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Abstract
Background In the United States (US), hepatitis C virus (HCV) screening is not covered by payers in settings 
outside of primary care. A non-traditional, emergency department (ED)-based HCV screening program can be cost-
effective and identify infection in vulnerable populations with a high HCV risk. This study examined the long-term 
cost-effectiveness of routine HCV screening and linkage-to-care for high-risk patients in the ED from the payer’s 
perspective.

Methods The University of Illinois Hospital and Health Sciences System (UIH) implemented Project HEAL (HIV & HCV 
Screening, Education, Awareness, Linkage-to-Care). Under this initiative, patients who presented to the ED received 
opt-out HCV screening if they were at high risk for HCV infection (birth cohort between 1945 and 1964, persons who 
inject drugs, and HIV infection) with subsequent linkage-to-care if infected. Using the summary data from Project 
HEAL, a hybrid decision-analytic Markov model was developed based on the HCV screening procedure in the ED 
and the natural history of HCV. A 30-year time horizon and 1-year cycle length were used. All patients who received 
the ED-based HCV screening were referred for treatment with direct-acting antiviral (DAA) regardless of their fibrosis 
stage.

Results When unscreened/untreated patients received DAA treatment at F1, F2, F3, and compensated cirrhosis 
stages, the incremental cost-effectiveness ratio (ICER) ranged from $6,084 to $77,063 per quality-adjusted life year 
(QALY) gained. When unscreened/untreated patients received DAA treatment at the decompensated cirrhosis stage, 
no HCV screening was dominated.

Conclusion ED-based HCV screening and linkage-to-care was cost-effective at the willingness-to-pay (WTP) 
threshold of $100,000/QALY in all scenarios. A reduction in infected persons in the community may provide additional 
benefits not evaluated in this study.
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Introduction
Hepatitis C virus (HCV) is the most common bloodborne 
infection in the United States (US). Chronic HCV infec-
tion can lead to fibrosis, cirrhosis, hepatocellular carci-
noma (HCC), and end stage liver disease. Approximately 
24% of liver transplantations in the United States (US) are 
attributed to complications of HCV infection [1].

As of 2020, the Centers for Disease Control and Pre-
vention (CDC) recommends HCV screening for all 
adults ≥ 18 years old at least once in their lifetime and 
for all pregnant patients during each pregnancy [2]. The 
CDC also recommends one-time screening in patients 
with human immunodeficiency virus (HIV) infection, 
persons who inject drugs (PWID) or shared drug equip-
ment, patients who received hemodialysis, and children 
born to a mother with HCV. Despite the HCV screening 
recommendations, almost half of patients with HCV in 
the US are unaware of their infection [3].

One significant barrier to HCV screening is the US 
insurance coverage policy. The national coverage deter-
mination (NCD) written by the Centers for Medicare 
& Medicaid Services (CMS) stated that an annual HCV 
screening is covered for patients at “high risk” for HCV 
infection as stated above [4]. A single HCV screening 
is covered for individuals who were born between 1945 
and 1965 only within a primary setting. Coverage is cur-
rently not extended to settings outside of primary care, 
including emergency department (ED), inpatient hospi-
tal, ambulatory surgical center, independent testing cen-
ter, skilled nursing facility, inpatient rehab facility, and 
hospice care. This limited coverage criteria significantly 
reduces early detection of HCV infection among patients 
who do not utilize or have access to primary care, includ-
ing the uninsured or homeless populations [5, 6]. The 
ED setting provides care to a high proportion of patients 
with a history of injection drug use and HIV infection, 
which are significant co-morbidities of HCV infection 
[7]. For vulnerable populations, EDs are often the only 
point of contact with the health care system and a bridge 
to linkage-to-care.

The University of Illinois Hospital and Health Sciences 
System (UIH), one of the largest urban medical centers 
and safety-net providers in Chicago, implemented Proj-
ect HEAL (HIV & HCV Screening, Education, Aware-
ness, Linkage-to-Care) in 2013. As a part of this initiative, 
patients who presented to the ED received opt-out HCV 
screening if they were at high risk for HCV infection 
between 2015 and 2020. For UIH patients, high risk was 
defined as birth cohort between 1945 and 1964, PWID 
(in the past or current), and HIV infection although 
birth cohort screening is no longer recommended by the 
CDC [2]. The use of intranasal drugs was not considered, 
although it is considered a risk factor for HCV.

The goal of Project HEAL was to identify undiagnosed 
patients with HCV in a non-traditional ED setting and 
link them to care.

Several studies have demonstrated the feasibility of 
an ED-based HCV screening program, but the cost-
effectiveness of a program is also important for policy-
decision makers. Therefore, we assessed the long-term 
cost-effectiveness of routine HCV screening and linkage-
to-care for high-risk patients in the ED from the payer’s 
perspective.

Methods
Study design
This study was approved by the University of Illinois at 
Chicago Institutional Review Board (IRB). This study also 
followed the structured reporting of economic evalu-
ations of health interventions according to Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) guideline [8]. A hybrid decision-analytic Mar-
kov model was developed based on the HCV screening 
procedure in the ED and the natural history of HCV 
(Figs. 1 and 2). In the decision-analytic model, patients 
who did not opt-out of HCV screening were tested for 
the HCV antibody and positive antibody test automati-
cally reflexed to run an HCV RNA test. Among patients 
who tested HCV RNA positive and referred for linkage-
to-care, some patients attended referral while other 
patients did not attend referral and were lost to follow-
up. Those who attended referral either started DAA 
treatment or did not start DAA treatment. Therefore, our 
model included multiple treatment possibilities immedi-
ately following screening: (1) HCV infected patients who 
attended referral and received HCV DAA treatment; (2) 
HCV infected patients who did not attend referral or 
did not initially receive HCV DAA treatment; (3) Indi-
viduals without HCV infection and were not treated; 
(4) Individuals who were HCV infected but had false 
negative antibody or RNA tests and did not receive HCV 
DAA treatment. In the comparator (no HCV screen-
ing), there were only two possible initial outcomes: (1) 
HCV infected patients who did not initially receive treat-
ment and (2) Individuals without HCV infection and not 
treated.

At the time of initial presentation to the ED, patients 
could be in different stages of fibrosis, based upon 
actual experience from the HEAL project. Patients with 
untreated infection could progress to several stages of 
liver complications, starting from no fibrosis (F0), mild to 
advanced fibrosis (F1-F3), compensated (F4), and decom-
pensated cirrhosis, hepatocellular carcinoma (HCC), and 
liver transplantation. If patients with F0-F4 or decom-
pensated cirrhosis started DAA treatment and achieved 
sustained virological response (SVR), they moved to cor-
responding SVR stages. Patients with HCC did not move 
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to SVR state because the treatment focus shifts to HCC 
treatment rather than HCV treatment upon HCC diag-
nosis, such as surgical, locoregional, or systemic therapy. 
All patients could progress to the death stage from any 
Markov health state.

For infected patients who did not undergo ED-based 
HCV screening or receive DAA treatment, we assumed 
they would be screened for HCV outside of the ED and 
receive DAA treatment when they developed symptoms 
at various stages (i.e., immediately at F1 or at a later 
stage). We also assumed that DAA treatment would be 

covered for all patients although some states restrict 
DAA treatment for early fibrosis stages. A separate Mar-
kov model was built for individuals without HCV infec-
tion, which consisted of only alive and dead states.

References for the model parameters are summarized 
in Table 1. Real-world data from Project HEAL was used 
to develop the decision analytic model. The proportions 
of patients initially presenting to the ED with F0-F4 were 
estimated from the study by Lin and colleagues, which 
investigated the liver fibrosis staging in HCV patients at 
UIH [9]. Because this study did not report differentiation 

Fig. 2 Markov model diagram. Abbreviation: HCV = Hepatitis C; DAA = Direct-Acting Antiviral; F = Fibrosis Stage

 

Fig. 1 Decision tree. Abbreviation: UI = University of Illinois; HCV = Hepatitis C; DAA = Direct-Acting Antiviral
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Parameter Base Case Range* Reference
Population Characteristics
Mean patient age 64 years SD: 55.4–72.6 Project HEAL
HIV co-infected patients 2.7% SD: 0.6-5% Project HEAL
PWID 27% SD: 20.9–32.4% Project HEAL
Patients with F0 12.6% - Lin 2021
Patients with F1 9.5% - Lin 2021
Patients with F2 30.5% - Lin 2021
Patients with F3 16.0% - Lin 2021
Patients with F4 compensated Cirrhosis 24.9% - Lin 2021/Chirikov 2018
Patients with F4 decompensated Cirrhosis 6.4% - Lin 2021/Chirikov 2018
Patients receiving GLE/PIB 50% - Assumption
Patients receiving SOF/VEL 50% - Assumption
Decision Tree Transition Probabilities
Probability of positive HCV-antibody among HCV screen eligible patients 0.050 0.041–0.059 Project HEAL
Probability of true negative HCV-antibody test 0.977 0.967–0.984 ARCHITECT®

Anti-HCV Assay
Probability of positive HCV-RNA among positive HCV-antibody 0.676 0.586–0.767 Project HEAL
Probability of true negative HCV-RNA test 1.0 0.994-1.0 COBAS® AmpliPrep/COBAS® 

TaqMan® HCV Test, v2.0
Probability of attend referral/linkage to care among HCV-RNA positive 
patients

0.232 0.132–0.331 Project HEAL

Probability of taking DAA treatment among patients who attended referral 0.625 0.388–0.862 Project HEAL
Markov Model Annual Transition Probabilities
F0 to F1 0.047 0.027–0.107 Zeremski 2016/

Erman 2019
F1 to F1 0.072 0.048–0.102 Zeremski 2016
F2 to F3 0.026 0.013–0.117 Zeremski 2016/

Erman 2019
F3 to compensated cirrhosis 0.114 0.058–0.214 Zeremski 2016
F3 to HCC 0.007 0.002–0.013 Xu 2016/

Axley 2018
Compensated cirrhosis to decompensated cirrhosis 0.079 0.045–0.109 Xu 2016/

Konerman 2017/
Park 2019

Compensated cirrhosis to HCC 0.025 0.017–0.034 Xu 2016
Decompensated cirrhosis to transplant 0.013 0.008–0.053 Xu 2016/Konerman 2017/

Dienstag 2011
Decompensated cirrhosis to HCC 0.049 0.035–0.063 Park 2019
HCC to transplant 0.147 0.088–0.206 Dienstag 2011
DAA SVR Rates
GLE/PIB SVR rate in F0-F2 fibrosis states 0.996 0.987–0.998 Puoti 2018
SOF/VELSVR rate in F0-F2 fibrosis states 0.994 0.992–0.997 Mangia 2020
GLE/PIB SVR rate in F3 fibrosis state 0.964 0.899–0.988 Puoti 2018
SOF/VEL SVR rate in F3 fibrosis state 0.996 0.991-1.0 Mangia 2020
GLE/PIB SVR rate in compensated cirrhosis 0.964 0.937–0.980 Gane 2019
SOF/VEL SVR rate in compensated cirrhosis 0.979 0.970–0.987 Mangia 2019
SOF/VEL SVR rate in decompensated cirrhosis 0.943 0.870–0.980 Curry 2015
SOF/VEL/VOX 12 weeks SVR rate 0.978 0.950–0.990 Bourliere 2017
SOF/VEL + ribavirin 24 weeks SVR rate 0.856 0.770–0.920 Curry 2015
Mortality Rates
F0-F1 to death 0.014 0.010–0.048 Xu 2016/Kalidindi 2020
F2 to death 0.014 0.010–0.048 Xu 2016/Kalidindi 2020
F3 to Death 0.029 0.020–0.041 Xu 2016
Compensated cirrhosis to death 0.073 0.057–0.142 Xu 2016/Kalidindi 2020
Decompensated cirrhosis to death 0.223 0.192–0.228 Lu 2016/McDonald 2021

Table 1 Model Inputs for Decision Tree and Markov Model Analysis
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Parameter Base Case Range* Reference
HCC to death 0.252 0.10-0.354 Gawrieh 2019/Moor 2018/

Turgeon 2021
Transplant to death 0.085 0.034–0.094 Groeschl 2013/Kim 2018/

Groeschl 2013
HR of mortality rate in SVR vs. no SVR 0.48 0.035–0.094 Lu 2016
No HCV infection to death/age-adjusted mortality rate Mortality 

rates 64–94
National Vital Statistics 
Reports 2020

Special Populations
HCV/HIV co-infection to SVR after GLE/PIB 0.980 0.958-0.1 Rockstroh 2018
HCV/HIV co-infection to SVR after SOF/VEL 0.953 0.890–0.990 Wyles 2017
PWID with HCV to SVR after G/P 0.929 0.860–0.990 Foster 2019
PWID with HCV to SVR after SOF/VEL 0.982 0.970–0.990 Grebely 2016
Re-infection rate in HCV/HIV co-infection 0.023 0.004–0.053 Huang 2021
Re-infection rate in HCV/PWID 0.062 0.043–0.089 Hajarizadeh 2020/

Huang 2021
Re-infection rate in HCV mono-infection 0.001 0.0002–0.002 Huang 2021
Utility Inputs
Utility of F0-F1 0.83 0.787–0.870 Cossais 2019/

Saeed 2020
Utility of F2 0.82 0.807–0.870 Cossais 2019/

Juanbeltz 2019/
Saeed 2020

Utility of F3 0.76 0.684–0.807 Cossais 2019/
Juanbeltz 2019

Utility of compensated cirrhosis 0.717 0.676–0.758 Saeed 2020
Utility of decompensated cirrhosis 0.595 0.473–0.717 Saeed 2020
Utility of HCC 0.788 0.712–0.864 Saeed 2020
Utility of liver transplant 0.701 0.615–0.787 Saeed 2020
Utility of general US population 0.83 0.787–0.870 Cossais 2019/Saeed 2020
Treatment success utility, SVR 0.029 0.023–0.035 Calculated
Treatment failure disutility 0.011 0.009–0.013 Calculated
Utility of mild to moderate chronic HCV infection (pre-treatment) 0.829 0.788–0.870 Saeed 2020
Utility of SVR 0.858 0.813–0.903 Saeed 2020
Utility of no SVR, post-treatment 0.818 0.767–0.869 Saeed 2020
Cost Inputsa, b,c

Medical costs of F0-F3 $483.85 $0-$7,949.12 Park 2019
Medical costs of compensated cirrhosis $4,526.66 $0-$30,742.20 Park 2019
Medical costs of decompensated cirrhosis $39,494.82 $31,183.93-$47,902.83 Rein 2016
Medical costs of HCC $39,523.05 $29,088.13-$49,532.26 Rein 2016
Medical costs of liver transplant $207,483.28 $198,271.94-$216,694.61 McAdam-Marx 2011
Medical costs of post-liver transplant $46,770.26 $42,098.77-$51,441.75 McAdam-Marx 2011
Medical costs of F0-F3 with SVR $817.88 $0-$5,056.01 Park 2019
Medical costs of compensated cirrhosis and decompensated cirrhosis with 
SVR

$2,067.46 $0-$11,119.66 Park 2019

Medical costs of no HCV infection $0 $7,074.99-$19,963.23 Assumption
Drug costs of 12 weeks of generic SOF/VEL treatmentd $17,264.35 $13,811.48-$20,717.22 Redbook 2021
Drug costs of 24 weeks of genetic SOF/VEL treatmentc $34,528.70 $26,622.96-$41,434.44 Redbook 2021
Drug costs of 8 weeks of GLE/PIB treatmentc $17,688.00 $14,150.40-$21,225.60 Redbook 2021
Drug costs of 12 weeks of SOF/VEL/VOXc $54,782.36 $43,825.89-$65,738.83 Redbook 2021
Drug costs of 12 weeks of ribavirinc $421.35 $337.08-$505.62 Redbook 2021
Drug costs of 24 weeks of ribavirinc $674.16 $539.33-$808.99 Redbook 2021
Costs of HCV antibody test $14.27 - 2021 Clinical Diagnostic 

Laboratory Fee Schedule
Costs of HCV RNA test $42.84 - 2021 Clinical Diagnostic 

Laboratory Fee Schedule

Table 1 (continued) 
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in the proportion of patients with compensated and 
decompensated cirrhosis, the proportions of patients 
with compensated (Child–Pugh class A) and decompen-
sated cirrhosis (Child–Pugh class B or C) were estimated 
from elsewhere [10]. Probabilities of true negative HCV-
antibody test and HCV-RNA test were derived from 
medical device package inserts [11, 12].

Patient characteristics were obtained from Project 
HEAL, a study involving 5,769 patients eligible for HCV 
screening between January 2019 and February 2020. The 
average age of patients was 64 years. The proportions of 
HCV/HIV co-infected patients and PWID were 2.6% and 
26.7%, respectively.

Transition probabilities between fibrosis stages, all-
cause mortality rates by each fibrosis stage, and utility 
inputs were obtained from published retrospective stud-
ies [13–34]. SVR rates were obtained from clinical trials 
[35–43]. All mortality rates were age-adjusted based on 
the National Vital Statistics Reports 2020 [28]. Hazard 
ratios (HR) of mortality rates in SVR vs. no SVR were 
applied to determine the SVR state mortality rates [21]. 
For patients with F0-F1 (no fibrosis and mild fibrosis) and 
patients without HCV infection, we assumed the same 
utility.

Liver-related healthcare costs were derived from bur-
den of illness studies [18, 44, 45]. DAA drug costs were 
derived from WAC costs listed in Redbook [46]. To esti-
mate a more representative cost for payers, a 33% rebate 
was applied to DAA treatments [47]. All liver-related 
healthcare costs and DAA costs were converted to 2021 
US dollars using the Personal Consumption Expenditure 
health component price index (CPI) [48]. Costs of lab 
tests, including the HCV antibody and RNA tests, were 
obtained from the 2021 cm Clinical Diagnostic Labora-
tory Fee Schedule [49].

DAA treatments
At UIH, sofosbuvir/velpatasvir (SOF/VEL) for 12 weeks 
or glecaprevir/pibrentasvir (GLE/PIB) for 8 weeks is 
used to treat HCV patients with F0-F3 stage fibrosis and 

compensated cirrhosis at approximately a 1:1 ratio. This 
study also assumed that the same DAA treatments were 
used in patients with F0-F3 stage fibrosis and compen-
sated cirrhosis. Patients with decompensated cirrhosis or 
more severe liver complications were treated with SOF/
VEL plus ribavirin for 12 weeks as recommended by the 
American Association for the Study of Liver Diseases 
(AASLD) and the Infectious Diseases Society of Amer-
ica (IDSA) HCV guidance [50]. Patients who were re-
infected with HCV were treated with the same DAA drug 
as the initial treatment. Those who did not achieve SVR 
(treatment failure) were treated with sofosbuvir/velpa-
tasvir/voxilaprevir (SOF/VEL/VOX) for 12 weeks if they 
had F0-F4 stage fibrosis and SOF/VEL plus ribavirin for 
24 weeks if they had decompensated cirrhosis or more 
severe liver complications.

Cost-effectiveness analysis and outcomes
A 30-year time horizon and 1-year model cycle were used 
in the Markov model to estimate the natural progression 
of HCV complications. All model inputs were converted 
to annual rates and a 3% discount rate was applied to cost 
and utility calculations.

In the analysis, we calculated the total HCV-related 
healthcare costs, quality-adjusted life-years (QALYs), 
and incremental cost-effectiveness ratio (ICERs) from 
the payer’s perspective when unscreened and untreated 
patients started DAA treatment at different stages 
of fibrosis. A willingness-to-pay (WTP) threshold of 
$100,000/QALY was used to determine the cost-effec-
tiveness of the ED-based HCV screening program [51].

We also conducted one-way (OWSA) and probabilis-
tic sensitivity analyses (PSA) to measure the impact of 
key parameters as well as the level of uncertainty in the 
base-case results. In OWSA, the minimum and maxi-
mum values of key model inputs were obtained from the 
model input references (e.g., 95% confidence interval or 
minimum and maximum range) and published literature. 
If there were no studies reporting minimum or maxi-
mum value for input parameters, arbitrary minimum and 

Parameter Base Case Range* Reference
Costs of referral $113.75 - 2021 Clinical Diagnostic 

Laboratory Fee Schedule
Other Information
Rebate rate 33% - IQVIA report 2021
Discount rate, costs 3% - Assumption
Discount rate, utilities 3% - Assumption
Abbreviations: CMS Centers for Medicare and Medicaid Services, HCV Hepatitis C, HR hazard ratio, PWID persons who inject drugs
a Yearly costs
b All costs converted to 2021 US
c After Wholesale Acquisition Costs rebate conversion (33%) except for counseling

*In PSA, beta distribution was used for decision tree transition probabilities, Markov model annual transition probabilities, and utility inputs; Gamma distribution 
was used for cost inputs.

Table 1 (continued) 
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maximum ranges were selected, informed by available 
supporting literature and information. ICERs were calcu-
lated accordingly based on these extreme values. In PSA, 
model inputs were varied based on their distribution 
using 1,000 Monte Carlo simulations. All analyses were 
performed in Microsoft Excel 2019 (Microsoft Corpora-
tion, Redmond, WA).

Years in HCC and liver transplant states
To evaluate the potential clinical impact of HCV screen-
ing and subsequent DAA treatment, we calculated the 
total life years in HCC and liver transplant states by 
summing the years that patients spent in these states 
across the 30-year time horizon for the no HCV screen-
ing group vs. the ED-based HCV screening group under 
different scenarios (DAA intervention in the untreated 
group at F1-decompensated cirrhosis stages).

Results
When unscreened and untreated patients started DAA 
treatments as early as F1, F2, F3, compensated cirrhosis, 
and decompensated cirrhosis, the ICERs were $77,063, 
$50,870, $25,503, and $6,084 per QALY gained, respec-
tively (Table 2). When unscreened and untreated patients 
started DAA treatments at decompensated cirrhosis, no 
HCV screening was dominated, while ED-based HCV 
screening was cost-saving. Therefore, ED-based HCV 
screening was cost-effective at the WTP threshold of 
$100,000/QALY in all scenarios.

When DAA treatment was given at F1 or later fibrosis 
stage, the OWSA showed that the medical costs of F0-F3 
stages, the medical costs of F0-F3 with SVR, and the 
probability of F0/F1 stages to death had the most impact 

on the ICERs (Supplementary Tables 1 and Supplemen-
tary Fig. 1). The PSA also demonstrated that ED-based 
HCV screening was 23% and 98% likely to be cost-effec-
tive at $50,000/QALY and $100,000/QALY WTP thresh-
olds, respectively (Fig. 3).

In addition to the economic benefits, the ED-based 
HCV screening program resulted in important clinical 
benefits, including a reduction in further liver complica-
tions such as cirrhosis, HCC, and liver-related mortal-
ity. The total number of years an HCV patient suffered 
from HCC and liver transplant was 0.48 years with no 
HCV screening and 0.004 years with HCV screening 
when DAA treatment was given at decompensated cir-
rhosis (Supplementary Table 2). When DAA treatment 
was given at F1 or later fibrosis stages, the total number 
of years in HCC and liver transplant was 0.005 with no 
HCV screening and 0.004 with HCV screening. There-
fore, the total number of years in HCC and liver trans-
plant decreased significantly when DAA treatment was 
given at an earlier stage.

Discussion
This study indicates that non-traditional, ED-based 
HCV screening was cost-effective compared to no HCV 
screening. The study results were robust in multiple sce-
narios using DAA treatment intervention at different 
stages of HCV infection complications in the unscreened 
and untreated groups. Furthermore, our study empha-
sizes the importance of expanding HCV screening efforts 
beyond traditional primary care settings. Despite the 
CDC and the U.S. Preventive Services Task Force rec-
ommending universal HCV testing in primary care, the 
screening rate for HCV in these settings remains alarm-
ingly low, ranging from 3 to 19% [52–55]. A significant 
proportion of individuals, particularly those who are 
uninsured or experiencing homelessness, lack access 
to primary care clinicians, thereby missing out on HCV 
screening opportunities in this setting. Notably, a study 
has demonstrated that adult patients lacking health 
insurance had a 22% lower likelihood of undergoing HCV 
testing compared to those with private health insurance 
[56].

EDs have over 135 million patient-visits annually and 
a great number of these patients present with a high risk 
for HCV, such as PWID and HIV infection [57]. A study 
indicated that HCV antibody seropositivity in patients 
diagnosed in the ED is twice as high as what the CDC 
estimates the prevalence is in the 1945–1965 birth cohort 
[58]. At UIH, 36.2% of eligible patients received HCV 
screening via Project HEAL between January 2019 and 
February 2020. This screening rate is higher than the 
rate in a primary care setting, as mentioned earlier, and 
demonstrates the potential impact of ED-based HCV 

Table 2 Results
DAA Inter-
vention in 
Untreated 
Groupa

Patient Group Total 
Health-
care 
Costs

QALY(s) ICER

F1 No HCV Screening $2,004.54 11.2789
ED-Based
HCV Screening

$2,036.05 11.2793 $77,062.59/
QALY

F2 No HCV Screening $1,902.41 11.2745
ED-Based
HCV Screening

$1,942.85 11.2753 $50,869.92/
QALY

F3 No HCV Screening $1,677.60 11.2567
ED-Based
HCV Screening

$1,737.71 11.2590 $25,502.73/
QALY

F4 Comp. 
Cirrhosis

No HCV Screening $2,025.93 11.2279
ED-Based
HCV Screening

$2,055.57 11.2328 $6,084.44/
QALY

F4 Decomp. 
Cirrhosis

No HCV Screening $2,796.54 11.1763 Dominated
ED-Based
HCV Screening

$2,758.76 11.1857 ($4,025.87/
QALY)

a Stage at which DAA intervention started in unscreened and untreated 
population
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screening initiatives in reaching at-risk populations who 
may not otherwise access screening and care services.

Several studies showed that ED-based HCV screening 
programs effectively increased the number of patients 
screened and diagnosed with HCV. For example, two 
US studies reported that universal, ED-based, opt-out 
HCV screening led to a higher volume of new HCV diag-
noses, especially among those who did not fall into the 
CMS coverage criteria for HCV screening [57, 59]. The 
cost-effectiveness of ED-based HCV screening was also 
demonstrated in several non-US studies. Opstaele and 
colleagues investigated the cost-effectiveness of HCV 
screening and DAA treatment in ED patients in Belgium 
[60]. Compared to no ED testing, HCV screening resulted 
in an ICER of €5,967/QALY and was cost-effective at the 
WTP threshold of €10,000/QALY. Another study evalu-
ated the opt-out ED-based HCV test and linkage-to-care 
in the UK and showed that the ED-based HCV test was 
highly cost-effective compared to no test with an ICER 
of £8,019/QALY (WTP= £20,000/QALY) [61]. In addi-
tion, Mendlowitz and colleagues demonstrated that ED-
based HCV screening and subsequent DAA treatment 
were cost-effective among general ED patients and ED 
patients born between 1945 and 1975 [62]. Although this 
study was conducted in Canada, it includes the analysis 
of ED-based HCV screening in the US healthcare setting 
using US healthcare costs. In the study, general popula-
tion screening resulted in ICERs of CAN $19,733/QALY 
and US$32,187/QALY, respectively, and birth cohort 

screening resulted in ICERs of CAN $25,584/QALY and 
the US $42,615/QALY, respectively, when compared to 
no screening. Both screenings were cost-effective at CAN 
$50,000/QALY WTP threshold. Outside of this study, we 
are unaware of other published cost-effectiveness studies 
that evaluate ED-based HCV screening programs in the 
US, which highlights the importance of this study.

As the Viral Hepatitis National Strategic Plan suggests, 
one of the strategies to eliminate HCV is to increase the 
capacity of the public health, healthcare delivery, and 
healthcare workforce to effectively identify, diagnose, and 
provide holistic care and treatment for people with viral 
hepatitis [63]. Thus CMS should support HCV screen-
ing efforts and linkage-to-care for patients outside of 
primary care settings to facilitate efforts toward HCV 
elimination in the US.

Limitations
Our study has limitations. First, the economic model was 
built based on the summary data from Project HEAL, 
which was implemented in an urban healthcare system. 
This data includes the probability of linkage-to-care and 
the proportion of HIV and PWID patients. Therefore, 
our results may not be generalizable to all US popula-
tions. Second, other HCV treatment options (e.g., elbas-
vir/grazoprevir and ledipasvir/sofosbuvir) were not 
included in this study because we only considered pan-
genotypic HCV treatment regimens that are included in 
AASLD-IDSA’s current simplified HCV guidance [50]. 

Fig. 3 Cost-effectiveness acceptability curve. *DAA Intervention at F1 or Later Fibrosis Stages
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Other healthcare systems may have utilized HCV treat-
ment regimens in different proportions, which may affect 
total healthcare costs. Third, the cost of hiring the coor-
dinator for ED-based HCV screening, extra time spent 
asking risk questions, offering and running HCV tests, 
and delivering results was not included in our model. 
This cost highly depends on the volume of patients at the 
ED and therefore would vary significantly across different 
healthcare systems. Also, our model did not incorporate 
screening costs for patients who did not undergo HCV 
screening in the ED due to a lack of available informa-
tion on the distribution of patients across various HCV 
screening sites and the associated screening costs at these 
sites. However, it is worth mentioning that the overall 
costs associated with HCV screening are relatively mini-
mal. Considering this, ED-based HCV screening would 
still remain a cost-effective option when compared to 
delayed screening in primary care settings, hospitals, 
clinics, or community centers. Finally, there was limited 
information on the utility of HCV-related conditions 
from US patients. Thus, utility estimates in our model 
were derived from European studies, and the actual utili-
ties can be different between the US versus European 
populations. Further studies are needed to estimate more 
accurate costs of fibrosis stages and utility estimates for 
HCV patients in the US.

Conclusion
To our knowledge, our study is the first to evaluate the 
cost-effectiveness of ED-based HCV screening and link-
age-to-care using real-world estimates in the US. The 
results indicate that ED-based HCV screening can reduce 
potential hepatic complications and lower the long-term 
HCV treatment costs. Also, ED-based HCV screen-
ing was extremely cost-effective for different scenarios. 
Opportunities exist as less than half of eligible patients 
were screened for HCV, and a large proportion of identi-
fied HCV-infected patients was lost to follow-up in our 
study population. If these limitations are addressed, ED-
based screening programs could benefit an even greater 
number of HCV patients.
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