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Key Elements on the Pathway to HCV 
Elimination: Lessons Learned From the 
AASLD HCV Special Interest Group 
2020
Jordan J. Feld1 and John W. Ward2

With a decade left to reach the ambitious goals for viral hepatitis elimination set out by the World Health Organization, 
many challenges remain. Despite the remarkable improvements in therapy for hepatitis C virus (HCV) infection, most 
people living with the infection remain undiagnosed, and only a fraction have received curative therapy. Accordingly, 
the 2020 HCV Special Interest Group symposium at the annual American Association for the Study of Liver Diseases 
Liver Meeting examined policies and strategies for the scale-up of HCV testing and expanded access to HCV care 
and treatment outside the specialty setting, including primary care and drug treatment and settings for care of persons 
who inject drugs and other marginalized populations at risk for HCV infection. The importance of these paradigms 
in elimination efforts, including micro-elimination strategies, was explored, and the session also included discussion of 
hepatitis C vaccine development and other strategies to reduce mortality through the use of organs from HCV-infected 
organ donors for HCV-negative recipients. In this review, the key concepts raised at this important symposium are 
summarized. (Hepatology Communications 2021;5:911-922).

In 2016, the World Health Organization (WHO) 
set goals for hepatitis C virus (HCV) elimina-
tion, defined as a 65% reduction in HCV mor-

tality and a 80% reduction in incidence of new HCV 
infections by 2030.(1) The achievement of these goals 
can avert approximately 1.5 million deaths from 
HCV infection.(2) Reaching these goals will require 
a large scale-up of HCV testing to diagnose and 
treat 80% of the estimated 71 million people living 
with HCV.(3) HCV is an underdiagnosed and under-
treated disease. Globally, by 2017, approximately 20% 

of HCV-infected persons were aware of their infec-
tion, and only 5 million of those diagnosed with HCV 
had received treatment.(4) The American Association 
for the Study of Liver Diseases (AASLD) convenes 
at least annually as a special interest group (SIG) for 
interested clinicians and researchers, to present and 
discuss the latest research in hepatitis C prevention, 
testing, and treatment. In the 2020 HCV SIG sym-
posium at the annual AASLD Liver Meeting, poli-
cies and strategies were examined for the scale-up 
of HCV testing and expanded access to HCV care 
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and treatment outside the specialty setting, includ-
ing primary care and drug treatment and settings for 
care of persons who inject drugs (PWID) and other 
marginalized populations at risk for HCV infection. 
The importance of these novel paradigms for elimi-
nation efforts, including micro-elimination strategies, 
was explored and the session included a discussion 
of hepatitis C vaccine development and other strat-
egies to reduce mortality through the use of organs 
from HCV-infected organ donors for HCV-negative 
recipients.

EXPANSION OF HCV TESTING
The WHO recommends HCV testing strategies 

based on local epidemiology and context. Depending 
on the local situation, one-time HCV testing has been 
recommended for the general population with HCV 
prevalence >2%, or ≥5%, as well as for subpopulations 
such as birth cohorts with a higher HCV prevalence 
than the populations as a whole, and for adults and 
adolescents at risk of exposure to HCV.(1) All per-
sons diagnosed with HCV infection should receive 
treatment. To promote broad implementation, HCV 
testing strategies must be relatively simple, target key 
populations, and be readily integrated within exist-
ing health systems in resource-constrained settings. 
Twenty nations, mostly low-income and middle-
income countries (LMICs), bear 68% of the burden 
of HCV-related mortality.(5)

A number of model countries are implementing 
highly effective HCV testing programs. Effective 
HCV testing programs share at least seven essential 
components (Table  1: (1) political and civic support; 
(2) a plan of action with time-limited numerical tar-
gets; (3) strategic information to guide planning and 
monitor program performance; (4) the capacity to 

deliver HCV testing services to target populations; 
(5) sustainable models for financing, including the 
negotiations of affordable diagnostics and therapies; 
(6) integration of HCV testing within existing health 
systems; and (7) operational research to improve pro-
gram performance. Egypt provides an excellent exam-
ple of a highly effective HCV elimination program.(6) 
In 2018, with catalytic funding of the World Bank, 
the President of Egypt set goals for HCV elimination 
by 2020 and called for HCV testing of all persons 18-
59 years of age. The national government negotiated 
affordable pricing for anti-HCV (<US $1) and HCV 
polymerase chain reaction testing (<US $5) and for 
HCV medications (<US $100). The country imple-
mented a public health approach that brings together 
a health promotion campaign for the public, conducts 
HCV testing in diverse clinical and community (e.g., 
mobile van) settings, and provides HCV testing and 
treatment at no cost to patients. In less than a year, the 
HCV elimination program screened 49.6 million per-
sons, 79% of the target population, started 92% of the 
approximate 1.15 million with current HCV infection 
on treatment, and cured 98% of treated patients tested 
for a sustained virologic response (SVR) (Fig. 1). The 
program was cost-saving, with an expenditure of $131 
for identifying and curing a patient with HCV. The 
current HCV test and treatment efforts are projected 
to avert more than 260,000 HCV-related deaths by 
2030—a 61% decline in mortality.
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TABLE 1. ESSENTIAL COMPONENTS OF HEPATITIS 
ELIMINATION PROGRAMS

•	 Data for planning and monitoring program performance
•	 Plan of action with time-limited numerical targets
•	 Civic and political support
•	 Capacity to deliver appropriate interventions to target populations
•	 Sustainable models for financing
•	 Integration of services within existing health systems
•	 Participation in operational research
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Once a major barrier to large-scale treatment, 
the cost of HCV therapies has declined dramati-
cally. Indeed, currently, approximately 60% of per-
sons infected with HCV live in countries with 
generic HCV medicines costing less than US $150 
per course(4,7) In the United States, the cost of HCV 
therapies has fallen below $25,000 per course; HCV 
treatments costing less than $40,000 are considered 
cost-effective in the United States.(8,9) As a result, 
other countries are in various stages of implement-
ing HCV elimination programs. Rwanda and Punjab, 
India, are other examples of health ministries that are 
scaling up HCV testing and treatment to reach goals 
for HCV elimination.

Most countries must overcome at least three bot-
tlenecks to broaden access to HCV testing.(9) First, 
national hepatitis action plans rarely include policies 
to direct HCV testing for key populations. Second, 
the current two-step HCV testing process, HCV anti-
body testing followed by (if positive) a virologic test to 
confirm HCV infection, adds complexity and expense, 
and results in persons falling out of care before viro-
logic testing is completed. Third, the availability 
of testing platforms is limited by costs that remain 

unaffordable in most LMICs or by administrative 
rules that preclude the use of virologic testing tools in 
other programs (e.g., human immunodeficiency virus 
[HIV], tuberculosis) for HCV testing.

TESTING POLICY IN THE  
UNITED STATES

HCV was discovered in 1989, leading to the devel-
opment of screening tests to detect and discard blood 
donations from persons infected with HCV and for 
HCV diagnosis and care.(9) In 1998, the US Centers 
for Disease Control and Prevention (CDC) recom-
mended HCV testing for persons who receive blood 
and blood products not screened for HCV, PWID, 
and others at risk for HCV infection. Epidemiologic 
studies that included HCV testing revealed that as 
a consequence of receipt of unscreened blood, and 
exposures to unsafe injections in health care and com-
munity settings (injection drug use), approximately 
two-thirds of persons infected with HCV in the 
United States were born between 1945 and 1965, the 
so-called “baby boom” generation. The development of 
safe and highly effective antiviral therapies for HCV 

FIG. 1. Projected progress of the Egypt HCV elimination program toward meeting the goals of a 65% reduction in HCV-related 
mortality by 2030.



Hepatology Communications,  June 2021FELD AND WARD

914

increased the benefits of HCV screening and linkage 
to care for persons infected with HCV. Accordingly, in 
2012, the US CDC recommended a one-time HCV 
test for all persons born between 1945 and 1965; 
the following year, the US Preventive Services Task 
Force (USPSTF) also recommended HCV testing as 
a non-co-pay preventive service for this patient pop-
ulation.(9) The implementation of HCV testing for 
persons born between 1945 and 1965 improved HCV 
screening. From 2011-2017, HCV testing increased 
139%-374% among the birth cohort, contributing to 
increases in HCV treatment and a decline of 24% in 
HCV-related mortality from 2015-2018 (Fig. 2). This 
mortality decline exceeds by 2-fold the 2020 interim 
target of >10% decline in HCV-related mortality.(7) 
Certain strategies facilitate implementation of birth-
cohort HCV testing. The use of electronic prompt 
for clinicians increases by 3-fold the likelihood of cli-
nicians ordering tests for patients recommended for 
HCV screening.(8) Other effective strategies include 
reflex RNA testing of anti-HCV+ specimens, training 
of clinicians to test and treat HCV infection, patient 
navigators to assist patients through the testing and 

treatment process, and access to HCV medications. 
The lessons learned can be applied to the scale-up of 
HCV testing to reach new target populations.

In 2020, the US CDC and the USPSTF recom-
mended a one-time HCV test for all adults >18 years 
of age, including pregnant women.(9,10) The expan-
sion to all adult HCV testing addresses gaps in 
HCV screening. Only 50% of persons infected with 
HCV are aware of their infection. The opioid epi-
demic in the United States and increases in unsafe 
injections during opioid use have resulted in an 
epidemic of HCV transmission. From 2009-2018, 
the incidence of HCV infection increased 3-fold 
to 50,300 new infections per year, primarily among 
persons 18-39  years of age;(11) HCV infection 
increased 5-fold among pregnant women. Health 
models show that all adult testing in the United 
States is cost-effective, at US $11,378-$28,000 per 
quality-adjusted life year. Pilot projects demonstrate 
the feasibility of all-adult HCV testing. In less than 
2 years, the Cherokee Nation screened 51% of per-
sons 20-69  years of age for HCV, linking 84% of 
persons infected with HCV to care.(12)

FIG. 2. With implementation of birth-cohort testing for HCV, the United States exceeded the global goal of a 10% reduction in mortality 
by 2030 and gained experience in expanding HCV testing to all adults.
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OPTIONS FOR IMPROVING 
LINKAGES TO HCV CARE

To prevent disease progression and transmission, 
HCV testing must be followed by linkages to appro-
priate HCV care and treatment. Although specialty 
care is essential for complex cases, management of 
HCV care and treatment has been progressively 
simplified and can be readily integrated into rou-
tine primary care. Indeed, compared with referrals 
for specialty care, studies suggest that the propor-
tion of patients evaluated for liver disease after an 
HCV diagnosis increases by several fold when the 
primary care provider (PCP) manages HCV testing 
and treatment.(11)

ESTABLISHING THE PROJECT 
ECHO MODEL OF TELE-
MENTORING NONSPECIALISTS 
TO TEST AND TREAT HCV

Several options are available to build the capacity 
of PCPs to manage HCV testing, care, and treat-
ment. Chief among these is the Project ECHO tele-
mentoring model of linking liver-disease specialists 
(e.g., hepatologists, pharmacists) together with PCPs 
in a knowledge network to discuss the management of 
individual patients (i.e., case-based learning). Patients 
with HCV managed by PCPs in a Project ECHO net-
work have outcomes comparable to the outcomes of 
patients in specialty care.(13) Project ECHO networks 
and ECHO-like systems, ongoing in the Americas, 
Africa and elsewhere, address critical gaps in availabil-
ity of specialty care for patients infected with HCV 
in rural and underserved settings. However, time and 
financial constraints of PCPs can limit regular partic-
ipation in the Project ECHO sessions. The response 
to the coronavirus disease 2019 pandemic might 
help address some of these challenges. For example, 
Medicare waivers and health systems now support cli-
nicians using audio/video communications to provide 
patient care.

To improve the accessibility of the ECHO 
model, variations in approaches are underway, 
including prerecorded “immersion” workshops to 
help clinicians begin to treat patients for HCV, and 
“e-consult” and on-line clinical management tools 
to provide more immediate response to clinical care 
questions.(14-16) In San Francisco, a composite of 

in-person training followed by e-consult support 
and individualized technical assistance resulted in 
>100% increase in the number of patients treated 
for HCV infection.(15)

Colocalization of HCV Testing and 
Treatment in Diverse Health Care 
Settings

Beyond the primary care setting, colocalization of 
HCV care into other care sites promotes access for 
marginalized populations. Telemedicine, in which 
a clinician provides direct care to a patient, is one 
approach. In one study, biweekly telehealth sessions 
between hepatologists and clients, to guide directly 
observed HCV therapy at the time of methadone 
administration, resulted in 45 (73%) of 62 clients 
being evaluated and 93% of clients treated and cured 
of their HCV infection.(17)

Pharmacists can also manage HCV treatment for 
patients on opioid agonist therapy (OAT). A study 
in Scotland evaluated directly observed OAT and 
HCV treatment, provided by pharmacists, compared 
with the care delivered in a drug treatment center. 
Pharmacist-led care resulted in a 2-fold increase in 
HCV testing, and the start of HCV treatment.(18) 
This evidence strengthens the rationale for pharma-
cists to be a “one-stop shop” for point-of-care HIV 
and HCV testing, management of HCV treatment, 
hepatitis B virus (HBV) vaccination and OAT, and 
access to clean injection equipment and counseling to 
prevent overdoses.

Provision of Outreach Services for 
Marginalized Populations

Innovative programs are taking HCV testing and 
treatment to the street to reach homeless populations 
and others with unstable housing. In Los Angeles, 
homeless persons are offered HCV point-of-care test-
ing, and anti-HCV+ persons are referred for treat-
ment. In San Francisco, a Deliver Care “van” provides 
HCV testing and treatment with the assistance of 
telehealth with an experienced HCV care provider 
(Fig.  3). Misinformation on side effects/efficacy, the 
lack of secure location to keep medications, and food 
insecurity are some issues that arise with the launch of 
these innovative outreach services.
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Integration of HCV Testing and 
Treatment With Other Services for 
PWID

A recommendation for HCV testing of all adults 
is a “safety net” option, increasing the likelihood of 
persons infected with HCV being screened and diag-
nosed early in the course of their illness. However, 
risk-based HCV testing as part of treatment as pre-
vention strategies for PWID continues to be import-
ant. Globally, 8.2 million (56%) of the 15.6 million 
PWID have been infected with HCV, including 1.4 
million PWID in North America.(19) Since 2000, the 
illicit use of opioids has grown rapidly in the United 
States, with large increases in the use of prescription 
opioids, followed by increased use of heroin and syn-
thetic opioids (e.g., fentanyl). The opioid epidemic is 
the cause of subsequent epidemics of opioid overdoses 
and among persons injecting opioids, persons with 

HCV, and other blood-borne infections. In 2018, at 
least 75% of new HCV infections were related to 
injection drug use.(7)

Although an HCV vaccine would improve preven-
tion effectiveness, interventions are available to dra-
matically interrupt HCV transmission among PWID. 
A combination of access to OAT, safe injection equip-
ment for those who continue to inject, and routine 
testing for HCV testing and treatment can prevent 
90% of new infections. Treatment and cure of HCV 
reduces the prevalence of HCV and the force of infec-
tion, thus reducing HCV transmission among PWID. 
Adherence and response to HCV therapy among 
PWID receiving OAT are comparable (>90% cure) to 
treatment outcomes for other persons infected with 
HCV.(20,21)

The AASLD/Infectious Diseases Society of 
America (IDSA) HCV Treatment Guidance recom-
mends testing and treatment of acute and chronic 

FIG. 3. University of California, San Francisco’s DeLIVER Care, a mobile unit providing HCV testing and treatment PWID or who 
experience homelessness in San Francisco. Photo credit: @NoahBerger.
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HCV in PWID, calling for substance use disorder 
programs and needle syringe programs to routinely 
offer routine, opt-out HCV antibody testing with 
reflex confirmatory HCV testing and linkage to care 
for those infected.(22) However, only 6.6% of primary 
care patients with injection drug user–related condi-
tions are tested for HCV, and only 27.5% of OAT 
programs reported offering clients HCV screening.(23) 
Fortunately, many states are lessening or removing 
sobriety restrictions for Medicaid reimbursement of 
HCV treatment for PWID. Currently, 74% of state 
Medicaid programs impose no documented minimum 
time period of sobriety before authorizing HCV treat-
ment. Increased access to HCV treatment can incen-
tivize broader adoption of routine HCV screening for 
PWID.

PWID access to safe-injection equipment must 
also improve. The United States, with 30 exchanges 
per PWID per year, lags far behind the WHO goal 
of 200-300 needle/syringe exchanges per PWID per 
year considered necessary to reach HCV-elimination 
goals. Indeed, the number of syringe service programs 
(SSPs) in the United States are in short supply. In 
2016, 80% of persons infected with HCV who were 
18-29  years old lived farther than 10 miles from an 
SSP. Sustaining access to adequate SSP and OST 

services limits reinfection among PWID cured of 
their initial HIV infection.(24)

MICRO-ELIMINATION
Combining strategies for increased testing, 

improved linkage, and universal treatment access will 
be keys to reaching elimination targets. The WHO set 
the goal for elimination of viral hepatitis as a public 
health problem on a global scale, and it should remain 
the ultimate goal for elimination efforts. However, 
many have proposed the approach of so-called micro-
elimination as a tool to reach the global elimination 
target.(25) Micro-elimination refers to elimination 
within a defined population. The rationale for this 
approach is that elimination on a smaller scale may 
be seen as a more tangible and realistic goal, with the 
idea that these serve as pilot projects for development 
of national programs that ultimately lead to global or 
macro-elimination.(26)

Populations targeted for HCV elimination vary 
widely (Table  2). Approaches to micro-elimination 
include targeting a population defined by a spe-
cific setting (e.g., prison, dialysis unit),(27) particular 
clinical characteristics (e.g., people living with HIV, 
people living with blood disorders), a health system 
(e.g., the Veteran Affairs [VA] health care system 

TABLE 2. POPULATIONS TARGETED FOR HCV MICRO-ELIMINATION

Population Example Advantages Challenges

Outreach setting •	 Prison
•	 Homeless population
•	 Needle syringe program

•	 Clearly defined
•	 Achievable
•	 Measurable
•	 Potential to reduce 

transmission

•	 Requires buy-in from setting (e.g., prison)
•	 Unsustainable resources

Clinical population •	 Persons living with HIV
•	 Persons with blood disorders
•	 Persons on dialysis/persons in drug 

treatment

•	 Well defined
•	 Politically important

•	 May be difficult to measure/confirm (e.g., 
HIV underdiagnosis)

•	 May be small scope
•	 May be considered stigmatizing

Health system •	 US Veterans Affairs
•	 Health Maintenance Organization

•	 Access to care
•	 Large potential impact
•	 Achievable targets with good 

data systems
•	 Model for other chronic 

disease management

•	 Need to demonstrate cost benefit
•	 Reimbursement system

Geography •	 Village/province, region •	 Capitalizes on advocacy of 
local champions

•	 Politically savvy
•	 Health equity
•	 Feasible costs
•	 Lessons learned build support 

for a national initiative
•	 Model for other chronic 

disease management

•	 Requires sustained buy-in with political 
and financial support

•	 In absence of national programs, in-
creased need for technical and financial 
support

•	 Success tempered by migration from 
neighboring locations without an elimina-
tion program
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in the United States, a health maintenance organi-
zation),(28) or a specific geography such as a village/
town/state/province or even a defined nation/group 
(e.g., Cherokee Nation).(26,29) Clearly the scope and 
size of the population will affect how easily micro-
elimination may be achieved; however, elimination 
can be impactful even on a small scale. In addition 
to benefiting the specific population, successful micro-
elimination leads to future elimination efforts by 
gaining support and momentum as well as political 
will for future elimination efforts.(26)

There are multiple key components to any micro-
elimination effort. Community engagement is crit-
ically important and should be at the center of all 
elimination efforts.(26) Reports from successful elim-
ination campaigns, from the very small to the very 
large, universally cite the importance of strong com-
munity engagement in the design, implementation, 
and evaluation of the program. Clearly other stake-
holders must be engaged, including funders, policy 
makers, and those affected by the proposed strategy 
(e.g., laboratory managers before a screening cam-
paign). Data systems are critically important to be 
able to track success and identify areas for strategic 
revisions. Without strong data systems, even recog-
nizing when elimination has been achieved may be 
a challenge. Other logistical supports are important 
to ensure that all aspects of a program are ready 
before it is launched. Although funding is always a 
challenge, strong advocacy and good data systems 
to demonstrate the tangible benefits of elimination 
can help secure funding support. Successful micro-
elimination programs can be very impactful to gain 
political support for larger efforts. It is import-
ant that scalability be considered from early on in 
any elimination program, to ensure that successful 
pilot programs can be rolled out with much greater 
impact.(25)

Well-developed micro-elimination programs have 
been deployed in many settings, highlighting both 
successes and challenges. The Spanish prison sys-
tem has developed multiple strategies to address the 
high burden of HCV among inmates. In 2015 they 
initiated active screening for HCV and documented 
a very high prevalence of 19.5% antibody positiv-
ity. By 2017, treatment was offered to 52% of those 
infected, and by 2018, treatment rates increased to 
near 100%. With high screening rates (~80%) and 
treatment for all, HCV-RNA prevalence fell from 

11% in 2016 to 1.9% in 2019. Importantly this 
scale-up markedly reduced new infections, confirm-
ing the treatment-as-prevention paradigm, and led 
to a significant reduction in HCV-related mortal-
ity.(30) An important component of this successful 
micro-elimination program was the evaluation of the 
effects outside of the prison. By reducing transmis-
sion within the prison, impacts on HCV incidence 
were seen in the community at large. Remarkably, 
90% of the benefits of the program were actually 
documented outside the prison system.(31) This 
observation highlights the importance of strong 
data collection to document the ancillary benefits of 
an elimination program. Ultimately, these commu-
nity benefits were driving forces to maintain polit-
ical and thus financial support for the prison HCV 
elimination program.

Multiple groups have worked to eliminate HCV 
among people living with HIV. There are many 
advantages to focusing on this relatively small but 
important population. In addition to the obvious 
health advantages for persons living with HIV, there 
are programmatic benefits to starting with this group. 
People living with HIV are usually engaged in care for 
follow-up of HIV, facilitating linkage to HCV testing 
and treatment, and thus making it easier to achieve 
elimination. The HIV community has been a strong 
health advocate with continued political and financial 
support for HIV control. Achieving success with HCV 
elimination in this co-infected population is possible 
and may well lead to support for broader elimination 
programs. Successful HCV micro-elimination efforts 
among people living with HIV have been rolled out 
in Scotland, Australia and the Netherlands, among 
other places.

Large integrated health systems offer the potential 
for micro-elimination on a fairly macro scale. The US 
VA health care system is an excellent example. There 
is a large burden of HCV in the VA system, and early 
on, cost concerns limited treatment uptake. However, 
well-coordinated leadership using excellent data sys-
tems to track success and redesign of programs in a 
highly iterative process ultimately led to very stream-
lined and efficient HCV screening and linkage to care, 
which put the VA on track to eliminate HCV among 
this enormous health care system.(28) The elimination 
efforts have led to tangible benefits with significant 
reduction in HCV-related complications, including 
HCC.(32) However, a key benefit to the integrated 
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HCV program was that engagement in HCV care also 
led to improved care for other related problems such 
as hypertension, diabetes, and heart disease among the 
VA population. The HCV “success story” in the VA is 
now used a model for identification and management 
of chronic disease.

Even national elimination programs may 
use micro-elimination to achieve more macro-
elimination. Through careful evaluation of local 
epidemiology, countries may recognize that micro-
elimination in specific populations will be key to 
national elimination. For example, in Iceland, rec-
ognition that the epidemic was largely focused 
among PWID led the country to focus its efforts 
on elimination in this population; partially because 
of the small size of the population, this effectively 
achieved national elimination at the same time. 
Alternatively, countries may implement multiple 
micro-elimination programs that collectively lead to 
national elimination. Egypt’s focus on elimination 
in individual villages in the Nile delta is an excellent 
example of the effectiveness of this approach. By 
focusing on broad screening and universal treatment 
adapted to the specific needs of each individual vil-
lage, the Egyptian elimination program has managed 
to achieve remarkable success.(33) Although similar 
platforms were used for each village, one might con-
sider each its own separate micro-elimination proj-
ect, which collectively lead to success at the regional 
and even national level. A key element to the suc-
cess of the Egyptian efforts has been strong commu-
nity engagement in all aspects of the program, with 
development of a structured and effective education 
program to ensure that in addition to screening 
and treatment, prevention efforts were developed to 
ensure the long-term impact of initial elimination 
successes.(33,34) In addition to community engage-
ment, strong and continued political will has been a 
huge factor in the success of Egypt’s HCV elimina-
tion efforts. Early successes in individual and small 
numbers of villages convinced national leaders that 
elimination was possible and has enabled large-scale 
efforts with adequate financial and political backing. 
The state of Punjab in India has followed a similar 
approach, also with great success by targeting indi-
vidual villages for HCV elimination, to eventually 
achieve elimination in the region.

Because funding is perpetually a challenge for 
HCV elimination programs, creative approaches to 

financial support should be considered. Uzbekistan, 
working with the Centers for Disease Analysis, has 
developed an innovative model for national viral 
hepatitis elimination. They have proposed to have 
80% of the population pay out of pocket for low-
priced generic HBV and HCV treatment at slightly 
above cost, to enable coverage for the 20% who can-
not afford to pay.(35) The government has taken on 
the responsibility of screening, but the program is 
otherwise financially self-sustaining. If this model 
proves successful, this could be a blueprint for elim-
ination efforts in LMICs.

The range of structure and scale of micro-
elimination projects around the world highlight 
the versatility of this approach. Although it is crit-
ical not to lose sight of the ultimate goal of global 
elimination, micro-elimination can be a very use-
ful approach in driving progress toward the WHO 
global targets.

VACCINE DEVELOPMENT
It is noteworthy that the WHO has targeted elimi-

nation of viral hepatitis as a public health threat rather 
than global eradication. There is a clear recognition 
that eradication of HCV will not be achievable with-
out a vaccine. In truth, even elimination efforts will 
be challenging to achieve without a vaccine, due to 
continued high rates of new infection, fueled by the 
ongoing opioid epidemic in North America and con-
tinued high incidence from drug use and unsafe med-
ical practices in some LMICs. Data from 2017, the 
year with the greatest HCV treatment uptake, are dis-
concerting. Despite curing an impressive 1.5 million 
individuals, 1.6 million new infections were estimated 
to have occurred.(36) A vaccine will greatly facilitate 
changing that reality.

Vaccine development has proven extremely chal-
lenging for many reasons. The remarkable diversity of 
HCV is a major challenge, with even clearance of nat-
ural infection failing to provide true protection against 
reinfection. However, the fact that studies in chim-
panzees and data from longitudinal cohorts confirm 
that people who clear infection once are more likely to 
clear again if reinfected and do so faster with a lower 
level of peak viremia, argue for a degree of protective 
immunity.(37)

In 2020, the results of the first randomized con-
trolled trial of an HCV vaccine were presented. The 
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vaccine developed using a chimpanzee adenovirus 
vector expressing both structural and nonstructural 
HCV proteins was shown to generate potent immune 
responses with no safety concerns. The study evalu-
ated the development of chronic HCV infection in a 
cohort of HCV-uninfected PWID. Unfortunately, the 
overall results were disappointing, with an identical 
proportion of both groups developing chronic HCV 
infection. However, the peak level of HCV RNA 
was 5.5-fold lower in the vaccine group, confirming 
at least some activity of the immunological response 
to the vaccine.(38) Hopefully this result will not limit 
further efforts at HCV vaccine development.

In addition to the major immunological challenges 
of developing an HCV vaccine, it is also important 
to consider the major logistical challenges involved 
in evaluating an HCV vaccine candidate. Studies of 
PWID or other high-risk populations are very chal-
lenging and take years to complete.(38) To accelerate 
the process, given the extremely high efficacy and 
excellent safety of direct-acting antivirals (DAAs), 
the concept of controlled human infection models 
(CHIMs), in which people are intentionally infected 
with HCV to study proactively the determinants of 
immunity and the assessment of vaccine efficacy, has 
been proposed. Controlled human infections have 
been carried out with other pathogens including den-
gue, malaria, and now SARS-CoV-2.(39-41) CHIM 
poses many ethical and scientific challenges, ranging 
from the specific viral inoculum to use to the duration 
of infection before initiation of treatment, but could 
prove to be an important driver of vaccine develop-
ment, which would be a game-changer in the drive for 
HCV elimination or possibly even eradication. With 
or without CHIM, sustained funding and political 
support for vaccine development will be required to 
achieve success. Perceptions that HCV is a “solved 
problem” because of the high efficacy of DAAs may 
limit support for vaccine development. Only with 
continued reinforcement of the need for a vaccine will 
the support required to overcome the formidable sci-
entific challenges to vaccine development be possible.

ORGAN TRANSPLANTATION 
USING ORGANS FROM HCV-
POSITIVE DONORS

The success of DAAs has been the catalyst for 
HCV elimination efforts, but they have also opened 

the possibility of using organs for transplantation 
from HCV-infected donors, even to organ recipients 
without HCV. Organ shortages are a perpetual prob-
lem, leading to deaths of people on organ wait lists. 
The opioid epidemic and overdose crisis has led to 
a marked increase in the number of potential organ 
donors who test positive for HCV. In 2000, only 1% 
of all overdose donors were HCV-positive, rising to 
15% by 2016 across the United States, with some 
states reporting rates above 30%.(42) Historically, 
organs from these individuals were either discarded 
entirely or used exclusively in people on the transplant 
wait list who already had HCV infection. With the 
near certainty of cure with DAA therapy, investigators 
have started to explore the use of organs from HCV-
positive donors for HCV-negative recipients.

The first trials used grazoprevir/elbasvir in patients 
receiving kidney transplants from HCV-positive 
donors and showed that treatment was well-tolerated 
and universally successful.(43,44) Although safe in 
patients with renal impairment, grazoprevir/elbasvir is 
active in genotypes 1 and 4 only, limiting its utility, 
particularly given the lack of genotype information 
at the time of transplant in most donors. Subsequent 
studies focused on the use of pan-genotypic regimens 
to overcome this obstacle.

Multiple studies have now shown that prompt treat-
ment with sofosbuvir/velpatasvir or glecaprevir/​pibren-
tasvir  is safe and near-universally effective. Different 
approaches to treatment have been evaluated, ranging 
from starting weeks to months following transplant 
to giving the first dose of treatment pre-operatively. 
With very early treatment, shorter durations of treat-
ment have proven highly effective. Wooley et al. 
showed that immediate initiation of sofosbuvir/vel-
patasvir after transplant led to 100% SVR with only 
4 weeks of therapy in people receiving heart or lung 
transplants from donors infected with HCV.(45) Feld 
et al. used glecaprevir/pibrentasvir with ezetimibe, as 
an HCV entry blocker, starting treatment 6-12 hours 
before transplant and continuing it for just 7 days fol-
lowing transplant, with 100% SVR in the 30 patients 
treated.(46) Shortening to less than 7 days has proven 
challenging with a study from Gupta et al., showing 
that treatment of 1 or 2  days with sofosbuvir/velpa-
tasvir led to an unacceptably high relapse rate and 
some challenges with retreatment.(47)

Currently, the AASLD/IDSA recommends start-
ing treatment immediately following transplant (or 
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pretransplant) using a standard duration of ther-
apy with a pan-genotypic regimen.(22) The rationale 
for early treatment is based on infrequent reports of 
complications with delayed therapy, including HCV-
related glomerulonephritis, acute fibrosing cholestatic 
hepatitis, and possibly higher rates of acute cellular 
rejection.(45,48,49) Despite the successes reported, chal-
lenges with HCV-discordant transplants remain. There 
is still uncertainty about the preferred regimen and 
optimal duration of therapy. Longer-term outcomes 
and any effects on graft survival have not been well 
documented. Logistical challenges such as coverage 
for DAA therapy, particularly for early (pre-discharge) 
treatment initiation, and ethical considerations includ-
ing proper informed consent, remain challenging.

The innovations to use life-saving organs have 
been impactful, but it would be preferable to stem the 
tide of the tragic overdose deaths that have spurred 
the development of this therapeutic advance.

Conclusions
When viral hepatitis–elimination targets were first 

proposed, many felt that they were merely aspira-
tional but not actually achievable. Remarkable prog-
ress in recent years, particularly among some leading 
LMICs with high HCV burden, has shown the world 
that HCV elimination is possible. New tools for test-
ing, improved models for linkage, and remarkably 
effective therapy have led to successful national and 
micro-elimination programs that will ultimately lead 
to additional national programs and ultimately global 
HCV elimination. A vaccine would accelerate elimi-
nation efforts immensely and make HCV eradication 
achievable; therefore, it must remain a strategic prior-
ity. With a decade to go, an enormous amount of work 
remains to be done. The AASLD HCV SIG will con-
tinue to pursue HCV vaccine development and other 
innovations in prevention, testing, and treatment. The 
continued innovations and implementation of highly 
effective prevention and treatment strategies, coupled 
with political will and strong community engagement, 
are keys to achieving HCV elimination.
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