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Graphical Abstract

Study Highlights 
• The WHO recommends widespread HCV screening to achieve elimination by 2030.
• Universal HCV self-testing is highly cost-effective, with an ICER of US$8,078 per DALY averted.
• Universal HCV self-testing can reduce severe liver disease and deaths by up to 71% and 69%, respectively, signifi-

cantly lowering the disease burden.
• Although universal HCV self-testing incurs higher costs, it is more effective than screening only high-risk popula-

tions and substantially expands access to testing.

Background/Aims: The World Health Organization (WHO) aims to eliminate hepatitis C virus (HCV) by 2030; 
therefore, widespread HCV screening is required. The WHO recommends HCV self-testing (HCVST) as a new 
approach. We aimed to evaluate disease burden reduction using the HCVST screening strategy and identify the 
most cost-effective approach.
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INTRODUCTION

Hepatitis C virus (HCV) infection imposes a substantial 

global health and economic burden, leading to liver cirrho-

sis, hepatocellular carcinoma (HCC), and liver-related mor-

tality. The advent of highly efficacious direct-acting antivi-

rals has made the treatment of HCV a feasible goal.1,2 

Treatment with direct-acting antivirals for 8–12 weeks has 

achieved a sustained virologic response (SVR) of over 

95%, which is considered a “cure”.3,4 Achieving SVR lowers 

the risk of HCC by approximately 85%, as well as decreas-

es liver-related and overall mortality by 70–75%, regardless 

of cirrhosis status.5-8

The World Health Organization (WHO) has estimated 

that, in 2019, there were 58 million people with chronic 

HCV infections worldwide, but only 21% had been diag-

nosed and 13% had received treatment.6 Thus, by 2030, 

from the baseline year of 2015, the WHO recommended 

that HCV infection be eradicated as a public health issue 

with an 80% drop in incidence and a 65% reduction in mor-

tality.9 To achieve these goals, it is essential that more than 

90% of HCV infections be diagnosed and more than 80% 

of diagnosed patients be treated.10,11 Recognizing the rising 

prevalence of HCV and the availability of effective and well-
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tolerated treatments, the Centers for Disease Control and 

Prevention (CDC) advises that all adults in the United 

States undergo HCV screening at least once in their life-

time, with more frequent testing for those with certain risk 

factors.12,13 Most patients with HCV infection remain asymp-

tomatic, therefore, screening for HCV infection should be 

conducted to ensure timely diagnosis and proper treat-

ment.14,15 Hence, the importance of universal HCV infection 

screening has been consistently reported.16-18

Meanwhile, the COVID-19 pandemic has substantially 

impacted many hepatitis elimination programs, which have 

been slowed down or completely halted, making it almost 

impossible to eliminate HCV by 2030.19 Additionally, while 

strong national programs have been implemented in some 

countries to focus on the elimination of HCV, their testing 

has plateaued over time, facing challenges in reaching key 

and vulnerable populations.20,21 Among the new and inno-

vative approaches to accelerate HCV elimination, self-test-

ing was considered. Recently, the WHO issued a new rec-

ommendation to use HCV self-testing (HCVST) as an 

additional screening approach to supplement facility-based 

testing services.20 HCVST offers privacy and convenience 

and can reduce the stigma often associated with medical 

facilities.22,23 To increase the acceptance of screening tests, 

it is necessary to simplify diagnostic approaches and im-

prove awareness.24,25 However, evaluations on the cost-ef-

fectiveness of widespread testing using new methods are 

still lacking. 

To contribute to HCV elimination according to the WHO 

goal, we assessed disease burden reduction using the 

HCVST screening strategy and the optimal strategy based 

on cost-effectiveness analysis. 

MATERIALS AND METHODS

Model development and framework

We developed a dynamic open-cohort Markov model to 

evaluate the cost-effectiveness of the universal HCVST 

screening strategy in the Republic of Korea. The structure 

of the model is composed of two elements: a decision tree 

and Markov transition model. In the decision tree, we eval-

uated the following four screening strategies: (1) universal 

screening (all individuals aged 18–79), (2) birth cohort 

screening (born between 1945–1984), (3) high-risk groups 

aged 18–79, and (4) no screening. Upon entering the mod-

el, individuals either received an HCV diagnosis or re-

mained undiagnosed according to the respective strategy, 

and then proceeded to the Markov model, entering fibrosis 

stages (F0–F4) based on the age-related distribution of fi-

brosis epidemiology (Fig. 1A).

Our Markov model was simplified using a previously pub-

lished Markov model simulating the natural history of 

chronic HCV infection in the Republic of Korea, allowing for 

a streamlined and contextually relevant approach.26 The 

Markov model consists of 13 health states, including chron-

ic hepatitis with fibrosis stages (F0–F4), sustained virologi-

cal response (SVR), decompensated cirrhosis (DCC), 

(HCC, and liver transplantation (LT). In each health state, 

patients were at risk of general or liver-related death (DCC, 

HCC, or LT). The Markov model was conducted with a one-

year cycle length and designed for a lifetime horizon. Dur-

ing the study period, the individuals transitioned based on 

the probability of transitioning between their health states. 

Thus, at the end of each cycle, they either remained in their 

current health state or shifted to a different state, culminat-

ing in the final cycle in which all individuals ultimately tran-

sitioned to the state of death (Fig. 1B). Posttreatment rein-

fection was assumed to be nonexistent.

This study conformed to the Consolidated Health Eco-

nomic Evaluation Reporting Standards in its design, analy-

sis, and reporting (Appendix 1 in Supplementary Materi-

als). Additionally, we validated the model using the 

Validation Status of Health-Economic Decision Models 

tool, a process reviewed by four independent experts (Ap-

pendix 2 in Supplementary Materials). An exemption from 

the Institutional Review Board (IRB) of Severance Hospital 

was obtained (approval number: 4-2024-0006) as the 

model inputs used only published literature and publicly 

available data.

Study population 

The study population comprised a dynamic cohort of new 

individuals reaching the study age annually and mortality ex-

its. The initial cohort at the start of 2024 comprised all the Re-

public of Korea adults aged 18–79 years, with new 18-year-

olds enrolled each year until 2030 (Supplementary Fig. 1, 

Supplementary Table 1, and Supplementary Table 2).27,28  
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Figure 1. Model structure for screening (A) strategies in decision tree. (B) Markov transition model of hepatitis C stages and progression. 
*The symbol ‘a’ indicates that the subsequent pathway follows the same sequence of events as outlined in the decision node ‘a’ within 
the dashed box. This includes initial screening for HCV antibodies, followed by RNA testing to confirm active infection. DCC, decompen-
sated cirrhosis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HCVST, hepatitis C virus self-testing; LT, liver transplantation; 
MSM, men who have sex with men; PWID, person who injects drugs; RNA, ribonucleic acid; SVR, sustained virological response; WTP, 
willingness to pay.
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High-risk groups included people who injected drugs 

(PWID) and men who had sex with men (MSM). At the be-

ginning of the screening in 2024, we estimated the number 

of HCV infections in the population and based our seven-

year screening project simulation on this estimate.

Screening strategies

Four screening strategies were evaluated: (1) universal 

screening (all individuals aged 18–79); (2) birth cohort 

screening (born between 1945–1984); (3) high-risk groups 

aged 18–79; and (4) no screening. Universal screening tar-

gets all individuals aged 18–79, aiming to provide compre-

hensive coverage by identifying and treating HCV across 

the entire adult population. Birth cohort screening focused 

on individuals born between 1945 and 1984, a group 

known to have a higher prevalence of HCV infection,29 

thereby optimizing resource use by concentrating on de-

mographics with an elevated risk. High-risk group screen-

ing included individuals aged 18–79 who engage in behav-

iors or have conditions associated with a higher risk of 

HCV infection, such as PWID and MSM, as extensively re-

ported in previous studies.16,30,31 No screening serves as a 

control scenario, representing the current status in the Re-

public of Korea, where systematic nationwide HCV screen-

ing has not been implemented. Hence, HCV testing in the 

Republic of Korea might be largely opportunistic, meaning 

that individuals might be tested for HCV infection only 

based on self-interest, job (e.g., health professional), or 

specific medical conditions (e.g., outbreak, before surgery, 

or abnormal liver function). In the study population, individ-

uals who were not targeted for screening under each strat-

egy were assumed to be diagnosed and treated for HCV 

infection at the same rate as those who were not screened. 

Anti-HCV antibodies can be screened using the HCVST. 

All patients who tested positive for anti-HCV antibodies 

were referred for HCV RNA testing for confirmatory diagno-

sis, distinguishing false-positive anti-HCV antibody results 

from prior treatment or self-recovery. Finally, treatment with 

direct-acting antivirals was initiated, if appropriate. Screen-

ing was simulated from 2024 to 2030, during which a one-

time screening was provided as part of the seven-year 

strategy, contributing to the WHO goal of HCV elimination 

by 2030. An annual screening rate of 28% was assumed, 

resulting in a cumulative rate of 90% for a one-time screen-

ing over a period of seven years. If the annual screening 

rate exceeded 28%, a cumulative rate of 90% for a one-

time screening might be achieved earlier, within less than 7 

years. Beyond 2030, no further screening was offered, and 

lifetime follow-ups will be conducted. All eligible patients 

were assumed to have an equal chance of receiving HCV 

treatment irrespective of the severity of fibrosis. Additional-

ly, it was assumed that individuals diagnosed with HCV in-

fection had the same treatment opportunities regardless of 

whether they were screened.

Estimation of transition probabilities 

A thorough literature review and public databases were 

used to estimate the transition probabilities of our model, 

focusing on data from the Republic of Korea. Data on the 

prevalence of the HCV antibody and awareness among 

those who have the antibody was retrieved from the Korea 

National Health and Nutrition Examination Survey.29 For in-

dividuals diagnosed with HCV infection, the treatment initi-

ation rate was referenced from the Korean HCV Cohort 

Study.32,33 Treatment approaches followed the standard 

regimens of glecaprevir 0.1 g/pibrentasvir 40 mg and so-

fosbuvir 0.4 g/velpatasvir 0.1 g, with SVR rates derived 

from clinical trials.34,35 The input parameters are detailed in 

Supplementary Table 3. 

Estimation of costs and utilities

Our base analysis focused on the direct medical costs, 

estimated costs from a healthcare system perspective, 

coverage of the HCVST kit, confirmatory testing, treatment, 

and other related medical expenses. The healthcare sys-

tem perspective encompasses all direct medical costs in-

curred by the healthcare system, such as medications, di-

agnostic tests, and hospital services. The medication costs 

were based on the 2023 health insurance reimbursement 

rate in the Republic of Korea. Additionally, we broadened 

our analysis to include a societal perspective encompass-

ing non-medical costs, such as transportation and caregiv-

ing, along with productivity losses. These productivity loss-

es were applicable to individuals under the age of 65 and 

accounted for treatment-related absenteeism, as well as 

losses due to disease states at or beyond the DCC level. 

Disability weights were sourced from the 2019 Global Bur-
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den of Disease estimates,36 and age-specific life expectan-

cy data for the Republic of Korea were obtained from Sta-

tistics Korea.28 All future costs and health outcomes were 

discounted annually at 4.5% according to the Korean 

guidelines. All the values used in the model are detailed in 

Supplementary Table 3. All costs were expressed as 2023 

US dollars.

Cost-effectiveness analysis

This model operates within a decision-analytic frame-

work, allowing for comprehensive cost-effectiveness analy-

sis. The results of each strategy were described for fre-

quency of screening and treatment, total costs, and 

outcomes, including both DALYs and quality-adjusted life-

years (QALYs). ICER was calculated by dividing the incre-

mental total cost of each strategy by its incremental total 

outcomes (i.e., DALY or QALY) relative to no screening. 

The willingness-to-pay (WTP) threshold was set at the per 

capita GDP (USD 33,150). The analysis assessed the cost-

effectiveness of the intervention through the ICER over dif-

ferent time horizons, focusing on lifetime evaluation and a 

supplementary 15-year short-term horizon from the start of 

the intervention. Additionally, projections were made for the 

Figure 2. Cumulative incidence of diagnosed and treated hepati-
tis C cases during universal and targeted screening strategies 
from 2024 to 2030. 
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cumulative number of expected cases of severe liver dis-

ease and liver-related mortality. 

Sensitivity analyses

Sensitivity analyses, including one-way deterministic and 

probabilistic sensitivity analyses based on 1000 Monte 

Carlo simulations, were conducted. In the probabilistic sen-

sitivity analyses, we defined the distributions of each pa-

rameter based on their respective sources. Beta distribu-

tions were used for probabilities and utilities, whereas cost 

parameters were modeled using gamma distributions 

(Supplementary Table 3). These analyses evaluated the ef-

fects of parameter uncertainties and model robustness. All 

analyses were performed using Microsoft Excel. 

RESULTS

Clinical outcomes

Upon completion of screening by 2030, the universal 

screening strategy was projected to result in 90% (95% 

confidence interval [CI] 71–94%) of all HCV-infected indi-

viduals being screened and 81% (95% CI 63–84%) receiv-

ing treatment. In the birth cohort screening, 83% (95% CI 

67–86%) were expected to be screened and 70% (95% CI 

55–73%) were treated, whereas in the high-risk group, 27% 

(95% CI 24–28%) were likely to be screened and 25% (95% 

CI 22–26%) were treated (Fig. 2).

Cost-effectiveness assessment

The effectiveness of screening strategies is expected to 

considerably vary, with a wide range of outcomes, depend-

ing on the approach used. Universal screening has been 

identified as the most effective method for reducing the 

cases of advanced disease and liver-related deaths. 

Screening up to 2030 is expected to reduce the number of 

severe cases by 12–56% compared to that with no screen-

ing, with a 15–71% decrease observed over a lifetime. Ad-

ditionally, liver-related death is anticipated to decrease by 

15–69% over the same lifetime. As the follow-up period 

was extended, the expected cumulative incidence of se-

vere liver disease and liver-related mortality declined com-

pared to that with no screening, with universal screening 

potentially preventing up to 22,516 liver-related deaths. 

However, when screening was limited to only the high-risk 

group, there was a minimal difference in outcomes com-

pared to that with no screening (Fig. 3). 

Table 1. Cost-effectiveness results from different hepatitis C virus screening strategies

Strategy Cost Incremental cost DALY DALY averted
ICER (cost per 
DALY averted)

Lifetime

Universal screening 3,850,366,380 2,164,313,631 139,097 267,942 8,078

Birth cohort screening 3,109,966,165 1,423,912,416 251,207 155,833 9,137

High-risk group screening 1,590,552,557 -95,500,192 323,111 83,929 Cost-saving

No screening 1,686,052,749 Ref. 407,039 Ref. Ref.

30 years

Universal screening 3,809,081,909 2,216,028,926 133,210 259,713 8,533

Birth cohort screening 3,051,814,783 1,458,761,799 240,729 152,194 9,585

High-risk group screening 1,511,580,072 –81,472,912 312,066 80,857 Cost-saving

No screening 1,593,052,984 Ref. 392,923 Ref. Ref.

15 years

Universal screening 3,659,779,256 2,616,082,796 102,252 167,722 15,414

Birth cohort screening 2,809,669,254 1,765,972,793 170,613 101,361 17,423

High-risk group screening 1,047,165,537 3,469,076 219,614 52,360 66

No screening 1,043,696,461 Ref. 271,974 Ref. Ref.

DALY, disability-adjusted life-year; ICER, incremental cost-effectiveness ratio; Ref., reference.
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In the base-case analysis over a lifetime, universal 

screening averted 267,942 DALYs with an associated ICER 

of US$8,078 per DALY averted (Table 1). The observation 

of a decreasing trend in the ICERs over an extended fol-

low-up period was attributed to the prolonged time from 

HCV infection to severe liver disease, highlighting the in-

creased benefits of screening over time. The high-risk 

group screening strategy demonstrated cost-effectiveness, 

was dominant, or presented the lowest ICER, followed by 

the ICER for universal screening. Other screening strate-

gies also proved to be cost-effective at the WTP threshold 

of US$33,150. However, universal screening reduced the 

highest number of DALYs and maintained high cost-effec-

tiveness throughout the observation period. 

Supplementary Table 4 presents the detailed costs, costs 

per DALY, and costs per QALY along with the results from 

the perspectives of the healthcare system and society. The 

trends in the base-case analysis were consistent per 

QALY, and from a societal perspective, the ICER were 

US$5,940 per DALY and US$5,473 per QALY.

Screening focused on high-risk groups was cost-saving 

because of the involvement of fewer populations (Supple-

mentary Table 1), which resulted in lower screening costs 

(Table 1). However, it had a minimal impact on preventing 

severe liver disease due to HCV infection, thus being the 

farthest from achieving the WHO elimination goals. Despite 

the cost-effectiveness, this strategy does not significantly 

mitigate the overall burden of severe HCV-related diseases.

Sensitivity analyses

A one-way sensitivity analysis depicted the associations 

of independent variations in parameters, such as time hori-

zon, prevalence, and cost on the ICER. The most influen-

tial parameter was the discount rate, and all parameters 

within the observed range indicated the robustness of the 

model in terms of cost-effectiveness (range: from a health-

care provider’s perspective, US$2,684–18,967 per DALY; 

from a societal perspective, US$649–17,074 per DALY) 

(Supplementary Fig. 2).

The results of the probabilistic sensitivity analysis, conduct-

ed 10,000 times, are illustrated in a cost-effectiveness accept-

ability curve and cost-effectiveness scatter plot (Fig. 4).  

The cost-effectiveness acceptability curve shows that the 

probability of a strategy being cost-effective at a WTP 

threshold of US$33,150 was greater than 100% for all strat-

egies. Additionally, the analysis indicates substantial ro-

bustness of results; even when the WTP threshold was 

lowered to approximately US$13,000, all strategies still 

achieved a cost-effectiveness probability exceeding 90%.

DISCUSSION 

In 2021, the WHO updated its guidelines on HCVST, a 

substantial step that can markedly increase the uptake of 

HCV screening, especially in countries with limited health-

Figure 4. Probabilistic sensitivity analysis results in cost-effectiveness model (A) Scatter plot with 1000 Monte Carlo simulation. (B) Ac-
ceptability curve representing the probability of the incremental cost-effectiveness ratio. DALY, disability-adjusted life-years; US$, United 
States dollar; WTP, willingness to pay.
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care access.37 Furthermore, HCVST might be beneficial 

even in countries with adequate healthcare access where 

the testing uptake has plateaued over time, facing chal-

lenges in reaching key and vulnerable populations. In the 

present study, we evaluated the cost-effectiveness of 

HCVST-based screening strategies to achieve the WHO 

goal of HCV elimination by 2030. Furthermore, we as-

sessed the extent to which the disease burden could be 

reduced using the four different strategies.

Our study has several important findings. Although the 

cost-effectiveness of blood-based testing has been well 

documented in previous studies,5,16,38 to the best of our 

knowledge, this is the first study to evaluate the cost-effec-

tiveness of HCVST-based screening strategies over a long 

period, including both targeted and general populations. 

HCVST, which is slightly expensive, may offer long-term 

savings by enhancing testing coverage and early detection, 

particularly in hard-to-reach populations. HCVST fulfilled 

the required diagnostic performance standards for effective 

screening (sensitivity 0.98, specificity 1.00).39 Thus, we re-

vealed that universal screening, rather than screening only 

high-risk individuals, is a cost-effective option that marked-

ly reduces the disease burden. While previous research 

has often focused on limited populations, such as high-risk 

groups, or recommended targeted screening (e.g., PWID 

and MSM),30,31,40 our study identified major limitations of 

risk-based and birth-cohort screening strategies. Further-

more, if self-testing kits became available at lower costs, 

the cost-effectiveness of universal screening is expected to 

increase.

Although screening strategies focusing solely on high-

risk groups might be cost-effective, WHO goal cannot be 

achieved. A major drawback of birth cohort screening, 

which focuses on age groups with higher HCV prevalence, 

is the exclusion of younger individuals. Considering that 

over 50% of HCV-infected individuals within high-risk 

groups are estimated to be under 40 years of age (Supple-

mentary Table 1), this approach may overlook a consider-

able proportion of the population. Importantly, our findings 

indicate that universal screening and testing of both high- 

and low-risk individuals can lead to a greater reduction in 

the disease burden and bring us closer to achieving HCV 

elimination.17,37

Our study has the ability to effectively capture the long-

term benefits of early detection and treatment of individuals 

with HCV over an extended period. The long time period is 

crucial, as chronic HCV infection often remains asymptom-

atic until severe liver disease manifests, and even then, it 

can remain undiagnosed for a substantial duration.41,42 This 

extended perspective allows us to comprehensively evalu-

ate the enduring impacts of HCV intervention strategies, 

shedding light on their potential to substantially improve 

public health outcomes over time.

This study used a dynamic open-cohort model, which re-

alistically reflects the implementation of multiyear screen-

ing strategies aimed at achieving the 2030 goal. By consid-

ering population dynamics and changes in health status 

over time,43 our model effectively captured the premature 

deaths caused by HCV infection. The dynamic nature of 

our cohort model allowed us to track long-term health 

trends and gain insight into the effectiveness of screening 

over time. This approach provides more accurate outcome 

predictions, reflects real-world conditions, and makes our 

findings highly relevant for public health planning.44

The results of this study demonstrate the clinical and 

economic benefits of universal HCV screening in Korea. 

However, there are some limitations to consider. First, we 

adopt a fixed annual screening rate of 28% as the base 

case. However, considering that the average participation 

rate for biennial health examinations in the Republic of Ko-

rea between 2015 and 2019 was as high as 77%, this rate 

can be regarded as a feasible assumption.45 Second, we 

applied the current treatment initiation rate of 72.8%, slight-

ly lower than the suggested value of 80%.9,10 Given that 

treatment initiation rates may not automatically increase 

with the provision of screening alone, additional awareness 

campaigns and education are required to improve these 

rates. In addition, we confirmed consistent results from the 

one-way deterministic sensitivity analysis when the treat-

ment initiation rate is 50–80% (Supplementary Fig. 2). 

Third, although most studies on targeted HCV testing strat-

egies for high-risk groups have focused on PWID, MSM, 

prisoners, or sex workers, we acknowledge that our defini-

tion of high-risk groups, focusing solely on PWID and 

MSM, might be somewhat narrow in achieving the WHO 

goal. Further studies are required to assess the potential 

benefits of expanding the high-risk group to include pa-

tients on dialysis or with diabetes.46,47 Fourth, our estimated 

target population included individuals who had already 

been diagnosed with chronic HCV infection and then treat-
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ed. While we aimed to estimate the additional benefits of 

systematic screening compared with that with the no-

screening scenario, the inclusion of a previously diagnosed 

population might have partially affected the results. Further 

studies with adjustments for this population may be neces-

sary to refine cost estimates and assess the impact of our 

HCV screening strategy. Finally, not all model inputs in the 

present study were based on empirical data. The transition 

probabilities in our disease model and sensitivity analyses 

primarily originated from prospective cohort studies and 

various kinds of pooled analyses based on real-world prac-

tice, ensuring generalizability, robustness, and clinical rele-

vance. However, further studies are required to address 

this issue.

In an international context, our study’s implications ex-

tend beyond the Republic of Korea by considering global 

variations in healthcare systems and HCV prevalence 

rates. Universal screening, irrespective of the risk level, of-

fers a potential model for countries that aim to eliminate 

HCV. The cost-effectiveness of universal screening was 

previously reported, even when compared to birth cohorts 

or risk-based screening.16,38,48 The pandemic has increased 

acceptance of self-testing, which has been established as 

essential for long-term hepatitis elimination efforts.49 Addi-

tionally, low- and middle-income countries with limited 

healthcare access may find self-testing particularly rele-

vant.37,50 Our study highlights the challenges and success-

es of HCVST implementation in these contexts and pro-

vides valuable insights.

In conclusion, our study demonstrates that the universal 

HCVST is a cost-effective and important strategy in the 

Republic of Korea, capable of diagnosing and treating over 

90% and 80% of all HCV-infected patients, respectively. 

Prioritizing healthcare services and support for the treat-

ment of high-risk groups, such as PWID, is necessary.51 Al-

though this approach incurs higher costs than risk-based 

screening, universal screening can lead to a greater reduc-

tion in disease burden and has the potential to be a more 

powerful tool than existing national programs in some 

countries. Despite the WHO goal, the findings of this report 

suggest that few countries are likely to reach elimination by 

2030 and many may fail to achieve the WHO targets.21,25 

To effectively eliminate HCV, a greater effort from govern-

ments, healthcare systems, national and international insti-

tutions, and civil society is required than is currently being 

expended.52 If the objective is to increase the number of in-

dividuals being screened, including those at heightened 

risk, and ultimately eliminate HCV, universal HCVST 

screening is a feasible and effective strategy, as suggested 

by our research findings.
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