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Chronic hepatitis C infection is a major cause of liver disease and hepatocellular carcinoma worldwide. While hepatitis C
has been treated for decades with some success, the introduction of direct acting antiviral agents has revolutionized the
treatment of hepatitis C with finite, highly effective, well-tolerated therapy and there are few populations that cannot
be successfully treated now or are complicated to manage. The World Health Organization has released elimination
targets in an effort to eliminate viral hepatitis and reduce dramatically the morbidity and mortality caused by both viral
hepatitis. While hepatitis C is straightforward to treat, it remains problematic to eliminate on a global scale. Diagnosis of
hepatitis C remains the major gap in the cascade of care and numerous screening strategies will be required to reduce
this gap. While historically, treatment of hepatitis C has been centralized, decentralized approaches will be required to
diagnose, evaluate, and link to care the large population of individuals worldwide with hepatitis C across low-, middle-,
and high-income countries. With the introduction of multiple pangenotypic treatment options and reduced cost for
these therapies, assessment and treatment for those with hepatitis C has been simplified and made more accessible
worldwide. There are multiple populations for whom care models are being developed and refined, including those
when inject drugs, those who are incarcerated, those who present with sexually transmitted disease including the men
who have sex with men population, amongst many others. While a vaccine for hepatitis C remains elusive these efforts
continue. Multiple successful elimination efforts have been reported. (Clin Mol Hepatol 2021;27:246-256)
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INTRODUCTION

Since the identification of hepatitis C cDNA clone along with an
assay for circulating antibodies in 1989, few diseases have under-
gone such a rapid advance in diagnostics and therapeutics as has
the treatment of chronic hepatitis C."* A transmissible agent caus-

ing viral hepatitis was proposed in 1951 with multiple subsequent
reports recognizing that serum hepatitis occurred in persons who
injected drugs (PWID).? Prior to the identification of the hepatitis
C virus (HCV) it was recognized that those with non-A non-B
hepatitis who received a course of interferon would normalize
their liver tests. With the identification of the HCV, and improved
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detection of hepatitis C RNA in serum, it was recognized that in-
terferon-based therapy could lead to sustained clearance of hepa-
titis C from the serum.” The discovery of hepatitis C genotypes al-
lowed clinicians to further tailor their approach to treatment of
hepatitis C, with the addition of ribavirin improving sustained re-
sponse rates while adding to the hepatitis C treatment side effect
profile.” The identification and characterization of the nonstruc-
tural replication proteins of the HCV allowed for targeting with in-
hibitors of specific replication pathway proteins including the NS3
protease, the NS5a replication complex, and the NS5a poly-
merase.® The introduction of all oral direct acting antiviral agents
(DAASs) has revolutionized the treatment of those with chronic
hepatitis C. Rather than endure a difficult course of therapy that
may last 6 to 12 months, treatment of hepatitis C typically lasts 8
to 12 weeks with sustained response or cure rates well over 90%.
In this review, we will discuss the current approach to treatment
of hepatitis C as well as how current and future strategies will
need to adapt to the evolving epidemiology of hepatitis C infec-
tion to ensure improved rates of diagnosis, linkage to care, and
treatment. Improved access to therapy, with simplified diagnostics
and treatment algorithms can provide a framework to allow coun-
tries and regions of the world to initiate plans for successful treat-
ment and elimination of hepatitis C.

Chronic HCV infection is a global health problem, and a leading
cause of chronic liver disease and hepatocellular carcinoma.
Worldwide, 71.1 million individuals are estimated to have chronic
hepatitis C infection with active viremia and in 2015 there was an
estimated 580,000 people deaths from cirrhosis and liver cancer.’
It is estimated that 80% of all cases of HCV occur in 31 countries,
with China, Pakistan, India, Egypt, Russia, and the USA account-
ing for more than 50% of all HCV infections globally. The intro-
duction of the highly effective and tolerable DAAs led the World
Health Organization (WHO) in 2016 to call for hepatitis B and C
elimination by 2030, with goals of a 90% reduction in incident
cases of hepatitis B and C and a 65% reduction in mortality from
viral hepatitis.” Currently it is estimated that less than 20% of in-
dividuals with HCV have been diagnosed and only 7% of those
diagnosed have initiated treatment with only 12 countries report-
ed to be on track at present to reach the WHO goal.”

CHANGING EPIDEMIOLOGY OF HEPATITIS C

There have been changes in the epidemiology of hepatitis C in
some parts of the world with the opioid epidemic resulting in an
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increase in reported acute HCV, particularly in those who are
younger.®"" Worldwide, there may be up 10 million PWIDs with
an estimated 2/3 of these individuals being infected with HCV."
As a result of the opioid epidemic, in certain countries there is
now a bimodal age distribution of HCV reflecting a higher preva-
lence of infection in both younger (aged 20—40 years) and older
(aged >50 years) individuals with injection drug use now the
leading cause of new infections in the younger population includ-
ing women of child-bearing age.” In addition, there are approxi-
mately 2.3 million individuals co-infected with HCV and human
immunodeficiency virus (HIV), with higher prevalence in men who
have sex with men (MSM) and in injection drug users. It is also
estimated that there are approximately 10 million individuals who
are currently incarcerated and the global prevalence of HCV in the
incarcerated population has recently been estimated at 15.1%. Di-
agnosis and treatment models for these populations must also be
constructed as a part of a global elimination strategy.""

Current care models to treat HCV have historically applied a
centralized approach. Individuals are diagnosed with HCV, and
are then referred to specialists for further evaluation, staging of
liver disease and initiation of treatment. This paradigm evolved
from the complexities of the prior interferon-based therapies and
continued through the early stages of the introduction of DAAs.
This was due to many factors including the expense of initial DAA
treatments, drug interactions, and the initial large group of indi-
viduals with decompensated liver disease that required close
monitoring during treatment. Many of these individuals who were
already in engaged in care were successfully treated and in high
income parts of the world, successful treatment of HCV has led to
reductions in listings for transplant for hepatitis C-related cirrho-
sis. This paradigm continues in many parts of the world."® Howev-
er, there are not enough specialists available to care for the large
number of HCV-infected individuals worldwide.

Cascade of care for hepatitis C

The current cascade of care for HCV involves multiple steps (Fig. 1).
Diagnosis of HCV remains the largest gap in the cascade of care.
Current diagnostic testing is based on serologic assays to detect
anti-HCV antibodies, but this requires confirmation of active in-
fection, typically by confirming the presence of HCV RNA. Hepati-
tis C screening has historically been based on risk behaviors, risk
exposures, as well as being part of the evaluation of those with
abnormal liver chemistries. Risk-based screening has been shown
to be highly effective in many countries who have universal access
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Figure 1. The cascade of care in hepatitis C. The diagnosis of hepatitis C
remains the largest gap in the cascade of care. Adapted from Lazarus et
al? HCV, hepatitis C virus.

to healthcare and defined national strategies to eliminate HCV,
including universal access to treatment for HCV. As an example,
Australia, one of the countries currently on track to meet WHO
guidance for HCV elimination has employed a risk-based strategy
along with other measures to achieve a diagnosis rate of approxi-
mately 80%." Other effective strategies could include universal
prenatal screening, screening for those who are incarcerated,
screening those presenting for treatment for opioid use disorder,
and screening for HCV in emergency departments and during
hospitalizations. In the USA, recent societal and governmental
recommendations for universal screening have been added for
those who are between ages 18 to 70 years of age.”®" These
changes were in response to the increasing prevalence of HCV in
those between the ages of 18 and 40 which has been driven by
the opiate epidemic. The European Association for the Study of
Liver Disease 2018 practice guidance recommends HCV screening
for the general population according to the local epidemiology of
HCV infection, with testing in areas of intermediate to high serop-
revalence (>2%—5%), populations at risk of HCV infection, and
birth cohort testing and similarly, the Asian Pacific Association
for the Study of the Liver (APASL) 2016 practice guidance also
recommends HCV screening based on the geographical region
and high-risk populations including PWID and MSM.”**' The WHO
2017 practice guidance recommends HCV screening for the gen-
eral population in high HCV prevalence countries and for individu-
als with high risk behaviors including PWID, MSM, prisoners, HIV-
infected persons and commercial sex workers, and birth cohort
testing.”” Moreover, in high risk populations that are successfully
treated, regular screening protocols for recurrent infection are re-
quired along with efforts for harm reduction. A combination of
risk-based screening strategies and universal screening strategies
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in areas where risk-based screenings have not been effective will
be required to diagnose the large number of individuals who are
unaware of their infection.

Diagnosis and staging of hepatitis C

There are widely available serologic screening tests for HCV and
for low, middle countries and high income countries with serum
and point-of-care testing being available at costs as low as 1 USD
for low and middle income countries (Table 1). Active viremia is
confirmed with polymerase chain reaction (PCR) testing and can
be a costly step in the treatment of HCV with the cost of confirm-
ing viremia approaching the cost of hepatitis C treatment in some
parts of the world. Moreover, point of care testing to confirm vire-
mia remains a logistical challenge and alternatives such as mea-
surement of HCV core antigen should be explored.” Historically,
determining the genotype has been part of the standard of care
in the treatment of hepatitis C and was required to choose or ex-
clude a specific therapy or to determine if additional therapies
such as ribavirin were required. A genotype is only required if re-
quired to make treatment decisions if pangenotypic therapy is not
available or if specified by the payor.

Assessment of fibrosis has been essential in the evaluation of
those with HCV. Those with cirrhosis are at increased risk for he-
patocellular carcinoma, and require additional care including
monitoring for decompensation, screening for hepatocellular car-
cinoma, and an assessment for the presence or absence of esoph-
ageal varices. While resource limited countries may have limited
access to subspecialty services to care for those with cirrhosis, fi-
brosis assessment remains an important part of the evaluation of
those with chronic hepatitis C infection. Noninvasive assessment
of fibrosis has replaced liver biopsy with noninvasive tests of fi-
brosis including but not limited to elastography, aspartate amino-
transferase-platelet index (APRI), and fibrosis-4 (FIB-4) with the
latter 2 being used frequently in resource constrained countries.
There are a variety of commercial panels and other technologies
that are available to estimate the level of fibrosis in countries that
are not resource constrained (Table 2).

Simplified treatment for hepatitis C

Once viremia has been confirmed, those with HCV who can
comply with therapy are offered treatment with DAA therapy. In
the past, many populations were excluded from treatment for
hepatitis C due to side effects of prior interferon-based therapies.
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Product Manufacturer Technology
HCV test SD Bioline Standard Diagnostic Korea RDT (Ab)
OraQuick OraSure RDT (Ab)
Rapid Anti-HCV Intec Products RDT (Ab)
STANDARD Q HCV Ab SD Biosensor RDT (Ab)
Confirmatory test GeneXpert Cepheid Near-POC
Genedrive Genedrive Near-POC
Truelab/Truenat Molbio Diagnostics POC
Architect Abbott NAT
Aptima Hologic NAT
CAP/CTM HCV Roche NAT
Versant HCV Siemens NAT
Test-of-cure Truelab/Truenat Molbio Diagnostics POC
Real Time Abbott NAT
Generic Biocentric NAT
Aptima Hologic NAT
Artus HCV Qiagen NAT
Versant HCV Siemens NAT

47,48

Adapted from World Health Organization.

RDT, rapid diagnostic test; Ab, antibody; HCV, hepatitis C virus; POC, point of care; NAT, nucleic acid test.

At present, the difficult to treat populations are few with high
sustained virologic response (SVR) rates being achieved in those
treated with DAAs in cirrhosis patients, HIV/HCV co-infection, re-
nal disease, and transplant populations. Moreover, acute hepatitis
C infection can be treated effectively with short duration DAA
therapy and modeling studies have suggested it is cost saving to
treat all individuals who present with acute hepatitis C.** The cur-
rent most widely available DAA therapies worldwide may be di-
vided into pangenotypic and genotype specific therapies (Table 3).
There are now three widely available first line pangenotypic thera-
pies approved for the treatment of hepatitis C in addition to a sal-
vage regimen that is used for those who fail to achieve sustained
response. Drug-drug interactions must be assessed prior to initia-
tion of therapy but there are relatively few medicines that consti-
tute absolute contraindications to administration of DAA therapy
where an alternative regimen cannot be found.

Monitoring of those on treatment for HCV has also been simpli-
fied greatly. Previously liver tests, renal function, complete blood
count, and viral levels were monitored during treatment for safety
and efficacy. The currently available approved DAAs have high ef-
ficacy and wide safety margins with few exceptions and monitor-
ing may be tailored to those with significant drug interactions, co-

http://www.e-cmh.org

Table 2. Fibrosis assessment tools before initiating HCV therapy

LMICs HICs
Fibrosis-4 All LMICs tools
Aspartate aminotransferase- FibroScan
platelets ratio
Platelet count Elastography
US/CT/MRI
Liver biopsy

Commercial serum markers
Enhanced liver fibrosis panel

Hepascore

HCV, hepatitis C virus; LMICs, low to middle income countries; HICs, high
income countries; US, ultrasound; CT, computed tomography; MRI, magnetic
resonance imaging.

infection with other viruses, and those with cirrhosis. Recent
practice guidance recommendations and expert opinion have ad-
vocated for simplified treatment algorithms with pangenotypic
therapy, with minimal monitoring during treatment with confirma-
tion of SVR 12 to 24 weeks after completion of therapy.”** These
emerging simplified treatment strategies will be especially useful
during the COVID 19 pandemic where there will be challenges in
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Table 3. Major first line DAA treatment options

HCV genotype No cirrhosis Compensated cirrhosis

1/4 GLE/PIB* 8W GLE/PIB* 8W
SOF/VEL* 12W SOF/VEL* 12W
SOF/DAC*  12W SOF/DAC* 12-24 W
LDV/SOF  8-12W  LDV/SOF 12W
EBR/GZR 12W EBR/GZR 12W

2 GLE/PIB* 8W GLE/PIB* 8W

SOF/VEL*  12W
SOF/DAC*  12W
3 GLE/PIB* 8W
SOF/VEL*  12W
SOF/DAC*  12W
5/6 GLE/PIB* 8W
SOF/VEL*  12W

SOF/VEL* 12w
SOF/DAC* 2w
GLE/PIB* 8W
SOF/VEL* 2w
SOF/DAC*  12-24W
GLE/PIB* 8W
SOF/VEL* 12W
SOF/DAC*  12W  SOF/DAC* 12w
LDV/SOF 2w LDV/SOF 12w

DAA, direct acting antiviral agent; HCV, hepatitis C virus; GLE, glecaprevir;
PIB, pibrentasvir; W, weeks; SOF, sofosbuvir; VEL, velpatasvir; DAC,
daclatasvir; LDA, ledipasvir; EBR, elbasvir; GZR, grazoprevir.

*Pan-genotypic options. Sofosbuvir/velpatasvir/voxilaprevir is a pangenotypic
option for salvage of those who do not achieve sustained virologic responce.

having patients return for clinic visits or obtain monitoring blood
draws. Populations that may require more careful monitoring in-
clude those with cirrhosis, end-stage renal disease, HCV/HIV or
HCV/hepatitis B virus (HBV) coinfection, those with hepatocellular
carcinoma, and those who have undergone solid organ transplan-
tation yet many of these populations can be managed by those
who directly care for these populations with guidance from hepa-
titis C specialists.

Care models to eliminate hepatitis C

Successful treatment and elimination of hepatitis C and meeting
2030 WHO guidelines will only occur by reducing stigma and pro-
viding universal access to treatment for those diagnosed with
hepatitis C. In addition, efforts to engage high-risk populations
who do not routinely seek or have access to health care will be
important. Historically, those with untreated opioid use disorder
or PWIDs were not treated with interferon-based therapies yet
global control of hepatitis C will only occur when models of care
for this population are refined to ensure successful diagnosis and
treatment in this population. In the DAA era, high sustained re-
sponse rates were reported in a seminal study for the treatment
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of hepatitis C in those receiving opiate agonist therapy with re-
ported sustained response rates above 91.5%. Importantly, re-
lapse rates were relatively low with a 2-year follow-up.”” These
results have been confirmed in a recent meta-analysis that exam-
ined the sustained response rates in 1,702 individuals on opiate
substitution therapy (OST) and 538 PWID patients with pooled
SVR rate of 90% for the OST population and pooled SVR rate of
88% in the PWID population, not different than control popula-
tions. Moreover no differences were seen between these popula-
tions and controls in adherence and discontinuation rates with re-
infection rates ranging from 0 to 12.5 per 100 person years.”

Sexual transmission of hepatitis C in MSM has been responsible
for multiple outbreaks of hepatitis C. The incidence of hepatitis C
in HIV-infected MSM has been estimated to be 6.35/1,000 per-
son-years.”” An increased HCV incidence have been associated
with the recent emerging use of chemsex (also known as party
and play) which includes crystal methamphetamine, gamma-hy-
droxybutyrate, or mephedrone, with phosphodiesterase-5 inhibi-
tors before or during sex.*® Behavioral factors like serosorting;
which is sex between the same HIV status partners and higher
rates of anal sex without condoms by HIV-infected men may ex-
plain why HIV-infected MSM have higher rates of HCV compared
to uninfected MSM.* With the use of pre-exposure prophylaxis
(PrEP), HIV-infected men have been reported to become infected
with HCV strains known to be found in HIV sexual transmission
networks. The use of PrEP also places these individuals at higher
risk of HCV by unprotected sexual intercourse with HCV-infected
MSM.?" Treatment as prevention with universal access to DAA
therapy has been shown to reduce the incidence of acute HCV in
this population. A recent report from the Netherlands examined
the incidence of acute hepatitis C at 17 Dutch HIV centers prior to
and after the introduction of universal access to DAA treatment.
With rapid uptake in the HIV positive MSM population, a signifi-
cant reduction in the incidence rate ratio of acute HCV was noted
one year after universal access to DAA therapy was made avail-
able that differed from the incidence rate ratios of other sexually
transmitted diseases such as gonorrhea which rose during the
same period.”

Emerging models to treat hepatitis C

Future strategies to treat HCV will involve creating models of
care that can engage individuals who have sporadic contact with
the healthcare system, with point of care diagnosis and confirma-
tion of active viremia, and subsequent linkage for staging of dis-
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Figure 2. Our approach to hepatitis C should evolve
to a decentralized model of care. HCV, hepatitis C virus.
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Decentralized testing for diagnosis
of hepatitis C with linkage to care

Figure 3. To eliminate hepatitis C, we will need to transition to decentralized diagnosis and treatment of hepatitis C by bringing hepatitis C care to
primary care clinics, rehabilitation centers, needle syringe programs, prisons, community health centers, sexual health centers, emergency/urgent care
centers in addition to expanded use of telehealth and mobile health care units.

ease, and appropriate treatment (Fig. 2). These evolving strategies
have led to the transition to a decentralized approach, where indi-
viduals present for medical care at primary care and other clinics,
receive diagnostic testing, evaluation, and treatment for hepatitis
C with DAA therapy (Fig. 3) rather than be referred to a center
specializing in the treatment of HCV. These clinics may collaborate
with specialists who can ensure that individuals with HCV are
properly evaluated and that clinic staff are properly trained to pro-
vide both diagnostic testing and treatment for hepatitis C.
Incorporation of HCV treatment into clinics that care for high
risk patients including those with opioid use disorder will be an
important strategy and emerging data has given us insights into

http://www.e-cmh.org

strategies that may be effective. One recently reported trial at a
harm reduction center reported results in 100 patients with hepa-
titis C and opioid use disorder who received a 12 week course of
DAA therapy and were offered buprenorphine therapy at initiation
of HCV treatment.” The highest sustained response rates were
seen in individuals who initiated buprenorphine and were retained
in treatment with an overall SVR rate of 92%, which was superior
to the SVR rate seen in those whose buprenorphine was discon-
tinued or who never received buprenorphine, emphasizing the
need for harm reduction measures being combined with treat-
ment of HCV. Receipt of buprenorphine at the time of treatment
was also associated with lower HIV risk-taking behavior scores
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and lower rates of opioid overdose.

Treatment as prevention is evolving as a major strategy for the
treatment of HCV. Iceland initiated the Treatment As Prevention
For Hepatitis C Program in 2016 with the aim of treating every
patient with HCV free of charge. Within 3 years of initiation, 98%
of those confirmed with HCV RNA positive testing initiated DAA
therapy with an overall SVR rate of 89%.> While there are unique
aspects regarding Iceland including its small population with just
one hospital providing care to these individuals, their findings
demonstrate that a strong commitment and scale up to testing
with linkage to treatment can lead to high rates of diagnosis and
treatment.

The use of telehealth to train healthcare providers to care for
and treat those with HCV will play a major role in hepatitis C
elimination. In the USA, the creation of Extension for Community
Healthcare Outcomes (ECHO) model of care for hepatitis C in has
allowed access to treatment for hepatitis C and other diseases in
areas with a shortage of specialists. The ECHO program uses a
multidisciplinary hub- team to train providers to care for and treat
those with hepatitis C while achieving sustained response rates
that are equivalent to specialist based care. A recent report noted
there are over 25 HCV ECHO hubs in the USA and at least 16 in-
ternational HCV ECHO programs worldwide.” Similar successful
telehealth programs have been implemented in countries across
the world and telehealth will likely play a greater role in delivering
health care across all disease states.

Recently reported initiatives

Multiple countries and regions of the world have committed to
eliminate hepatitis C with development of action plans to educate
the public about HCV, increase diagnosis, and improve linkage to
care. Two recent reports highlight this strategy can be successfully
deployed on a large scale, to allow those without routine access
to specialist care to receive treatment for HCV. India created a na-
tional action plan to eliminate viral hepatitis and the initial report
from this effort has been reported which consisted of training pri-
mary care providers from university and district hospitals through
e-learning and e-courses to provide algorithm based hepatitis C
treatment using generic DAA regimens. Primary care providers
were supervised via telehealth with assessments being done lo-
cally, and noninvasive markers were used to assess fibrosis.”® This
largely rural population (80.5%) included those with cirrhosis
(14.8% as assessed by APRI, FIB-4 or fibroscan) with the majority
infected with genotype 3 HCV.
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An interim report notes that of 48,088 individuals initially en-
rolled, 36,250 (75.4%) completed treatment thus far with a per
protocol sustained response rate of 91.6%, and sustained re-
sponse rate of 84.4% in individuals who had treatment interrup-
tions.

The prevalence of HCV in Egypt has been amongst the highest
of all countries due to prior treatment of schistosomiasis with un-
safe injections. In 2018, Egypt initiated a nationwide program to
screen for and treat hepatitis C.*’ In this ambitious program, near-
ly 50 million individuals were screened using a WHO approved
rapid diagnostic test. The effort was comprehensive with screen-
ing occurring in all primary and rural health units, all Egyptian
health insurance managed clinics, hospital and police hospitals,
and all youth centers. Mobile screening teams were also deployed
to crowded areas on special occasions including churches,
mosques, soccer stadiums and picnic areas. Nearly 50 million in-
dividuals participated in the screening program, which found an
overall seropositivity rate of 4.6% with higher rates in the Nile
Delta. Three fourths (76.5%) of the individuals with positive HCV
rapid diagnostic test had detectable viremia of which 91.8% of
these individuals initiated treatment with generic DAA therapy.
An interim per protocol SVR rate was recently reported at 98.8%
(381,491/386,103). This large-scale project highlights several im-
portant components of future strategies for treatment of hepatitis
C. The government created a national education plan with adver-
tising on television and radio, combined with newspaper adver-
tisements, billboard campaigns, and text messaging. There was
large deployment of screening teams that comprised of a physi-
cian, nurse and data entry person with widespread availability for
patients during the screening phase (12 hours per day 7 days per
week). Pricing for diagnostic testing including antibody and con-
firmatory PCR testing was negotiated to make the screening pro-
gram affordable with a negotiated cost of 0.58 USD for the rapid
diagnostic antibody test and 4.80 USD per PCR test including use
of PCR machines with linkage to a central database. This success-
ful model of care used a decentralized approach, with universal
screening in all healthcare clinics and universal access to DAA
therapy and Egypt, a low to middle income country which had the
highest prevalence of hepatitis C, may be the first country that
achieves elimination of hepatitis C.

Though the prevalence of HCV is less than HBV in Asia, the in-
frastructure that has emerged to care for those with hepatitis B
can be used as a foundation throughout Asia to achieve hepatitis
C elimination by 2030. In Asia, Taiwan has reported that they are
on track to eliminate hepatitis C.** The Taiwan Hepatitis C Policy
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Guideline 2018-2025 policy implemented in 2019 will provide 1.7
billion USD over 8 years to lower barriers of access to care and
improve screening strategies and care models for high-risk popu-
lations. Similar to other successful programs, there is a govern-
ment effort to educate the public about hepatitis C, improving
health literacy to prevent new infection and reinfection. Based on
modeling data, it is now projected that Taiwan will meet WHO
guidance by 2025.%° In Korea the prevalence of hepatitis C has
been estimated to be 0.44% and hepatitis C has been designated
as a group 3 communicable disease with mandatory sentinel sur-
veillance of new cases.*” Currently there is no universal screening
program to identify undiagnosed hepatitis C cases in Korea and it
has been estimated that up to three quarters of individuals may
be unaware of their infection. Those who are diagnosed with
hepatitis C present to specialists to receive DAA therapy. A recent
paper examined multiple strategies to meet WHO 2030 elimina-
tion targets, with strategies to meet elimination targets by 2025
or 2030 leading to significant cost savings though initial capital
investments would be required. However, to reach elimination
targets by 2025, existing diagnostic and treatment practices must
be increased nearly 4.5-fold and 3-fold, respectively. Finally, nu-
merous successful reports of elimination projects have been re-
ported in Rwanda, Mongolia, and the Republic of Georgia
amongst others.”"™*

With the high prevalence of HCV in correction facilities, this
population will require new models of care to diagnose, link to
and provide appropriate DAA therapy. This will require universal
screening programs with all confirmed HCV-positive prisoners
then being offered treatment during custody or after release from
prisons. A recent two-phase case study of HCV care pathway was
implemented in the London prison system by offering dried blood
spot testing to new arrivals at their secondary health check and
highlights the challenges with treating this population.** Prisoners
with active HCV infection finished disease stratification tests and
were reviewed weekly at a hospital-based team meeting to de-
cide management. In phase-2, the pathway was redesigned to of-

Universal care pathway
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fer opt-out blood borne virus testing with treatment referral of
HCV-positive prisoners. As a result, linkage to HCV care improved
though was still not ideal with 38.9% of incarcerated individuals
being treated or referred during the second phase. Elimination of
HCV in prisons will require local service configuration to ensure
high uptake of testing, with all HCV-positive cases then being of-
fered treatment during custody or referral to treatment after re-
lease.

FUTURE TREATMENTS FOR HEPATITIS C

With our current DAA therapies, sustained response or cure is
achieved in over 90% of individuals and thus the need for novel
therapies for HCV is not urgent. However, with the goal of elimi-
nation of hepatitis C now being pursued, it is important to note
that the majority of infectious diseases such as smallpox or polio
that have been successfully eliminated or eradicated have includ-
ed the development of an effective vaccine. A significant chal-
lenge for development of an HCV vaccine is the genetic diversity
of the virus. Different genotypes of HCV strains differ in approxi-
mately 30% of their amino acids, and different HCV subtypes in
each genotype differ in approximately 15% of their amino acids.”
The HCV can generate a diverse quasispecies of related but ge-
netically different viral variants within each infected individual by
immune selection as well as the error-prone viral polymerase.
Strategies to develop an HCV vaccine have included vaccines to
elicit T cell responses, and vaccines to generate sufficient neutral-
izing antibody titers including the development of broadly neutral-
izing antibodies.*® However, to date, no strategy has been proven
to be effective in preventing hepatitis C infection. One recent clin-
ical trial evaluating the experimental hepatitis C prime boost vac-
cine AdCh3NSmut1/MVA-NSmut was not found to be effective in
preventing chronic HCV in a randomized trial of high risk individu-
als (https://www.niaid.nih.gov/news-events/trial-evaluating-ex-
perimental-hepatitis-c-vaccine-concludes). Nonetheless, develop-

Eilbiioss Treat with
Diagnosis i pan-genotypic
S therapy
Risk-based Confirmation of active Cirrosis or no Treat Figure 4. A universal care pathway of hepatitis C can be
Universal infection cirthosis VR 12 constructed to reach elimination goals. POC, point of care;
Rapid diagnostic test  Preferably POC APRI/FIB-4/platelets Dismiss from care if no . 9 ' ! p' !
Remains barrier for Elastography cirrhosis APRI, aspartate aminotransferase-platelets ratio index; FIB-4,
elimination fibrosis-4; SVR, sustained virologic response.
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ment of a successful hepatitis C vaccine would be an important
advance in efforts toward global control of HCV.

Hepatitis C infection is straightforward to treat and difficult to
eliminate. We already have the tools to successfully treat the vast
majority of individuals who are diagnosed with HCV. However,
elimination of HCV will require a strong commitment from govern-
ments and payors to provide funding for education, diagnosis,
and treatment. The most important gap in the cascade of care
that must be addressed is to improve the screening and diagnosis
rate for those infected with HCV. Risk-based screening of targeted
populations, risk behavior screening, and universal screening will
all have a role in finding the large pool of individuals who have
yet to be diagnosed with hepatitis C. Whereas diagnostic testing
for exposure to HCV is inexpensive and can be performed as a
rapid diagnostic test, confirmation of active viremia remains a
challenge in many parts of the world and the point-of-care test to
confirm active infection remains an important challenge. Colocal-
ization of hepatitis C diagnosis and treatment in all types of
healthcare clinics that care for patients who are at risk for HCV is
an evolving and essential strategy that will allow the large pool of
individuals yet to be diagnosed the opportunity to link to care for
their hepatitis C. Simplified treatment algorithms will improve ac-
cess to treatment. These decentralized approaches have been im-
plemented successfully world-wide as part of elimination strate-
gies allowing those infected with HCV local access to treatment
(Fig. 4). While a vaccine to prevent HCV would be an ideal addi-
tion to our therapeutic armamentarium the results to date have
not yet proven successful. There are success stories of disease
eradication without vaccination such as the treatment of river
blindness and we should press forward across the world with our
efforts to successfully diagnose, treat and eliminate hepatitis C by
2030.
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