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Abstract

Hepatitis C virus (HCV) remains a critical driver of chronic liver disease, cirrhosis, and hepatocellular carcinoma
globally. Following the advent of highly effective pangenotypic direct-acting antivirals (DAASs) capable of curing
over 95% of infections, the World Health Organization (WHO) established a mandate to eliminate viral hepatitis as
a major public health threat by 2030. Achieving this goal requires a reduction of 90% in new chronic infections and
a 65% reduction in mortality relative to 2015 baselines. This review synthesizes the human epidemiological burden,
primary prevention modalities, innovative diagnostic approaches, and public health frameworks necessary to bridge
the gap between treatment capacity and real-world implementation. Despite a highly effective biomedical cure,
systemic challenges persist, including low diagnosis rates, high medication costs, and limited micro-elimination
coverage among marginalized populations such as people who inject drugs (PWID) and incarcerated individuals.
This article outlines successful international strategies, including decentralized screening and integrated harm

reduction, and frames the steps required to transition from disease control to population-level eradication.
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Introduction

Hepatitis C virus (HCV) is an enveloped, single-stranded RNA virus primarily transmitted via parenteral contact
with infectious blood or bodily fluids (Fleurence et al., 2025). Since its initial discovery and characterization, it has
evolved from an unidentifiable post-transfusion risk factor into one of the most comprehensively understood and

treatable chronic viral pathogens in medical history (Kuo et al., 1989). Despite the availability of curative medical
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interventions, the global burden remains vast. Approaching the World Health Organization’s (WHO) 2030 deadline
for viral hepatitis elimination, approximately 58 million individuals globally continue to live with chronic HCV,
resulting in roughly 290,000 deaths annually due to progressive liver pathologies like cirrhosis and hepatocellular
carcinoma (HCC) (Fleurence et al., 2025; Hellard et al., 2019).

The therapeutic paradigm of HCV underwent a structural revolution in 2014 with the emergence of all-oral,
interferon-free direct-acting antivirals (DAAs) (Toma, 2025). Modern pangenotypic regimens, such as
sofosbuvir/velpatasvir and glecaprevir/pibrentasvir, demonstrate sustained virologic response (SVR) rates exceeding
95% across all genotypes with minimal side effects and brief treatment durations of 8 to 12 weeks (Di Marco et al.,
2022; Toma, 2025). This clinical efficacy shifted the public health perspective from mitigation to global elimination
(WHO, 2016). The WHO targets call for a 90% reduction in incident cases, a 65% reduction in hepatitis-related
mortality, and the treatment of 80% of eligible individuals by 2030 (Di Marco et al., 2022).

However, translating clinical efficacy into public health elimination has exposed deep implementation gaps within
the global health sector strategy. Globally, only a minority of individuals living with chronic HCV have been
diagnosed, and an even smaller percentage have initiated therapy (Toma, 2025). Marginalized populations—such as
people who inject drugs (PWID), incarcerated populations, and individuals in low- and middle-income countries
(LMICs)—experience disproportionate barriers to care cascade progression (Akiyama et al., 2021; Grebely et al.,
2019; Millman et al., 2017). This review evaluates current public health prevention strategies, evaluates diagnostic
and therapeutic innovations, outlines micro-elimination models, and analyzes the systemic hurdles that must be

cleared to eliminate HCV as a global health threat.

Main Review

1. Epidemiology and Transmission Dynamics

The global distribution of HCV is characterized by significant regional variation. Estimates show the highest
viremic prevalence rates in the Eastern Mediterranean (2.3%) and European (1.5%) regions, contrasting with lower
rates (less than 1%) across the Americas and the Western Pacific (Di Marco et al., 2022). In specific countries such
as Egypt, Georgia, and Mongolia, past medical practices, unsafe therapeutic injections, or localized systemic

transmission led to baseline historical prevalences exceeding 4% to 6% (Di Marco et al., 2022).

Transmission dynamics are primarily driven by percutaneous exposure to blood. In high-income nations, injection
drug use via shared needles, syringes, and ancillary preparation equipment accounts for most incident infections
(Grebely et al., 2019; Smith et al., 2012). Conversely, in many LMICs, healthcare-associated transmission via
improperly sterilized equipment, unsafe blood transfusions, and multiplex medical procedures remains an active
contributor to incidence (WHO, 2016). Secondary routes of transmission include vertical (mother-to-child)
transmission, occurring in 4% to 7% of pregnancies among HCV-monoinfected women, and sexual transmission,
which is largely confined to HIV-positive men who have sex with men (MSM) (Benova et al., 2014; Platt L. et al.,
2016).

75



Biopress Journal of Pharmaceutics & Technology Vol.1 Issue. 3 (2026)

[Susceptible Population]
V¥V (Risk Exposure: Unsafe Injections, Shared Equipment, Parenteral Contact)

[Acute HCV Infection] » [Viral Eradication]
V¥ (55% - 85% Persistence > 6 Months)

[Chronic HCV Infection] (Asymptomatic Phase; Deficient Public Awareness)

v v

[Progressive Hepatic Fibrosis] [Extrahepatic Manifestations]

(15% - 45% Spontaneous Clearance)

| (Cryoglobulinemia, Renal Disease)
v

[Compensated Cirrhosis]

v v

[Decompensated Cirrhosis] [Hepatocellular Carcinoma (HCC)]

v
[Liver-Related Death]

The clinical progression of chronic HCV complicates public health screening. Following initial infection, up to 45%
of healthy young individuals achieve spontaneous viral clearance within six months due to robust innate and
adaptive immune responses (Dai, 2025). The remaining 55% to 85% develop chronic HCV infection, which remains
largely asymptomatic for decades (Dai, 2025; Smith et al., 2012). Because infected individuals frequently "look and
feel healthy,” more than half of the global pool of chronic cases remains undiagnosed, functioning as an unaddressed
reservoir for ongoing horizontal transmission (Dai, 2025; Millman et al., 2017). Left untreated, chronic viremia
initiates progressive hepatic inflammation and fibrogenesis, leading over 40-50 years to cirrhosis, hepatic

decompensation, and an elevated relative risk for primary liver malignancies (Smith et al., 2012).

2. Primary Prevention and Harm Reduction Frameworks

Because there is no effective prophylactic vaccine for HCV due to the virus’s hypervariable genomic profile and
rapid mutational escape mechanisms, primary prevention relies entirely on behavioral and structural interventions
(Di Marco et al., 2022). Within public health frameworks, harm reduction represents the cornerstone for breaking

transmission chains among high-risk cohorts.
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Needle and Syringe Programs (NSPs) and Opioid Agonist Therapy (OAT)

NSPs reduce the structural scarcity of injection equipment, lowering the frequency of needle reuse and sharing
among PWID. To achieve population-level reductions in HCV incidence, public health models demonstrate that
NSPs must be high-coverage, distributing at least 200-300 sterile syringe units per injector annually (Hellard et al.,
2019). When combined with Opioid Agonist Therapy (OAT)—utilizing maintenance doses of methadone or
buprenorphine—the synergy yields a reduction of roughly 50% to 80% in individual acquisition hazards (Platt L. et
al., 2016). OAT stabilizes behavioral patterns, reduces the overall frequency of injection events, and provides a

structured interface for integrating regular healthcare screening.

Healthcare-Associated and Cosmetic Biosecurity

In settings where the medical infrastructure is vulnerable, primary prevention requires strict adherence to universal
precaution guidelines. This includes universal donor screening of all blood products using high-specificity nucleic
acid testing (NAT) and the introduction of single-use engineered auto-disable syringes to eliminate clinical reuse
(Hellard et al., 2019). Public health campaigns must also expand education regarding minor skin-penetrating or
traumatic cosmetic procedures—such as tattooing, body piercing, and traditional scarification—where community

awareness of HCV transmission risks remains low compared to blood transfusions (Dai, 2025).

3. Diagnostic Innovations and Optimization of the Care Cascade

The traditional care cascade for HCV has historically suffered from high attrition rates due to multi-step diagnostic
algorithms that require consecutive patient appointments (Millman et al., 2017). Optimizing this pathway through

innovative screening technologies is essential for expanding diagnostic access.

Traditional Path: [Screening: Anti-HCV Ab] —P» [Loss to Follow-up] —» [Confirmatory RNA] —»
[Specialist Referral] —W» [Therapy]

Optimized Path: [Reflex / POC Testing] » [Confirmatory
RNA]—»W [Decentralized PCP Care] —P [Cure (SVR)]

Reflex Testing Protocols

The standard approach involves a primary screen for anti-HCV antibodies using enzyme immunoassays, followed
by a secondary confirmatory test for HCV RNA or HCV core antigen to distinguish between historical resolved
infections and active viremia (O' Kane & Hathorn, 2023). Historically, patients testing antibody-positive were
required to return for a separate venipuncture to confirm viremia, leading to diagnostic drop-offs. Modern public
health laboratories minimize this by utilizing reflex testing, where the primary laboratory automatically uses the
initial sample for molecular RNA confirmation if an antibody positive result occurs (O' Kane & Hathorn, 2023).
Implementing reflex workflows routinely drives confirmatory testing completion rates past 85% (Millman et al.,
2017).
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Point-of-Care (POC) and Decentralized Diagnostics

To reach marginalized or geographically isolated populations, point-of-care rapid diagnostic tests (RDTSs) using
fingerprick whole blood or oral fluid provide results in under 30 minutes at room temperature (O' Kane & Hathorn,
2023). Furthermore, the validation of Dried Blood Spot (DBS) sampling allows non-specialized personnel to collect
capillary blood samples in community harm-reduction hubs, which are then shipped to centralized laboratories for

molecular testing, bypassing the need for standard venipuncture infrastructure (O' Kane & Hathorn, 2023).

4. Secondary Prevention: ""Treatment as Prevention (TasP)

The paradigm of Secondary Prevention has been redefined by the concept of Treatment as Prevention (TasP). By
utilizing highly effective DAA regimens to rapidly eliminate the viral reservoir in actively transmitting populations,
clinicians achieve a dual benefit: individual clinical cure and the immediate reduction of onward horizontal

transmission risk (Hellard et al., 2019).

Table 1: Evolution of Hepatitis C Treatment: From the Interferon Era to the Direct-Acting Antiviral (DAA)

Era

Component Historical Paradigm (Interferon Era) = Current Public Health Standard (DAA Era)
Regimen Pegylated Interferon-alpha + Ribavirin All-oral Pangenotypic DAAs (e.g., SOF/VEL)
Composition

Treatment Duration | 24 to 48 weeks 8 to 12 weeks

Cure Rate (SVR) ~40% — 50%, genotype-dependent >95% across all viral genotypes

Tolerability Profile | Severe toxicities (anemia, depression, Highly tolerable, minor self-limiting side

cytopenias) effects

Prescription Access = Restricted to  tertiary  academic Decentralized to primary care and community

subspecialists hubs

Public Health = Individual tertiary  mitigation for Secondary prevention via ‘"Treatment as
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Function advanced disease Prevention" (TasP)

Mathematical modeling and real-world implementations show that prioritizing DAA delivery to individuals with
high transmission potential, such as active PWID, can yield rapid drops in community-wide prevalence, offsetting

initial pharmaceutical spending through reduced long-term healthcare utilization (Hellard et al., 2019).

5. Micro-Elimination Frameworks and Global Implementations

Rather than waiting for top-down macroeconomic health system overhauls, public health authorities have
increasingly adopted "micro-elimination” strategies. These frameworks break down national targets into manageable

subpopulations defined by specific risk profiles, institutional settings, or geographic areas (Cooke et al., 2019).

e Incarcerated Populations: Correctional facilities experience an elevated prevalence of HCV relative to
general communities, driven by overlapping risk behaviors (Dolan et al., 2016). Implementing opt-out
universal screening frameworks at intake, coupled with direct in-facility DAA therapy, turns prisons into
public health intervention hubs that help break outside transmission networks upon re-entry (Akiyama et
al., 2021).

e The Georgian National Elimination Program: Initiated in 2015 as the world's first comprehensive
nationwide elimination project, Georgia combined multi-sector screening across hospitals, harm reduction
centers, and prisons with specialized pharmaceutical partnerships (Handanagic et al., 2023). By 2022,
Georgia had screened approximately 80% of its adult population, curing over 80,000 viremic individuals
and reducing its total active chronic reservoir by more than 65% (Handanagic et al., 2023).

e Decentralization in Rwanda: Rwanda became a leader in sub-Saharan Africa by decentralizing HCV care
from tertiary hospitals down to local primary health clinics (Handanagic et al., 2023). Through rapid
diagnostic integration and training non-specialist primary care physicians, the country completed its
baseline goal of screening 7 million individuals, demonstrating that elimination models can succeed within

resource-constrained infrastructures (Handanagic et al., 2023).

6. Persistent Structural Barriers to 2030 Targets

Despite a highly effective biomedical cure and proven implementation frameworks, global progress remains uneven

and faces substantial structural headwinds (Fleurence et al., 2025).

Diagnostic and Treatment Costs

Although generic competition has driven the cost of an 8-to-12-week DAA course down to under $100 in several

low-income countries via voluntary licensing agreements, costs remain high in many high- and middle-income
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nations (Millman et al., 2017). Third-party payer restrictions, specialized prior-authorization hurdles, and budgetary

caps within regional health programs continue to delay immediate treatment initiation (Millman et al., 2017).

Stigma and Systematic Marginalization

HCV is heavily concentrated within socially marginalized cohorts who experience systemic stigma within healthcare
networks, including PWID, sex workers, and homeless populations (Fleurence et al., 2025). This stigma discourages
healthcare-seeking behaviors and undermines care retention. Additionally, criminalization of injection drug
possession in various jurisdictions drives these populations away from testing centers, increasing the risk of late-

stage clinical presentations and continued horizontal transmission (Akiyama et al., 2021).

Conclusion

The global elimination of Hepatitis C as a major public health threat is technically achievable but remains an
implementation challenge rather than a biomedical one. The development of short-course, pangenotypic direct-
acting antivirals has provided a highly effective cure for individual patients. However, eliminating the virus at a

population level requires scaling up public health strategies that address the entire care cascade.

Moving forward, national programs must prioritize structural harm reduction efforts, remove institutional barriers to
treatment access, and transition from specialized hospital-based care to decentralized, community-led health models.
Bridging these diagnostic and political gaps is essential for public health sectors to meet the WHO 2030 targets and
achieve global HCV elimination.

References

1. Akiyama, M. J., Kronfli, N., Cabezas, J., et al. (2021). Hepatitis C elimination among people incarcerated
in prisons: challenges and recommendations for action within a health systems framework. The Lancet
Gastroenterology & Hepatology, 6(5), 391-400.

2. Benova, L., Mohamoud, Y. A,, Calvert, C., & Abu-Raddad, L. J. (2014). Vertical transmission of hepatitis
C virus: systematic review and meta-analysis. Clinical Infectious Diseases, 59(6), 765-773.

3. Center for Disease Control and Prevention. (2024). Clinical overview of viral hepatitis. CDC Division of
Viral Hepatitis.

4. Cooke, G. S., Andrieux-Meyer, I., Applegate, T. L., et al. (2019). Accelerating the elimination of viral
hepatitis: a Lancet Gastroenterology & Hepatology Commission. The Lancet Gastroenterology &
Hepatology, 4(2), 135-184.

5. Dai, S. (2025). Awareness of hepatitis C prevention and treatment and high-risk behaviors among the
general population: a cross-sectional study. Frontiers in Public Health, 13, Article 1534169.

6. Di Marco, L., La Mantia, C., & Di Marco, V. (2022). Hepatitis C: Standard of treatment and what to do for
global elimination. Viruses, 14(3), 505.

80



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Biopress Journal of Pharmaceutics & Technology Vol.1 Issue. 3 (2026)

Dolan, K., Wirtz, A. L., Moazen, B., et al. (2016). Global burden of HIV, viral hepatitis, and tuberculosis in
prisoners and detainees. The Lancet, 388(10049), 1089-1102.

Falade-Nwulia, O., Suarez-Cuervo, C., Nelson, D. R., et al. (2017). Oral direct-acting agent therapy for
hepatitis C virus infection: a systematic review. Annals of Internal Medicine, 166(9), 637-648.

Fleurence, R. L., Alter, H. J., Collins, F. S., & Ward, J. W. (2025). Global Elimination of Hepatitis C Virus.
Annual Review of Medicine, 76(1), 29-41.

Fleurence, R. L., & Collins, F. S. (2023). A national hepatitis C elimination program in the United States: a
historic opportunity. JAMA, 329(15), 1251-1252.

Grebely, J., Larney, S., Peacock, A., et al. (2019). Global, regional, and country-level estimates of hepatitis
C infection among people who have recently injected drugs. Addiction, 114(1), 150-166.

Handanagic, S., Shadaker, S., Drobeniuc, J., Tsereteli, M., Alkhazashvili, M., Adesigbin, C., et al. (2023).
Lessons learned from global hepatitis C elimination programs. The Journal of Infectious Diseases,
229(Supplement_3), S334-S341.

Hellard, M., Schroeder, S. E., Pedrana, A., Doyle, J., & Aitken, C. (2019). The Elimination of Hepatitis C
as a Public Health Threat. Cold Spring Harbor Perspectives in Medicine, 10(4), a036939.

Kuo, G., Choo, Q. L., Alter, H. J., et al. (1989). An assay for circulating antibodies to a major etiologic
virus of human non-A, non-B hepatitis. Science, 244(4902), 362—-364.

Millman, A. J., Nelson, N. P., & Vellozzi, C. (2017). Hepatitis C: Review of the epidemiology, clinical
care, and continued challenges in the direct-acting antiviral era. Current Epidemiology Reports, 4(2), 174—
185.

O' Kane, R., & Hathorn, E. (2023). Hepatitis C: recent advances and practical management. Frontline
Gastroenterology, 14(5), 415-421.

Platt, L., Easterbrook, P., Gower, E., et al. (2016). Prevalence and burden of HCV co-infection in people
living with HIV: a global systematic review and meta-analysis. The Lancet Infectious Diseases, 16(7), 797—
808.

Smith, B. D., Jorgensen, C., Zibbell, J. E., & Beckett, G. A. (2012). Centers for Disease Control and
Prevention initiatives to prevent hepatitis C virus infection: a selective update. Clinical Infectious Diseases,
55(suppl_1), S49-S53.

Toma, D. (2025). Hepatitis C virus: Epidemiological challenges and global strategies for elimination.
Viruses, 17(8), 1069.

Ward, J. W., Hinman, A. R., & Alter, H. J. (2020). Time for the elimination of hepatitis C virus as a global
health threat. In I. M. Arias, H. J. Alter, & J. L. Boyer (Eds.), The Liver: Biology and Pathobiology (pp.
935-952). John Wiley & Sons Ltd.

Wild, C. P., Weiderpass, E., & Stewart, B. B. (Eds.). (2020). World cancer report: cancer research for
cancer prevention. International Agency for Research on Cancer.

World Health Organization. (2016). Global health sector strategies on viral hepatitis 2016-2021: Towards

ending viral hepatitis. World Health Organization.

81



23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Biopress Journal of Pharmaceutics & Technology Vol.1 Issue. 3 (2026)

World Health Organization. (2021). Global progress report on HIV, viral hepatitis and sexually
transmitted infections, 2021. World Health Organization.

Cornberg, M., Lok, A. S., Neuefeind, T., et al. (2023). Global elimination of HCV: Strategies, success
stories, and ongoing hurdles. Journal of Hepatology, 78(3), 612-625.

Hajarizadeh, B., Grebely, J., & Dore, G. J. (2021). Epidemiology and natural history of hepatitis C virus
infection. Nature Reviews Gastroenterology & Hepatology, 18(9), 615-630.

Lazarus, J. V., Safreed-Harmon, K., Thursz, M. R., et al. (2022). The Micro-elimination approach to
eliminating hepatitis C: A core strategy for localized impact. Journal of Viral Hepatitis, 29(4), 234-245.
Martin, N. K., Boerekamps, A., Hill, A., et al. (2023). Treatment-as-prevention for hepatitis C virus among
high-risk groups: Modeling and real-world evidence. The Lancet HIV, 10(2), e112—e121.

MacArthur, G. J., Minozzi, S., Martin, N., et al. (2019). Opiate substitution treatment and needle syringe
programmes for the prevention of HCV infection in people who inject drugs. Cochrane Database of
Systematic Reviews, 2019(10), CD012442.

Gower, E., Estes, C., Blach, S., et al. (2014). Global epidemiology and genotype distribution of the
hepatitis C virus infection. Journal of Hepatology, 61(1), S45-S57.

Polaris Observatory HCV Collaborators. (2022). Global change in hepatitis C virus prevalence and cascade
of care between 2015 and 2020: a modelling study. The Lancet Gastroenterology & Hepatology, 7(5), 396—
415,

Easterbrook, P., Santos, B., Purmessur, R., et al. (2023). Diagnostic innovations for hepatitis C: Point-of-
care RNA testing and self-testing approaches to meet global targets. Journal of the International AIDS
Society, 26(S2), e26114.

European Association for the Study of the Liver. (2020). EASL recommendations on treatment of hepatitis
C 2020. Journal of Hepatology, 73(5), 1170-1218.

AASLD-IDSA Hepatitis C Guidance Panel. (2023). Hepatitis C guidance 2023: Update on
recommendations for testing, managing, and treating hepatitis C virus infection. Hepatology, 78(1), 210—
235.

Bruggmann, P., & Grebely, J. (2021). Prevention, testing and care of hepatitis C among people who inject
drugs: a global perspective. International Journal of Drug Policy, 92, 103120.

de Cleen, N., Prins, M., & Grad, Y. H. (2024). The role of sexual transmission in maintaining hepatitis C
networks among specialized demographics. Current Opinion in Infectious Diseases, 37(1), 34-41.
Spearman, C. W., Dusheiko, G. M., Hellard, M., et al. (2019). Hepatitis C. The Lancet, 394(10207), 1451—
1466.

Rice, C. M., & Walker, B. D. (2022). Historical perspectives on the discovery and clinical mastery of
hepatitis C virus. Annual Review of Virology, 9(1), 1-19.

Cunningham, E. B., Wheeler, A., Hajarizadeh, B., et al. (2023). Global footprint of HCV reinfection
following successful direct-acting antiviral therapy: A systematic review. International Journal of
Epidemiology, 52(2), 481-495.

82



39.

40.

Biopress Journal of Pharmaceutics & Technology Vol.1 Issue. 3 (2026)

Degenhardt, L., Peacock, A., Colledge, S., et al. (2018). Global prevalence of injecting drug use and
sociodemographic characteristics and burden of disease of people who inject drugs. The Lancet Global
Health, 6(12), e1321-e1333.

Heffernan, A., Cooke, G. S., Nayagam, S., et al. (2021). Scaling up prevention and treatment to eliminate
hepatitis C virus in low- and middle-income countries: a cost-effectiveness analysis. The Lancet Global
Health, 9(4), e504—e513.

83



