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ABSTRACT

Introduction: Although  hepatitis C  virus
(HCV) infection remains a major clinical, eco-
nomic, and societal burden, the development of
curative antiviral therapy may accelerate the
path toward elimination. This analysis assessed
the progress of United States (US) states towards
achieving the World Health Organization'’s
(WHO) 2030 HCV elimination targets for inci-
dence, mortality, diagnosis, and treatment.

Methods: A previously published Markov
model was used to simulate HCV progression
over time to estimate the path to HCV elimi-
nation in each state based on prevalence,
annual treatment, and diagnosis inputs from
two large US laboratory datasets from January
2013 to December 2017. State-specific fibrosis
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stage restrictions on treatment in 2017 were
included. The model estimated the year indi-
vidual states would meet the WHO targets for
diagnosing 90% of the HCV-infected popula-
tion, treating 80% of the eligible population,
reducing new HCV infections by 80%, and
reducing HCV-related deaths by 65%. The
minimum number of annual treatments needed
between 2020 and 2030 to achieve the WHO
treatment target was also calculated.

Results: Overall, the USA is projected to
achieve HCV elimination by 2037, with indi-
vidual targets related to mortality, diagnosis,
treatment, and incidence being achieved by
2020, 2027, 2033, and 2037, respectively. Three
states (Connecticut, South Carolina, and
Washington) are on track to meet all four
elimination targets by 2030, and 18 states are
not expected to meet these targets before 2040.
The estimated annual number of treatments
required during 2020-2030 nationally to reach
the WHO treatment target is 173,514.
Conclusion: With the exception of three states,
the USA is not on target to meet the WHO 2030
elimination targets and 35% are off track by
10 years or more. Strategies must be implemented
to reduce overall prevalence by preventing new
infections, increasing rates of screening, improv-
ing linkage to care, and implementing unfettered
access to curative therapy.
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Estimating the Year Each State
in the United States Will Achieve
the World Health Organization’s
Elimination Targets

for Hepatitis C

1 THE BURDEN
m OFHCV

Chronic HCV infection is a major public
health burden associated with substantial
clinical, societal, and economic burdens.
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THIS STUDY ASSESSED THE
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(17%) HCV elimination by 2030
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BARRIERS

4 H TO ELIMINATION

This study highlights the disparity between treatment
targets and restrictions and offers an opportunity
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INTRODUCTION

Viral hepatitis C is one of the most common
blood-borne infectious diseases and is associ-
ated with a substantial clinical, societal, and
economic burden with over 70 million indi-
viduals affected globally [1, 2], including an
estimated 2.4 million people living with
chronic hepatitis C virus (HCV) infection in the
USA [3]. This burden is especially high among
younger people who inject drugs, with up to
70% of new HCV infections occurring among
people who inject drugs in the USA [4].

The number of new cases of HCV infection
among this demographic has increased from
10,000 annually in 2005 to 40,000 annually in
2016 [5]. Owing to these increases in HCV
infections among younger individuals, the
Centers for Disease Control and Prevention
(CDC), the US Preventive Services Task Force
(USPTF), and the American Association for the
Study of Liver Diseases-Infectious Diseases
Society of America (AASLD-IDSA) have all
endorsed universal screening for HCV in adults
(>18 years of age) [6-8]. Chronic HCV infection
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is characterized by progressive liver fibrosis and
the potential development of cirrhosis and
hepatocellular carcinoma (HCC) [9, 10]. In
addition to advanced liver disease, chronic HCV
infection has been associated with many extra-
hepatic manifestations that involve several
organ systems [9, 11]. As a result, untreated
HCV infection is a leading cause of morbidity
and mortality [10]. While mortality from other
top infectious diseases including human
immunodeficiency virus (HIV), malaria, and
tuberculosis is declining, mortality caused by
viral hepatitis is increasing. The number of
global deaths from hepatitis was 1.34 million in
2015 [10] which exceeds the number of HIV-
related annual deaths in 2017 (0.95 million)
[12]. Recently approved pangenotypic direct-
acting antiviral (DAA) regimens have demon-
strated high rates of sustained virologic
response and good tolerability compared with
former interferon-based therapies, and have
substantially shortened treatment durations to
8 to 12 weeks of oral therapy [13]. Therefore,
with access and linkage to care, HCV can be
successfully treated and cured in most individ-
uals, which is expected to yield substantial
reductions in estimated future healthcare costs
($3.3 billion), morbidity, and mortality (an
estimated 320,000 lives saved) in the USA [14].

The World Health Organization (WHO),
through the Global Health Sector Strategy on
Viral Hepatitis 2016-2021, has called for the
elimination of viral hepatitis as a significant
public health threat by 2030 [15]. To achieve the
goal of HCV elimination, the WHO has estab-
lished a series of HCV elimination targets related
to increases in diagnosis and treatment and
reduction in incidence and HCV-related death
[15]. With the WHO target year of elimination
only 10 years away, global progress towards HCV
elimination has been limited. A recent study has
shown that many high-income countries are not
expected to achieve elimination before 2050,
including the USA [16]. The identification of
states not on track to meet elimination targets
allows for modification of screening, assessment,
and linkage of care; therefore, the objective of this
study was to assess the progress and timeline of
US states towards achieving the 2030 HCV elim-
ination targets set by the WHO.

METHODS

Markov Model

A previously published Markov disease pro-
gression model [1, 16] was used and expanded
to simulate HCV progression over time in all
50 US states, Washington, DC, and Puerto Rico
(which will be referred to as “states” hencefor-
ward). The model was used to forecast the
annual HCV-infected population, HCV-related
deaths, and disease burden by HCV sequelae,
including fibrosis, cirrhosis, decompensated
cirrhosis, HCC, and liver-related deaths as a
means of estimating the path to the elimination
of HCV in each state. The annual disease pro-
gression rates and mortality rates for each dis-
ease state in the model were obtained from
published literature and validation of modelled
outcomes was previously published [17]. The
model has been widely adopted for this purpose
in multiple global countries and three individ-
ual US states to forecast HCV prevalence, and
the details have been described in the literature
[16, 18-23]. The disease progression model
tracks the sex- and age-structured HCV-infected
population from incidence through all stages of
liver disease [fibrosis (FO-F3 on the METAVIR
scale), compensated cirrhosis, decompensated
cirrhosis, HCC, and liver transplantation] to
eventual death (all-cause or HCV-liver-related).
The Markov model calculated the disease pro-
gression among the HCV-infected population
by age and sex beginning in 1950, accounting
for the inflows of incidence cases, and the out-
flows of mortality and patients who were trea-
ted and cured year over year to 2050.

Key HCV epidemiology data were generated
as inputs for the model, including the historical
prevalence of viremic HCV infection, the
annual diagnosed cases among the HCV-
infected population, and the antiviral treatment
regimen (number of annual treatments). HCV
prevalence data and number of treated patients
in each state (TableS1 in the supplementary
material) were estimated on the basis of the
combined de-identified data from the two large
US laboratory datasets. Identical datasets were
requested from both laboratories over the
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period of 2013-2017. All individuals who had
an HCV antibody test (used for HCV screening
to assess exposure to HCV) and an HCV-RNA
viral-load test (used to confirm current HCV
infection) between Januaryl, 2013 and
December 31, 2017 were included in this anal-
ysis. In this dataset, the HCV RNA+ population
was defined as the total number of patients with
a positive HCV RNA test in the selected year. A
longitudinal methodology was applied to define
the prevalence of chronic HCV infection based
on continuous laboratory tests to assess eligi-
bility and carry HCV-related results forward. A
machine learning methodology was applied to
predict the proportion of patients with active
HCV (RNA+) who were treated and cured in
each year [24]. The total number of unique HCV
RNA+ individuals from 2013 to 2017 who were
not cured was calculated to represent the total
number of patients with diagnosed HCV in the
USA [25].

To estimate the real-world number of HCV
viremic patients in the US population, a geo-
graphic area-specific utilization of the data from
the laboratory companies was used to extrapo-
late the number of HCV RNA+ patients in our
dataset. The overall HCV viremic population
was defined as the total number of unique
patients with a positive HCV RNA test recorded
during 2013-2017. The total number of unique
HCV RNA+ individuals from 2013 to 2017 who
had not been cured was calculated to represent
the noninstitutionalized population of HCV-
infected persons similar to the national repre-
sentative sample from the published literature
(National Health and Nutrition Examination
Survey, NHANES) [26]. The extrapolated HCV
RNA+ estimates can be interpreted as the total
number of diagnosed HCV viremic patients in
the USA. A 48% undiagnosed rate was assumed
in the estimation of the overall number of HCV-
infected patients in the USA up to 2017 [27].
The proportion of patients with active HCV
(RNA+) who were treated in 2017 as estimated
by the machine learning algorithm was then
applied to calculate the annual number of
treated patients among all diagnosed HCV
viremic patients.

Incident HCV infections were calculated
separately into historical and future vyears.

Previously described calibration procedures
were used to calibrate historical incident cases
to match the reported total viremic HCV
prevalence for the overall population, as well as
by sex and age group [1, 16]. Afterwards, the sex
and age distribution of new infections was back-
calculated to match reported prevalence by sex
and age, assuming that the sex and age distri-
butions of the general and HCV-infected pop-
ulations were the same on the state level as on
the national level. Future incident cases of HCV
infection were assumed to change at the same
annual rate as chronic prevalent cases (FO or
overall), relative to 2017 benchmark levels. In
states with treatment or reimbursement restric-
tions based on fibrosis stage, the annual rate of
change in incident cases was linked to the
annual rate of change in modeled FO preva-
lence. In states without treatment or reim-
bursement restrictions by fibrosis stage, the rate
of change in HCV infection incident cases was
based on the rate of change in all chronic
prevalent cases [16].

The data on the annual number of treat-
ments from 2015 to 2017 estimated from the
two large laboratory datasets demonstrated a
trending decrease in the number of patients
treated each year. During this period, an
approximate decrease of 4% in the annual
number of treated patients was observed at the
US national level. To reflect the trend in which
the number of treated patients decreased
between 2015 and 2017 in the actual observed
data, we assumed the annual number of treated
patients will continue to decrease at a 4% rate
from 2020. State Medicaid restrictions on
treatment in 2017 based on fibrosis stage were
also considered to assess their role in delaying
HCV elimination [28].

The primary clinical outcome of the model
was the annual HCV-infected population by
stage of liver disease, sex, and age, as well as the
HCV-related deaths in the population. These
outputs were used to estimate the path toward
the elimination of HCV as a public health threat
as per the WHO targets for 2030.
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WHO Elimination Targets

The WHO has identified four targets that need
to be achieved to eliminate HCV as a public
health threat by 2030 (relative to 2015 bench-
mark levels): (1) diagnosing 90% of the HCV-
infected population; (2) treating 80% of the
eligible population; (3) reducing new HCV
infections by 80%; and (4) reducing HCV-
related deaths by 65% [15]. Modeled forecasts
on the annual HCV-infected population and
the number of HCV-related deaths were used to
estimate the year in which individual states
would meet these four WHO elimination tar-
gets, assuming levels of HCV diagnosis and
treatment in 2017 would remain constant
through 2030 [15]. The projected year in which
all four WHO elimination targets were collec-
tively met was considered the year of HCV
elimination. States that met all four goals before
2030 were considered on track for meeting the
WHO elimination goal.

The study also estimated HCV prevalence for
each state. On the basis of this information, the
average minimum number of annual treat-
ments necessary to achieve the WHO'’s treat-
ment target over the course of 2020-2030 was
calculated for every state to establish policy
benchmarks for monitoring progress towards
elimination annually. In line with the diagnosis
coverage target, 90% of the chronic prevalent
population was considered treatment eligible.
The number of annual treatments necessary to
meet the treatment target for elimination by
2030 was calculated by dividing 80% of the
treatment-eligible population by 11 (the num-
ber of years between 2020 and 2030), net of
cumulative treatments during the years
2015-2019.

Compliance with Ethics Guidelines

With permission, this modeling study utilized
de-identified data from two US laboratory
datasets. Because the data were de-identified, no
ethics committee approval was required.

RESULTS

Estimated Prevalence of Patients
with HCV (HCV RNA+) in 2017

The estimated prevalence of patients who are
HCV RNA+ in 2017 is illustrated in Fig. S1 in
the supplementary material. Overall, we esti-
mated a total of 3,063,343 patients with HCV in
the USA in 2017 with prevalence varying by
state. The state with the highest prevalence of
HCV infection was California (507,181), and
the state with the lowest prevalence was
Hawaii (854).

WHO Elimination Targets: Overall Year
of Elimination

The projected year for achieving all four WHO
elimination targets (i.e., overall year of elimi-
nation) in individual states in the USA is shown
in Fig.1 and Table 1. The projected year of
overall elimination was soonest in Connecticut
(2028) and latest in Hawaii, North Dakota,
Ohio, Oregon, Puerto Rico, Rhode Island, South
Dakota, and West Virginia (all beyond 2050).
According to the national-level data, overall
HCV elimination in the USA is projected to be
achieved by 2037. Only three states (Connecti-
cut, South Carolina, and Washington) are on
track to meet all four elimination targets by
2030, and 18 states are not expected to meet
these targets before 2040.

Year of Achieving Individual WHO
Elimination Targets

The years in which individual states are esti-
mated to meet each of the four elimination
targets related to incidence, liver-related death,
diagnosis, and treatment are shown in Table 1.
Of the four targets, reducing new HCV infec-
tions by 80% by the year 2030 is least likely to
be achieved in individual states. Specifically,
only three states (6%; Connecticut, South Car-
olina, and Washington) are on track to reduce
new HCV infections by 80% by 2030. Less than
one-third of states [16 states (31%)] are on track
to meet the goal of treating 80% of the eligible
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3The estimation may be less accurate owing to the small number of HCV patients in the area.

HCV, hepatitis C virus.

Year:

@ <2030

@ 2031-2035
2036-2040

@ 2041-2049

@ 22050

Fig. 1 Year of elimination. * The estimation may be less accurate owing to the small number of patients with HCV in

the area. HCV hepatitis C virus

population by 2030. On the other hand, states
are more likely to meet the WHO goals of
diagnosing 90% of HCV infections by 2030
[45 states (87%) are on track] and reducing HCV
mortality by 65% by 2030 [47 states (90%) are
on track].

Similar trends for achieving the four indi-
vidual goals were observed for the USA as a
whole, with the estimated year of achieving
each goal being 2020 for reducing HCV mozr-
tality by 65%, 2027 for diagnosing more than
90% of the HCV population, 2033 for treating
more than 80% of the eligible HCV population,
and 2037 for reducing new HCV infections
by 80%.

Nine states (17%) had treatment restrictions
based on liver fibrosis severity in 2017 (Table 1)
according to the reported state Medicaid
restriction policy [28]. This included five states
with restrictions based on F3 disease (Arkansas,
Minnesota, Montana, South Dakota, and Tex-
as), three states with restrictions by F2 disease
(Alabama, Iowa, and Nebraska), and one state
with restrictions based on F1 disease (Mary-
land). None of these states were expected to
achieve HCV elimination by 2030.

Annual Number Needed to Treat to Meet
2030 Elimination Targets

The estimated annual number of treatments
required nationally during 2020-2030 to reach
the treatment target for HCV elimination by
2030 is 173,514. The estimated number needed
to treat in each individual state is illustrated in
Fig. 2 and listed for each state in Table 1. The
estimated annual number of treatments ranged
from 51 to 29,147 across the 52 states, with
Hawaii having the lowest number needed to
treat (51) and California (29,147) having the
highest number needed to treat. Other states
requiring at least 5000 patients to be treated to
reach 2030 targets are (in decreasing order)
Texas, Ohio, Florida, Pennsylvania, New York,
Michigan, and Arizona. Thirteen states require
at most 500 treatments between 2020 and 2030
to reach 2030 targets. These include (in
decreasing order) lowa, Nebraska, Montana,
New Hampshire, Alaska, Idaho, South Dakota,
Puerto Rico, Rhode Island, Wyoming, Vermont,
North Dakota, and Hawaii.
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Table 1 Annual number needed to treat between 2020 and 2030 to achieve elimination by 2030

State Year in which individual WHO elimination Year of Annual number of Treatment NVHR
targets will be met” HCV treatments from restrictions 2020
Incidence Liver-  Diagnosis Treatment elimination 202.0—2030 to by ﬁb}'osis . medicaid

related achieve 2030 target stage in 2017 accessd
death grade

AK 2033 2020 2024 2029 2033 380 None A—

AL 2034 2020 2025 2031 2034 1922 F2 D+

AR 2039 2020 2025 2032 2039 2078 F3 F

AZ 2037 2020 2028 2034 2037 6322 None C+

CA 2039 2020 2030 2035 2039 29,147 None A—

CO 2042 2021 2028 2039 2042 3551 None A—

CT 2028 2019 2026 2026 2028 1639 None A+

DC 2039 2020 2043 2032 2043 749 None B—

DE 2038 2021 2026 2034 2038 733 None A—

FL 2031 2019 2028 2028 2031 13,350 None B+

GA 2039 2019 2026 2030 2039 3608 None C

HI* > 2050 2049 2045 > 2050 > 2050 51 None B

IA 2036 2020 2026 2032 2036 443 F2 C

ID 2034 2020 2025 2030 2034 313 None A—

IL 2044 2022 2027 2042 2044 3905 None B—

IN 2040 2021 2025 2037 2040 2264 None A—

KS 2031 2019 2027 2028 2031 766 None B

KY 2045 2025 2026 2045 2045 4505 None B

LA 2041 2021 2024 2038 2041 2469 None A

MA 2032 2019 2026 2029 2032 4760 None A

MD 2034 2020 2028 2031 2034 3648 F1 B

ME 2037 2021 2031 2034 2037 629 None A—

MI 2042 2023 2026 2041 2042 7113 None A—

MN 2032 2019 2025 2027 2032 930 F3 D+

MO 2037 2020 2025 2034 2037 2584 None A

MS 2031 2019 2025 2028 2031 943 None D+

MT 2040 2021 2025 2035 2040 428 F3 A—

NC 2032 2019 2026 2029 2032 4564 None B

ND* >2050 2045 2028 > 2050 > 2050 122 None C+

NE 2047 2025 2024 2047 2047 430 F2 C—
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Table 1 continued

State Year in which individual WHO elimination Year of Annual number of Treatment NVHR
targets will be met® HCV treatments from restrictions 2020
Incidence Liver-  Diagnosis Treatment elimination 202'0—2030 to by ﬁb'rosis . medicaid

related achieve 2030 target stage in 2017 access
death grade

NH 2036 2020 2025 2032 2036 393 None B+

NJ 2033 2020 2031 2030 2033 3880 None A—

NM 2040 2021 2022 2036 2040 1347 None A

NV 2031 2019 2029 2028 2031 1124 None A—

NY 2034 2020 2035 2031 2035 7268 None A—

OH > 2050 2040 2026 > 2050 > 2050 13,521 None A—

OK 2032 2019 2026 2029 2032 1957 None C

OR > 2050 2027 2025 > 2050 > 2050 2322 None A—

PA 2035 2020 2029 2032 2035 7931 None A—

PR* > 2050 > 2050 > 2050 > 2050 > 2050 205 None B

RI* > 2050 2042 2025 > 2050 > 2050 166 None A—

SC 2030 2019 2026 2027 2030 1538 None B+

SD > 2050 2034 2026 > 2050 > 2050 210 F3 F

TN 2040 2021 2026 2037 2040 3284 None C

X 2039 2020 2027 2032 2039 13,621 F3 D+

UT 2042 2022 2026 2039 2042 585 None C—

VA 2033 2020 2028 2030 2033 3160 None B+

VT 2047 2025 2032 2043 2047 144 None A—

WA 2030 2019 2025 2027 2030 3133 None A

WI 2039 2021 2025 2035 2039 1171 None A

WV  >2050 2029 2028 > 2050 > 2050 1774 None B—

WY?* 2041 2022 2028 2036 2041 148 None B

HCV hepatitis C virus, NVHR National Viral Hepatitis Roundtable, WHO World Health Organization

* The estimation may be less accurate owing to the small number of patients with HCV in the area

® Elimination target thresholds: 80% reduction in incidence, 65% reduction in liver-related deaths, diagnosis of 90% of the
HCV-infected population, and treating 80% of the eligible population

© Patients must reach a certain stage of fibrosis/liver disease prior to becoming eligible for treatment

42020 Medicaid Access Grades are provided by the National Viral Hepatitis Roundtable and based on discriminatory state
Medicaid restrictions (i.e., fibrosis/liver disease treatment restrictions, sobriety treatment restrictions, and prescriber
restrictions) [28]
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2The estimation may be less accurate owing to the small number of HCV patients in the area.
HCV, hepatitis C virus.
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Fig. 2 Annual number needed to treat between 2020 and 2030. * The estimation may be less accurate owing to the
small number of patients with HCV in the area. HCV hepatitis C virus

DISCUSSION

Our study, which assessed the progress and
timeline for US states to achieve the 2030 WHO
HCV elimination targets, suggests that the USA
is not on track to meet these targets, as it is
projected to achieve HCV elimination by 2037.
Our analysis of states that are not projected to
meet elimination targets allows for modifica-
tions in screening, assessment, and linkage to
care. Comprehensive data similar to those used
in this study that are regularly updated can be
accessed by healthcare providers, policymakers,
and payers to view the progress towards elimi-
nation in  their states (accessed at
MappingHepC.com) [25].

In a previous study that utilized similar
methodologies and models to project the year
of elimination, the estimated year of elimina-
tion in the USA was beyond 2050 [16]. The
present analysis estimates an earlier year of HCV
elimination based on the availability of preva-
lence, diagnosis, and treatment inputs from two
large laboratory datasets. In contrast, the pre-
vious study was based on data derived from the
Polaris Observatory, which relied on the best
available published sources at the time of the
study [16]. In the present study, we identified

substantial differences between states for the
estimated time to HCV elimination; these dif-
ferences were driven by heterogeneous progress
toward meeting the targets set by the WHO for
HCV diagnosis, treatment, incidence, and
mortality. When assessed at the state level, only
6% of states are on track to achieve overall HCV
elimination by 2030 and 35% of states are not
expected to meet these targets before 2040.
Additionally, we estimated the overall preva-
lence of patients with active HCV infection
(RNA+ patients) in the USA to be approximately
3,063,343, which is a higher estimate than
previously reported from the NHANES data
(2.3-2.4 million) [3, 26, 29]. The present study
utilizes a dataset that combines two large de-iden-
tified US laboratory datasets from January 2013
through December 2017, while the NHANES data
included data from 2013 to 2016 based on surveys
extrapolated to the US population.

Among the individual WHO targets, the goal
of reducing new incidences of HCV by 80%
appears to be the most difficult to achieve. Only
three states (6%) are on track to meet this goal
by 2030, while 18 states (35%) are estimated to
achieve this goal in 2040 or later. These data
indicate that increased efforts are needed to
prioritize treatment for all patients with active

A\ Adis



Adv Ther (2021) 38:423-440

435

HCV infection, particularly those at risk of
transmitting HCV to others, including those
who inject drugs and prisoners [3]. Meeting the
WHO treatment target by 2030 is also behind
schedule in most states (69%) and the USA as a
whole. The annual number needed to treat to
meet the treatment target is 173,514 between
2020 and 2030. In five of eight states not pro-
jected to achieve elimination before 2050
(Hawaii, North Dakota, Rhode Island, Puerto
Rico, and South Dakota), the annual number
needed to treat is less than 500, suggesting the
annual treatment benchmark in many of these
states is low and achievable.

This study highlights the disparity between
treatment targets and restrictions and offers an
opportunity for states to reconsider barriers to
treatment. The National Viral Hepatitis
Roundtable (NVHR) report cards provide Medi-
caid access grades based on restrictions that still
exist in each state which may be prohibitive to
states meeting 2030 elimination targets [28].
Meeting the treatment target may be hampered
by the persistence of treatment restrictions
based on liver fibrosis severity in nine states
(17%); most of these states had Medicaid access
grades of C to F, apart from Maryland (B) and
Montana (A—) [28]. Additional restrictions that
may impact access to treatment, especially
among high-risk groups, include sobriety
restrictions in some states with 18 states
requiring abstinence for at least 6 months, as
well as limited access to healthcare and health
insurance among the HCV-infected population
[28]. Meeting the incidence and treatment tar-
gets will require the removal of these restric-
tions along with improved linkage to care
efforts, especially among those with substance
abuse disorders and poor social determinants of
health. In support of increased screening,
treatment, and improved linkage to care, the
CDC, USPTEF, and AASLD-IDSA have all pro-
vided updated guidance that supports universal
screening recommendations. The universal
screening guidelines indicate that all adults over
the age of 18 years should be screened for HCV
[6-8]. Additionally, AASLD-IDSA recommends
that all patients with HCV infection should be
treated, regardless of sobriety [7].

In contrast, the WHO elimination targets
relating to diagnosis and reduction in mortality
are on track for achievement in 2030 or earlier
overall in the USA as well as in at least 87% of
states. The 2019 National Virus Progress Report
estimates the USA has met the 2020 goal to
reduce the rate of HCV-related deaths [30].
While it is hard to compare different data
sources, the model projections in our study
align with that report as the model estimated
the USA to meet the mortality reduction target
in 2020. Mortality may be the easiest metric to
meet by prioritizing (through restrictions) those
patients with more advanced fibrosis, in which
it would be the easiest to measure a decrease in
mortality. Mortality may also be reduced in
those patients with more comorbid conditions
that are improved by viral eradication. How-
ever, it should be noted that the reductions in
mortality cannot capture all-cause mortality
(i.e., extrahepatic manifestations such as type 2
diabetes, end-stage renal disease, cardiovascular
disease, or malignancy) that are also drivers of
mortality but are not directly linked to HCV.

There are key barriers that directly contribute
to the limited progress in achieving HCV elim-
ination targets. In particular, political will is
considered crucial for providing sustained
commitment and funding of HCV elimination
strategies [16]. An example of a country in
which political will exists is Australia, which has
an estimated elimination target of 2026, which
is earlier than the 2030 WHO elimination target
[16]. In the USA there is growing political will as
evidenced by recent universal screening guide-
lines issued by the CDC and USPTF [6, 8] and
the CDC has designated May as Hepatitis C
Awareness Month to encourage screening of
high-risk populations [31]. Sustained political
will and policy changes at the federal and state
level as well as funding for efforts to reduce
HCV incidence and prevalence are required for
HCV elimination. Examples of ways the USA
could increase public health infrastructure to
support elimination efforts include increased
federal funding of national surveillance sys-
tems, expansion of access to and funding for
syringe exchange programs and opioid agonist
therapy, and removal of all restrictions to HCV
treatment [31]. Treatment restrictions play a
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role since, in an effort to limit costs, some states
have restricted access to treatment based on
stage of liver disease [32]. The NVHR report
cards highlight the states in which there is the
greatest need to reduce treatment restrictions
[28]. Stigma and discrimination against people
with HCV can also impact access to HCV care
[15]. Some states limit access to treatment for
those with a history of illicit drug use or alcohol
abuse [33]. This is compounded by the high lack
of awareness of HCV status among those who
inject drugs and the criminalization of drug use
in most states [34]. The link between substance
abuse and HCV is highlighted by the sharp
increase in HCV infections among subgroups of
the population who abuse or inject opioids [35].
Syringe exchange programs were previously
shown to reduce the rates of HCV infection in
New York City [36]. Limited public health and
healthcare system resources, especially from
government health insurance programs (i.e.,
Medicare, Medicaid) for screening and diagnosis
and treatment, are also a significant barrier to
treatment [14, 32]. Despite these barriers, there
is evidence suggesting that full access strategies
result in cost-savings and are associated with a
reduction in the number of patients who pro-
gress to more advanced fibrosis or cirrhosis
compared with more restrictive strategies
[32, 37]. The overall long-term social value
generated from increasing access broadly is
estimated to be substantial despite the increased
short-term costs [38]. However, lifting treat-
ment restrictions based on fibrosis staging or
sobriety alone will not allow elimination targets
to be met and may require improved linkage to
care efforts to cure marginalized and disengaged
patient populations.

There are several limitations to this analysis.
First, the model assumes that every patient with
HCV infection is at constant risk of transmitting
HCV, even though HCV transmission patterns
and risk factors may vary regionally and depend
on the size of the at-risk population in each
state [39]. The size of the at-risk population in
each state may depend on many factors,
including the number of injection drug users,
incarcerated individuals, and migrants from
areas of high HCV prevalence. Another limita-
tion is that HCV prevalence data prior to 2013

were not captured in our study. Therefore,
information is not available for individuals with
an HCV RNA+ test prior to this date without
subsequent viral load tests. The model also
assumes annual rates of treatment and diagno-
sis remain constant in the future, which may
require increased efforts in screening and link-
age to care to maintain. However, increased
efforts in screening and linkage to care and
initiating treatment in new patients may be
hampered by the recent COVID-19 global pan-
demic. In light of the pandemic, HCV treaters
have seen a reduction in face-to-face interac-
tions and increases in telehealth visits in the
USA and many healthcare providers have seen
reductions in new prescriptions, which may be
due to patients’ unwillingness to initiate new
therapy remotely and a lack of diagnostic test-
ing that prevent diagnosis of new conditions,
such as HCV infections [40]. It is anticipated
that there may be a long-term impact of
COVID-19 on healthcare provider engagement.
Despite these challenges that healthcare provi-
ders face amid the COVID-19 pandemic, several
major liver and hepatology societies recom-
mend that providers should continue treatment
of HCV-infected patients with COVID-19 and
proceed with treatment in HCV-infected
patients without COVID-19 as clinically war-
ranted [41-46]. Additionally, if there is an
indication of a flare-up or reactivation of dis-
ease, therapy should be initiated in patients
with COVID-19 and chronic HCV who are not
already receiving treatment [41-43, 45, 46]. In
patients with COVID-19 and elevated serum
liver levels, other etiologies such as HCV should
be considered, and these patients should be
screened for viral hepatitis, which may high-
light a need for increased screening and diag-
nosis in the USA [41, 43]. Further, the model
does not account for risk reduction due to
harm-reduction programs or from the priori-
tized treatment of high-risk groups. The model
also does not account for the impact of new
treatment options or shortened treatment
durations that may become available after 2017.
Finally, as with any forecast, the model results
and the estimated year of elimination provide
directional guidance on potential shortfalls in
efforts to achieve HCV elimination and
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therefore may not exactly match the future
trajectories observed in the real world.

CONCLUSION

This study highlights the limited progress
towards HCV elimination in the USA and the
need to increase HCV awareness. The estimates
in this analysis suggest that the USA and most
(94%) of the individual states are not on track to
achieve the WHO goal of HCV elimination by
2030. With 10 years remaining to meet these
targets, it is important that strategies are
implemented to increase rates of screening,
linkage to care, and unfettered access to cura-
tive therapy.
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