
restrains their availability [7]. Some less-costly molecular
assays that could be easier to implement in LMIC are being
developed, including a new semi-quantitative real-time PCR
approach able to discriminate samples with HBV DNA levels
above or below the clinically-relevant threshold of 2000 IU/ml
[29]. However, field validation must be performed before con-
cluding their usefulness in resource-limited settings. POC
assays could extend viral load testing and increase those
aware of having active HCV-infection. The stringent technical
requirements to quantify HCV RNA offer little leeway for an
inexpensive, portable POC test that must also be resistant to
extreme environmental conditions and have a turnaround time
of <1 hour. Systems have been developed, such as GeneXpert
and Genedrive, that are able to accurately quantify HCV RNA
and HBV-DNA [30,31], but the high cost of performing these
assays limits its immediate appeal for LMIC. Other novel
POCs targeting alternative markers of viraemic activity, such
as Daktari and HCV core antigen detection [32], may pave
the way for more affordable HCV POC tests. Next generation,
microchip-sized diagnostics have been emerging in which inno-
vations in nanotechnology, bioengineering and microfluid
dynamics are combined [33]. Mobile tests using this technol-
ogy could provide the low-cost, accuracy, and fully-automated
features required for POC assays, yet are still in the early
stages of development. In order to incorporate any of these
diagnostic tools in screening guidelines, more comprehensive
data on their accuracy, feasibility, acceptability and cost-effec-
tiveness would be needed.

2.3 | Implications of antiviral therapy

2.3.1 | Need for antiviral treatment

The principle goal of NA treatment is suppressing HBV DNA
to a level that is associated with reduced rates of liver-related
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morbidity and mortality. Each phase of chronic HBV-infection
is associated with a varying degree of viral activity and risk of
severe clinical outcomes. Accordingly, HBeAg-positive or –neg-
ative chronic hepatitis B patients or those with compensate or
decompensate cirrhosis are strongly recommended to initiate
treatment [2]. For other phases of infection, there is still
debate on when to initiate treatment. Patients early on in
infection (i.e. HBeAg-positive chronic HBV infection) occasion-
ally exhibit mild-to-severe liver fibrosis with highly active anti-
HBV T-cell responses [34] and thus could benefit from early
treatment. Other factors also drive the decision to treat, such
as family risk of HCC (at high risk of disease) and older age
(more willing to adhere to lifelong therapy) [35]. In addition,
certain patients (i.e. HBV mono-infected individuals in sub-
Saharan Africa) are oftentimes not recommended for treat-
ment based on most guidelines, but demonstrate increased
risk of HCC [36]. TDF-containing antiretroviral therapy should
be initiated as early as possible for all HIV-HBV co-infected
patients [37,38]. Despite these recommendations, there is a
dearth of clear, large-scale evidence that delaying therapy
affects HCC incidence or liver-related mortality in these
subgroups [35].
EASL practice guidelines have recently incorporated a sec-

tion on stopping treatment [2], yet criteria for discontinuation
remain rather ambiguous. It should be stressed that this prac-
tice is highly discouraged for HIV-HBV co-infected patients
due to its association with severe clinical outcomes [39,40]. In
brief, patients should discontinue treatment if they have sus-
tained HBsAg-loss. Treatment could be discontinued in (i)
HBeAg-positive chronic HBV patients who achieved HBeAg-
seroconversion, undetectable HBV-DNA and normalized
transaminases and underwent at least 12 months of consoli-
dation therapy, and to a lesser extent, (ii) HBeAg-negative
patients with at least 3 years of virological suppression. Since
these latter two groups have variable rates of virological and
clinical relapse, close virological monitoring is strongly encour-
aged. Predicting those at risk of failing discontinuation is diffi-
cult considering that no available marker has the capacity to
do so, with the possible exception of very low HBsAg titres
[41]. Whether other biomarkers, such as circulating HBV
RNAs, could address, this issue remains speculative.
HCV treatment aims to cure infection and prevent further

HCV-associated complications. The most recent EASL guideli-
nes recommend broadening access to DAA treatment, focus-
ing on HCV-infected individuals with significant fibrosis/
cirrhosis, extrahepatic manifestations, HCV recurrence after
liver transplantation, and risk of further transmission [3].
These guidelines are applied similarly to HIV-HCV co-infected
patients, yet special consideration should be given to drug-
drug interactions with other antiretroviral agents. Given the
high SVR rates achieved with current regimens, there is
strong advocacy for treating all HCV-infected individuals.
However, the cost burden of effective DAAs, especially for
single-payer healthcare systems, and its distribution remain
obstacles for universal treatment [42].
Systematic reviews are available in which the distribution of

HBV phases and HCV genotypes are provided worldwide
[43,44]. Since recommendations for treatment initiation vary
slightly between European, American, and Pacific liver associa-
tions, as well as WHO, applying epidemiological data to esti-
mate the number of individuals needing treatment, and of

them who is receiving treatment, is not straightforward. In
fact, the WHO Global Hepatitis Report assesses the treat-
ment gap for HBV as “unknown” while for HCV, it considers
that all infected patients are in need of treatment [6]. A more
nuanced understanding of this step in the cascade-of-care is
necessary.

2.3.2 | Novel treatments for chronic hepatitis B

With the success of DAA and along the lines of programmes
aimed at HIV cure, there has been substantial momentum in
developing therapeutic regimens to cure HBV [45]. The major
impediment to such a goal is the eradication of covalently-
closed circular DNA (ccc-DNA), the template used to tran-
scribe all viral proteins, which cannot be achieved with current
NAs [46]. Given that NAs only inhibit DNA polymerase activ-
ity, agents targeting other steps in the replication cycle are
needed to further suppress intrahepatic replication. Develop-
ment is underway of agents involved in blocking HBV entry
via the sodium taurocholate co-transporting polypeptide cell
receptor (myristoylated pre-S peptides, cyclophilin inhibitors),
inhibiting gene expression at the mRNA level (short interfer-
ing RNAs), affecting core protein assembly (core protein allos-
teric modulators), and others (reviewed in [47]). These agents
are still in the early clinical trial phases and have yet to be
assessed in HIV-HBV co-infected patients.
HBV infection is known to exert a wide range of immuno-

logical deficiencies, including, but certainly not limited to,
depletion of virus-specific cytotoxic T lymphocytes and
increased T cell exhaustion [48]. There is then active interest
in developing agents that elicit or restore antiviral immunity.
Current therapeutic strategies have been engineered to affect
both innate (toll-like receptor agonists) and adaptive (check-
point inhibitors) arms of the immune system, but again are
mostly experimental [47]. Considering that these approaches
may require a highly orchestrated immune response, as is the
case with interferon-based therapies [49], their efficacy could
be reduced in immunocompromised HIV-HBV co-infected
patients [50].

2.3.3 | Antiviral-induced virological response and
clinical outcomes

Concomitant reductions in HCC incidence are generally
observed with effective HBV suppression from NA-based
therapy, yet this risk is not completely abrogated [51]. A low
proportion of treated individuals with adequate viral suppres-
sion do develop HCC during treatment, questioning the ade-
quacy of current antiviral agents. HBV DNA viral loads or
quantitative HBsAg are also poor predictors of these events
and perhaps other replicative biomarkers could more accu-
rately establish disease risk [52]. Likewise, decreases in inci-
dent HCC have been observed in HIV-HBV co-infected
patients over the past decade [53] as use of more potent
anti-HBV agents has increased, yet the implications of sup-
pressed HBV DNA is unclear [54].
There are conflicting results on the risk of developing HCC

after DAA-induced SVR, with some studies reporting a higher
HCC incidence rate [55,56] and others, including a meta-ana-
lysis, finding no or even a reduced rate [57-59]. Compensated
cirrhosis is a well-known prognostic factor for HCC [60].
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Recent research on HCV-induced epigenetic and transcrip-
tional changes could further elucidate the mechanisms of
developing HCC [61], but still require further study. Similarly,
the consequences of HCV eradication on extrahepatic mani-
festations, such as diabetes or cardiovascular diseases, also
need clarification. Data on DAA use and HCC incidence are
starting to emerge in HIV-HCV co-infected patients and sug-
gest that the risk of HCC may not be higher after HCV cure
[62]. Previous data from the pegylated-interferon era have
also suggested that co-infected patients are not privy to HCC
after SVR [63].

2.3.4 | Access to treatment for infected
populations

Scaling-up access to antiviral therapy has slowly begun in
recent years with price negotiations, generic formulations, and
localized production [6,64]. Still, potent anti-HBV treatments,
such as TDF, are limited to HIV-HBV co-infected patients in
Sub-Saharan Africa [24] or is not provided for more than a
given amount of time. Cost of anti-HCV treatments has been
greatly reduced, allowing for more widespread access, but
continue to pose financial burdens for some LMIC [65].
Severe clinical outcomes in individuals infected with viral

hepatitis cannot, however, be reduced by treatment alone, but
will require effective healthcare services. Many barriers in
accessing these services currently exist [66], with many more
studies on HCV than HBV-infection [67]. First, prioritization of
distributing and reimbursing NAs and DAAs are based on
constrained resources or little empirical evidence for some
countries [6,68,69]. Future research must aim to understand
the epidemic of viral hepatitis, its disease progression and
impact on quality of life in order to substantiate evidenced-
based policies. Second, some countries only allow specialists to
prescribe DAAs, while many key populations have difficulty in
accessing these services. Integrating HCV testing in healthcare
services reaching key populations (HIV clinics, harm reduction,
in-prison services) and permitting community nurses or
primary healthcare services to provide DAAs have shown
increases in linkage to and retention in care [70-72]. However,
the impact of such strategies in other settings is potentially
offset by other systemic and individual barriers. Negative
perceptions of HCV treatment, penalization and stigmatization
of drug use and, in some countries, sexual preferences are all
social factors discouraging key populations from consulting
healthcare services [7]. Third, practitioners may be reluctant to
treat individuals at high-risk of reinfection. Rates of reinfection
among persons who inject drugs are rather variable, but are
mostly lower when enrolled in harm-reduction programmes
[73]. Nevertheless, harm reduction services might not reach
non-opioid dependent persons and persons who formerly
injected drugs, representing a major reservoir of infection [74].
High reinfection incidence has been observed in HIV-positive
men who have sex with men, while the behavioural data to
corroborate ongoing sexual risk behaviours as the underlying
reason for this finding are scarce [75]. Specific post-treatment
interventions aimed at reducing HCV re-infected are strongly
needed. Finally, few countries have established a national viral
hepatitis plan [76], making it difficult to guide clinicians on the
most appropriate line of care.

3 | CONCLUSIONS

Notwithstanding the tools able to successfully prevent, sup-
press, and cure viral hepatitis, the most efficient way of their
use requires considerable research. In the short-term, HBV
vaccine coverage should be increased to all regions of the
world, while the reasons for reluctance to vaccinate could pro-
vide insights on accomplishing this goal. Cheaper and easier
technology to test for viral hepatitis should be developed and
used in campaigns to increase infection awareness in key pop-
ulations. Treatment must be accessible to infected individuals
to prevent disease progression. Finally, it is likely that a combi-
nation of these tools is required for elimination of viral hepati-
tis [7,77]. Although the WHO Global Hepatitis Report has
clearly laid out the needs at each step of the viral hepatitis
cascade-of-care, continuous and informed research could help
prioritize these shifting needs for policy makers and stake-
holders alike.
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