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Abstract

Objective—To estimate the clinical effects and cost-effectiveness of universal prenatal hepatitis 

C screening, and to calculate potential life expectancy, quality of life, and health care costs 

associated with universal prenatal hepatitis C screening and linkage to treatment.

Methods—Using a stochastic individual-level microsimulation model, we simulated the lifetimes 

of 250 million pregnant women matched at baseline with the U.S. childbearing population on age, 

injection drug use behaviors, and hepatitis C virus (HCV) infection status. Modeled outcomes 

included hepatitis C diagnosis, treatment and cure, lifetime health care costs, quality-adjusted life 

years (QALY) and incremental cost-effectiveness ratios (ICERs) comparing universal prenatal 

hepatitis C screening to current practice. We modeled whether infants exposed to maternal 

hepatitis C virus (HCV) at birth were identified as such.

Results—Hepatitis C virus–infected pregnant women lived 1.21 years longer and had 16% lower 

HCV-attributable mortality with universal prenatal hepatitis C screening, which had an ICER of 

$41,000 per QALY gained compared to current practice. Incremental cost-effectiveness ratios 

remained below $100,000 per QALY gained in most sensitivity analyses; notable exceptions 

included ICERs above $100,000 when assuming mean time to cirrhosis of 70 years, a cost greater 

than $500,000 per false positive diagnosis, or population HCV infection prevalence below 0.16%. 

Universal prenatal hepatitis C screening increased identification of infants exposed to HCV at 

birth from 44% to 92%.

Conclusions—In our model, universal prenatal hepatitis C screening improves health outcomes 

in HCV-infected women, improves identification of HCV exposure in infants born at risk, and is 

cost-effective.

PRÉCIS

Universal testing for hepatitis C in pregnancy is cost effective and would increase average life 

expectancy by 1.21 years for infected women.

INTRODUCTION

Hepatitis C virus (HCV) is a virulent, chronic, blood-borne infection which causes 

progressive liver damage and death.(1) Until recently, the only treatments available for HCV 

had serious side effects, were contraindicated for many, and cured fewer than 60% of those 

treated.(2) In 2013, the first direct-acting antiviral (DAA) treatment for HCV was approved. 

Today, DAAs can cure 95–99% of disease regardless of subtype.(3) However, as treatments 

improve, HCV incidence is rising among individuals under the age of 30 due to the opioid 

epidemic.(4, 5)

In reproductive age women, HCV prevalence doubled between 2006 and 2014, but many 

cases remain unidentified and untreated.(1, 6) For HIV, a reasonable analogy for HCV, 

guidance began with targeted risk-factor testing, as is currently recommended for HCV. 

Providers did not adequately identify stigmatized HIV risk behaviors, and targeted testing 

missed too many cases of HIV. A large proportion of pregnant women with an identified risk 

factor are not tested for HCV.(7) Eventually, guidance expanded to universal one-time HIV 
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testing, which is both effective and cost-effective.(8, 9) Universal HCV testing in adults is 

also likely cost-effective.(10, 11)

Prenatal care may provide an ideal venue to diagnose HCV in reproductive age women.(12) 

Even so, low absolute prevalence, lack of available treatment during pregnancy, and the 

extremely high cost of HCV treatment raise questions of overall impact and resource 

allocation. A study conducted before the approval of DAAs found that testing in pregnancy 

was not likely cost-effective,(13) but with an effective HCV cure, these findings are due for 

reconsideration.

METHODS

This study did not involve human subjects and therefore did not require IRB approval.

We used a simulation model to investigate the health outcomes and potential cost-

effectiveness of universal testing for hepatitis C during prenatal care. We estimated hepatitis 

C case identification rates in women and their infants, treatment courses initiated, HCV 

infection cures attained, and the incremental cost-effectiveness ratios (ICERs) of 

implementing universal hepatitis C testing in prenatal care settings compared to current 

practice.

The Hepatitis C Cost-Effectiveness (HEP-CE) model is a stochastic microsimulation model 

that has been previously used to investigate the cost-effectiveness of various strategies for 

testing for hepatitis C.(10, 14) The model generates a cohort of hypothetical individuals, 

follows them through the remainder of their life course, and records important outcomes. 

The generated individuals are representative of the population of interest; in this case, 

women in their first trimester of pregnancy. We adapted the HEP-CE model to incorporate 

details of pregnancy including U.S. fertility, live births and miscarriage rates (Table1). Key 

outcomes from the simulation include life expectancy; periods of reduced quality of life due 

to HCV infection and liver disease; whether an HCV infection is identified, treated, and 

cured; number of live births; number of infants born to women with HCV infection; whether 

such exposures are identified; and total healthcare costs. For each simulation, we generated 

hundreds of millions of hypothetical people. These individuals’ data were aggregated to 

make population-level estimates of life expectancy, quality-adjusted life expectancy, total 

healthcare costs, and care cascade outcomes under the strategies considered.

For this analysis, we considered two scenarios. The first scenario was current practice: a 

small percentage of women would be screened during prenatal care. This proportion was 

drawn from current CDC reports of hepatitis C testing in pregnancy.(15) The second 

scenario considered the effects of universal testing for HCV infection at the first clinical 

encounter for each pregnancy. For both scenarios, all women could be tested throughout 

their lifetimes for HCV infection in venues other than prenatal care. This simulated current 

practice of hepatitis C testing in the U.S., and featured higher rates of testing among people 

who inject drugs (PWID).

The simulation begins during pregnancy. We excluded induced abortions from consideration 

and assumed all pregnancies resulted in a live birth except in the case of a) maternal death or 
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b) miscarriage. After the first pregnancy and until the end of reproductive years at age 49, all 

individuals simulated may become pregnant again at a rate consistent with U.S. fertility 

patterns (Appendix 1, available online at http://links.lww.com/xxx). Our fertility data came 

from the U.S. Vital Statistics 2017 preliminary report on births.(16)

We tracked the number of infants born to women with HCV infection and calculated the 

proportion of those exposed infants in whom maternal HCV infection was identified such 

that the infant could be appropriately screened. Because infant and childhood HCV infection 

are clinically distinct entities from adult infection, and because there are no data to inform 

linkage rates in the future when infants born with infection become eligible for HCV 

treatment, we did not simulate the lifetime of HCV-infected infants, nor did we include 

infant outcomes in calculations of ICERs. We did, however, conduct sensitivity analyses on 

the cost of testing among infants born to mothers identified with HCV infection while 

pregnant.

We modeled HCV disease progression through stages of liver fibrosis categorized by 

METAVIR scores, which range from 0 to 4 based on liver biopsy or calculated from 

laboratory or imaging data (Appendix 2, available online at http://links.lww.com/xxx).(17) 

Progression through each stage is stochastic, such that some individuals never progress to 

late-stage liver disease, whereas others progress quickly. In every disease stage, HCV 

infection is associated with decreased quality of life and increased healthcare costs, as 

reflected in previous studies.(18, 19) Only when patients reach the stage of cirrhosis 

(METAVIR F4), do they become exposed to a monthly risk of HCV-related death. When 

patients reach the stage of decompensated cirrhosis, their quality of life falls further, 

healthcare costs increase, and morality increases to a rate that is higher than those with 

compensated cirrhosis.

We modeled hepatitis C testing at the first prenatal visit with serum HCV antibody testing 

followed by confirmatory HCV RNA testing. A positive antibody result triggers a reflex 

HCV RNA testing for confirmatory diagnosis of chronic HCV infection. Reflex testing is 

encouraged in the U.S. to increase identification of HCV-infected individuals. It reduces 

patient inconvenience by eliminating the need to return for a second blood draw to confirm 

the diagnosis and eliminates provider uncertainty about result interpretation. Once identified 

as HCV-infected, some but not all individuals link to HCV care to be treated. Patients who 

do not link to care or who are lost to follow-up before starting treatment maintain a 

probability of spontaneously returning to care in the future, as well as a chance of being 

screened for HCV infection at other clinical encounters and linking to care through those 

interactions (Appendix 3, available online at http://links.lww.com/xxx).

No HCV treatment is offered until after six months postpartum; this reflects current practice 

not to treat during pregnancy or breast-feeding.(20, 21) Throughout this waiting period, 

there is a probability of loss to follow-up before treatment initiation. We assumed treatment 

was available to all diagnosed patients without restrictions.

We modeled treatment with a pan-genotypic twelve-week regimen based on sofosbuvir and 

velpatasvir for those with cirrhosis and an eight-week regimen of glecaprevir and 
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pibrentasvir for those without cirrhosis. The vast majority of patients who initiate treatment 

achieve sustained virologic response (SVR), and we modeled a rate of treatment default or 

failure that reflects real-world experience.(3, 22) Untreated HCV infection results in 

progressive liver disease; liver fibrosis is associated with a reduced quality of life. Upon 

achieving SVR, fibrosis progression halts and quality of life improves, but liver disease 

never reverses to full health. After SVR, the cost of providing HCV-related care is reduced 

by 50%. Among those who had already reached cirrhosis before starting treatment, HCV 

cure results in a 96% reduction in the rate of HCV-attributable mortality.(23) The residual 

mortality after cure among people with cirrhosis reflects continued rates of hepatocellular 

carcinoma and other liver failure. Severe fibrosis and decompensated cirrhosis are associated 

with increased risk of death, which can be ameliorated but not completely relieved by SVR.

Only people who are currently injecting drugs in the model are at risk for new HCV 

infection or reinfection after cure. When previously cured patients re-contract HCV, their 

disease progression resumes at the liver fibrosis stage they had attained during the previous 

infection. We modeled transitions into and out of injection drug use, allowing for initiation 

into injection drug use from ages 12 to 25 years. All drug use is associated with increased 

mortality risk, which we model using standardized mortality ratios (SMR of 6.1 for current 

injection drug use and 1.8 for historic but not current injection drug use).(24)

We constructed a simulated cohort with demographics and HCV infection prevalence similar 

to the current population of childbearing women in the U.S. using estimates found in 

published literature and unpublished CDC communications. The generated cohort had a 

mean age of 28 years and a standard deviation of 4 years. The overall prevalence of chronic 

HCV infection in our initial cohort was 0.38% (unpublished CDC data). The large majority 

of those infections were concentrated among individuals with current or former injection 

drug use (Table 1). After initial pregnancy, women in the simulation could become pregnant 

until the age of 49. Because a substantial proportion of pregnancies prove nonviable during 

the first trimester and spontaneously terminate prior to initiation of routine prenatal care, we 

modeled only pregnancies that passed beyond the first trimester. We constructed our 

pregnancy rates by working backwards from the number of live births and adjusting for 

multiple births and miscarriage and stillbirth rates after the first trimester.(16, 25) The final 

fertility estimates were highest for women ages 30–34 (approximately 104 pregnancies per 

1,000 women) and lowest for women ages 45–49 (approximately 0.9 pregnancies per 1,000 

women).

We used unpublished CDC data to estimate that 14% of women would receive a hepatitis C 

test during pregnancy under current practice; for the intervention scenario, we modeled 

universal uptake of testing recommendations (100%). We used a published analysis of 

hepatitis C testing rates in the U.S. to inform rates of testing at other clinical encounters.(26) 

We chose to model a blood test for HCV antibody followed by a reflex to confirmatory RNA 

in order to eliminate loss-to-follow up and ensure completion of the diagnostic intervention. 

In the rare event of a false positive antibody test followed by a false positive confirmatory 

RNA, we assigned an additional cost including genotype testing, additional confirmatory 

RNA testing and further care with a physician. This cost was designed to account for the 

burden on the medical system of remediating an incorrect diagnosis in a healthy individual. 
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We modeled limited patient linkage (25%) to referral for follow-up care.(27) Among women 

who did not link to care following diagnosis, we assumed that half as many whom originally 

did link would return to HCV care over the coming 20 years.

We used clinical trial and real-world effectiveness data to determine treatment adherence and 

SVR rates between 93–99% based on HCV genotype and fibrosis stage at treatment.(28)

We used cohort studies to estimate the rates of reinfection for those with current injection 

drug use behaviors (12.3 cases per 100 person-years), and for the probability of clearance of 

HCV during the acute period, which is more likely in women than in men.(1, 29)

We estimated age-stratified healthcare costs related to co-morbidities other than hepatitis C 

using the Medical Expenditure Panel Survey (MEPS).(30) We estimated treatment costs 

using the Redbook Online database of pharmaceutical prices. Procedure costs including 

HCV antibody testing, reflex RNA and physician visits were estimated using the Medicare 

Reimbursement Fee Schedule.(31, 32)

The simulation continues until each member of the original simulated cohort dies. We also 

conducted simulations over shorter time horizons of five and ten years to predict the short-

term effects of testing for HCV infection. We simulated 250 million individuals to arrive at 

our final estimates of life expectancy and healthcare costs. Costs and quality-adjusted life 

expectancy were discounted at a rate of 3% per annum in accordance with best practices 

defined by the second panel on cost-effectiveness.(33) Discounting is a standard procedure 

in economic evaluations research that accounts for the theoretical and observed reality that 

future costs and benefits are less acute and therefore valued less relative to costs in the 

present.(34, 35) Because discounted costs are not always meaningful to clinical decision 

makers, we also report undiscounted outcomes to give more information to the healthcare 

decision-making context. All costs are represented in 2017 USD and are considered from the 

healthcare payer perspective over a lifetime horizon in order to account for the chronic 

nature of hepatitis C. We estimated ICERs as the ratio of the difference in discounted, 

lifetime medical costs between the two strategies and the difference in discounted, quality-

adjusted life years (QALY) lived under each strategy. We interpret ICERs assuming a 

willingness to pay (WTP) threshold of $100,000 per QALY gained. There is no universal 

WTP threshold, and so we chose $100,000 per QALY to maintain consistency with other 

analyses and recommendations.(36) For context in benchmarking of cost-effectiveness 

ratios, comparison to other accepted interventions may be useful. Screening for gestational 

diabetes, for example, is associated with an ICER of approximately $20,000 per QALY, 

screening for postpartum depression was found to have an ICER of approximately $14,000 

per QALY and fetal echocardiography to detect congenital heart disease was found to have 

an ICER of $113,000 per QALY.(37, 38)

Once the model was parameterized and tested, we simulated our two scenarios for 

comparison (i.e. standard of care versus testing at first clinical visit for prenatal care). After 

analyzing these results, we performed a number of sensitivity analyses and alternative 

scenarios to illustrate how conclusions could change depending on the parameter values. We 

were particularly interested in testing how key parameters such as HCV infection 

Tasillo et al. Page 6

Obstet Gynecol. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prevalence, test performance, the cost of a false positive diagnosis, linkage to care rates, and 

treatment restrictions would affect the cost-effectiveness conclusions of this analysis. We 

performed a threshold analysis on HCV prevalence to determine the lowest prevalence 

below which routine testing is not likely to be cost-effective. Finally, we considered a 

scenario in which prenatal care providers initiated HCV therapy in office; this was 

considered in anticipation of trials of HCV therapy in pregnant women.

RESULTS

Among women who were HCV-infected at the initiation of the simulation, HCV resulted in 

4.70 years of lost life expectancy and 2.88 years of lost discounted quality-adjusted life 

expectancy under the current practice scenario (Tables 2 and 3). Current practice identified 

90% of all HCV infections over the lifetime of the cohort, resulting in 63% initiating 

treatment, and 60% reaching SVR (Tables 2 and 3). Without change in HCV testing 

guidance, current practice resulted in only 16% and 27% of infections achieving SVR in the 

next five and ten years, respectively (Figure 1).

Universal prenatal testing slightly increased the percentage of all HCV infections identified 

in a lifetime to 92%, with similar small improvements in treatment initiation (66% initiated 

treatment vs. 63% for current practice) and reaching SVR (63% vs. 60% for current 

practice). However, universal testing shifted the timing of diagnosis and cure such that 27% 

(vs. 16% for current practice) and 36% (vs. 27% for current practice) of infections would 

attain SVR by five and ten years, respectively. Among those who were HCV-infected at the 

start of the simulation, universal testing resulted in 1.21 additional years of life expectancy 

and 0.5 additional years of quality-adjusted life expectancy compared to current practice. 

Universal testing in prenatal settings reduced HCV-attributable mortality by 16% over the 

lifetime of the cohort.

Universal testing more than doubled the proportion of infants born to HCV-infected women 

who were identified as exposed to HCV infection (92% with universal testing vs. 44% 

identified by current practice). Because universal testing identified infected women sooner 

and shifted the timing of treatment to earlier in life (before subsequent pregnancies), it was 

also associated with a 6% decrease in the proportion of infants born with HCV exposure.

Lifetime healthcare costs per pregnant woman were, on average, $387,071 and $387,194 for 

current practice and universal prenatal testing, respectively. Discounted lifetime healthcare 

costs were $153,168 and $153,246 for current practice and universal prenatal testing 

strategies, respectively. These cost differences of $123 (undiscounted) and $78 (discounted) 

represent the total net increase in lifetime healthcare costs per patient. These numbers 

include the cost of universal HCV prenatal testing, treatment and any other medical care 

received over the lifetime, and the future cost savings of averted liver failure and further 

cirrhosis. The small incremental cost difference reflects the fact that for a small portion of 

the total population – those with HCV infection – the cost of screening and HCV treatment 

is high, whereas for the large majority who are not HCV-infected, the cost is only the cost of 

HCV testing. When these two populations are averaged, the resulting incremental cost for 
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the entire population is expectedly small. The cost per SVR attained by universal testing in 

prenatal care was $154,000.

Compared with current practice, universal prenatal testing resulted in an average gain of 

0.002 QALY at an average additional discounted cost of $78, corresponding to an ICER of 

$41,000 per QALY gained (Table 4).

In one-way deterministic sensitivity analyses in which we ranged the population prevalence 

of HCV, the ICER of universal testing in prenatal settings compared to current practice 

remained below $100,000 per QALY gained unless the prevalence was less than half the 

original estimate (Figure 2). If HCV prevalence was 0.19% (half the original estimate) the 

ICER was $83,000 per QALY gained; if HCV prevalence was 0.152%, the ICER was 

$249,000 per QALY gained. If HCV prevalence was 0.76%, the ICER was $21,000 per 

QALY gained.

The ICER of universal testing in prenatal care compared to current practice was $69,000 per 

QALY gained when the specificity of the antibody test was 80% (Table 4). The ICER 

remained below $100,000 per QALY gained unless the associated cost of false positive 

diagnosis was greater than $500,000. If we assumed 50% of women with a history of 

injection drug use were tested during pregnancy in current practice, the ICER associated 

with universal testing was $50,000 per QALY gained.

If current PWID were not eligible for treatment, universal prenatal HCV screening was cost-

effective with an ICER of $34,000 per QALY. If treatment was denied to 35.5% of the linked 

population, as was found in a recent study, the ICER was $49,000 per QALY. Both of these 

restricted treatment scenarios resulted in reduced life expectancies compared with the base 

case, with a population-level average decrease of 0.004 and 0.009 life years for PWID 

restriction and overall limitation, respectively.

When we added the additional cost of antibody testing for infants identified as being 

exposed to HCV to the ICER calculation, the ICER rose slightly (from $41,275 to $41,317) 

but remained $41,000 per QALY when rounded to the nearest thousand (Table 4).

The results of this analysis were largely unchanged when we varied parameters within 

feasible ranges; ICERs remained under $100,000 per QALY gained when we increased 

testing outside of prenatal venues, increased testing cost, and reduced quality of life values. 

A scenario in which hepatitis C treatment was offered to patients during prenatal care 

increased SVR to 67% and was associated with an ICER of $19,000 per QALY gained 

compared with current practice. Reducing the rate of fibrosis progression by 50% so that 

average time to cirrhosis was 70 years decreased the clinical benefit of hepatitis C cure such 

that the ICER of universal testing in prenatal care increased to $168,000 per QALY gained. 

In a conservative scenario in which we assumed HCV infection prior to development of 

cirrhosis has no associated additional cost and no decrease in quality of life, the ICER of 

universal testing was $137,000 per QALY gained.
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DISCUSSION

In our simulation, testing for hepatitis C during pregnancy improved health outcomes for 

women, increased identification of exposed infants, reduced infant exposure during 

subsequent pregnancies, and was cost-effective. Women with infection lived 1.2 years longer 

with universal prenatal HCV testing. Shorter-term simulation results demonstrated the 

mechanism through which universal prenatal HCV screening provides benefit, despite the 

relatively small increase in lifetime SVR from 60% to 63%. Eventually, background testing 

for members of the general population will “catch up” to prenatal testing in terms of cases 

identified, treated, and cured, but earlier testing saves the patient years of life that would 

otherwise be lost to poor health or mortality. Although one WHO criterion for ideal 

screening tests is the availability of treatment, we have shown a benefit even with delayed 

treatment. Furthermore, our analysis demonstrated that universal hepatitis C testing followed 

by DAA treatment during pregnancy could improve cure rates from 60% to 67%, at an ICER 

of $19,000 per QALY gained.

Low absolute prevalence is sometimes cited against universal prenatal hepatitis C testing. 

However, only when the estimated prevalence of HCV infection dropped below 0.16% did 

the associated ICER cross the $100,000 per QALY gained benchmark.

Expanding the pool of individuals being tested decreases the positive predictive value of a 

test, but the two-test diagnostic algorithm for hepatitis C greatly reduces false positive test 

results. Assuming a population-level prevalence of 0.38%, 89.1% antibody specificity, and 

99.9% RNA specificity, only one out of every 10,000 individuals tested would be incorrectly 

diagnosed with HCV.(39, 40) This rare event did not alter overall cost-effectiveness 

conclusions; the ICER associated with universal testing remained below $100,000 per 

QALY gained unless the cost of a false positive was $500,000 or more.

Uncertainty surrounding key parameters is one limitation of this study. We used CDC data as 

our baseline estimate of HCV prevalence and explored the effect this parameter and others 

had through sensitivity analyses. Our conclusions were unchanged within available HCV 

prevalence estimates. A second limitation concerns HCV transmission and drug use. We 

used available data to model drug use, but with limited data and changes in opioid use in the 

U.S., this is imperfect. While we included infection and re-infection for those with injection 

drug use behaviors, we did not consider that community-level treatment may decrease 

transmission rates. If so, then we likely underestimated positive effects. A third limitation is 

the uncertainty of cost for early-stage hepatitis C, which vary considerably among studies. 

We incorporated reasonable estimates and explored these with sensitivity analyses. Finally, 

our proposed strategy of reflex testing is not available at all venues and may require 

providers to give explicit orders so that any positive HCV antibody test is followed by a 

confirmatory RNA test. Without confirmatory testing, linkage rates may decrease.

Although this study demonstrated the likely cost-effectiveness of testing pregnant women, 

this finding should not be misinterpreted as a recommendation against testing women who 

are not pregnant. Even when there is substantial hepatitis C testing occurring in other 

healthcare encounters, prenatal care offers an important opportunity for testing. Secondary 
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benefits to infants through reduced HCV transmission risk should not be considered the 

main reason to institute this strategy. Although this study focused primarily on cisgender 

(non-transgender) women, transgender men, nonbinary-identifying individuals and other 

people who do not present or identify as women also experience pregnancy and should 

receive prenatal care consistent with any existing guidelines.

Substantial policy changes raise questions surrounding both the intervention itself and its 

required resources. The Society for Maternal and Fetal Medicine issued a bulletin endorsed 

by the American Congress of Obstetricians and Gynecologists explicitly mentioning lack of 

available data on cost-effectiveness as part of their decision not to recommend universal 

hepatitis C testing in prenatal care.(41) We demonstrated that universal prenatal hepatitis C 

testing is likely to cost-effective and support this finding with sensitivity analyses. We 

addressed concerns raised in clinical practice and academic discussion, including false 

positive results and the prevalence below which universal hepatitis C testing is no longer 

cost-effective. With clinical trials underway and the possibility of hepatitis C treatment 

during pregnancy on the horizon, this study can serve as an early hypothesis of what prenatal 

hepatitis C treatment may look like.(20) We have an opportunity to identify and treat HCV 

infection in women of reproductive age, to circumvent difficulties of risk-based testing, and 

to reduce stigma of HCV testing in general. Universal prenatal HCV testing should be 

considered in plans for the elimination of viral hepatitis C as a public health threat.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Proportion of chronic hepatitis C virus infections that are predicted to be identified and 

achieve sustained virologic response during the simulation for 5 years, 10 years, and lifetime 

simulation durations in three scenarios for hepatitis C virus screening during prenatal care.
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Fig. 2. 
One-way sensitivity analysis of hepatitis C prevalence and its effect on incremental cost-

effectiveness ratio of universal hepatitis C testing in prenatal care compared with current 

practice. Dotted line represents the $100,000 per quality-adjusted life-year willingness-to-

pay threshold.
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Table 1.

Simulation model parameters. HCV = hepatitis C virus; SMR = standardized mortality ratio; PWID = person 

who injects drugs; p-y = person-year; RNA = ribonucleic acid; SVR = sustained virologic response.

Parameter Point Estimate Sensitivity Analysis Range Source

Age of cohort at simulation start 15–44 --

Risk behavior prevalence 1.25% 0–100% (42)

HCV infection attributable to risk behavior 64.2% (43)

HCV infection prevalence

 Overall 0.38% 0.152%−0.76% (15)

 With risk behavior 19.5% Calculation

 Without risk behavior 0.138% Calculation

SMR, risk behavior 6.1 (44)

SMR, former risk behavior 1.8 (44)

Monthly cessation, PWID 0.0519 (45)

Monthly relapse, PWID 0.0561 (45)

HCV infection rate (PWID only, per 100 p-y) 12.3 2.7–17.1 (29)

Pregnancy rates (per 1,000 person-years) (16, 25)

 15–19 20.6

 20–24 74.7

 25–29 103.3

 30–34 104.0

 35–39 53.3

 40–44 11.6

 45–49 0.9

 50+ 0.0

Hepatitis C testing

 During pregnancy 14% 14–50% Unpublished CDC

 No risk behavior, per 100 p-y 4 2–5.8 (26)

 With risk behavior, per 100 p-y 40 18–46 (46)

Antibody sensitivity (%) 99.5 (39, 40, 47)

Antibody specificity (%) 89.1 80–100 (39, 40)

RNA sensitivity (%) 96.6 (39, 40)

RNA specificity (%) 99.9 (39, 40)

Probability of linking to care if identified 0.25 0.20–0.30 (27)

Probability of initiating treatment if linked 0.92 0.645–0.92 (48)

Probability of completing treatment if initiated 0.993 (22)

Probability of achieving SVR if treated 0.93–0.99 (3)

Relative utility with HCV infection (19)

 Early HCV infection (f0-f3) 0.94 0.94–1.0

 Cirrhosis f4 0.75
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Parameter Point Estimate Sensitivity Analysis Range Source

 Decompensated cirrhosis 0.60

Relative utility with hepatitis C cure

 Early HCV infection (f0-f3) 0.97 0.94–1.0

 Cirrhosis f4 0.94

 Decompensated cirrhosis 0.75

HCV Treatment Cost ($)

 Glecaprevir and pibrentasvir 39,600 19,800–59,400 (49)

 Sofosbuvir and velpatasvir 68,773 47,833–89,712 (49)

RNA Test Cost ($) 78 59–117 (32)
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Table 2

Hepatitis C cascade of care. HCV = hepatitis C virus; SVR = sustained virologic response.

Strategy Infections identified (%) Patients with 
Infection 
initiating 
treatment 

(%)

Patients with 
Infections 
achieving 
SVR (%)

Reduction in 
HCV-

attributable 
mortality after 
cirrhosis* (%)

Infants 
exposed to 

HCV at birth 
identified

Infants 
exposed to 

HCV at 
birth

Current practice 90.05 62.87 60.44 -- 44% 0.54%

Universal prenatal 
hepatitis C testing

91.70 65.59 63.07 16 92% 0.50%
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Table 3.

Life expectancy outcomes

Strategy Remaining life expectancy 
(years)

Life expectancy 
lost to hepatitis 

C

Remaining discounted quality-
adjusted life expectancy (QALY)

Discounted 
quality-adjusted 
life expectancy 

lost to hepatitis C 
(QALY)

Infected Uninfected** Overall Infected Uninfected** Overall

Current practice 40.05 44.75 4.70 20.68 23.56 2.88

Universal prenatal 
hepatitis C testing

41.26 44.75 3.49 21.18 23.56 2.38

*
HCV-attributable mortality after cirrhosis represents the proportion of those with HCV infection who reach cirrhosis who ultimately die due to 

complications of HCV infection, including hepatocellular carcinoma and liver failure.

**
Remaining life expectancy and remaining QALY for “uninfected” are shown as the average predicted life expectancy for infected individuals had 

they otherwise not been infected, i.e. counterfactual to what did occur

HCV = hepatitis C virus. QALY = quality-adjusted life year.
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Table 4.

Cost-effectiveness results

Strategy Discounted 
lifetime 

healthcare 
costs ($)

Additional 
discounted 

lifetime 
healthcare 

costs ($)

Discounted QALY remaining Gain in 
discounted 

QALY

ICER ($/QALY)

Base Case

 Current practice 153,168 -- 25.976 -- --

 Universal prenatal hepatitis C 
testing

153,246 78 25.977 0.002 41,000

Prenatal hepatitis C treatment 
available

 Current practice 153,168 -- 25.976 -- --

 Universal prenatal hepatitis C 
testing

153,280 112 25.981 0.006 19,000

Prevalence of HCV infection = 
0.19%

 Current practice 153,061 -- 25.980 -- --

 Universal prenatal hepatitis C 
testing

153,128 67 25.981 0.001 83,000

Prevalence of HCV infection = 
0.152%

 Current practice 153,016 -- 25.980 -- --

 Universal prenatal hepatitis C 
testing

153,080 65 25.981 0.0003 249,000

HCV antibody test specificity = 
80%

 Current practice 153,186 -- 25.976 -- --

 Universal prenatal hepatitis C 
testing

153,279 93 25.978 0.001 69,000

False positive cost = $500,000

 Current practice 153,302 -- 25.975 -- --

 Universal prenatal hepatitis C 
testing

153,574 272 25.977 0.002 $116,000

Years to cirrhosis = 70

 Current practice 153,206 -- 25.980 -- --

 Universal prenatal hepatitis C 
testing

153,268 62 25.981 0.0004 168,000

Hepatitis C testing for PWID = 50%

 Current practice 153,168 -- 25.976 -- --

 Universal prenatal hepatitis C 
testing

153,246 78 25.977 0.002 50,000

Early hepatitis C Cost = 0

 Current practice 152,527 -- 25.986 -- --

 Universal prenatal hepatitis C 
testing

153,613 78 25.988 0.001 50,000
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Strategy Discounted 
lifetime 

healthcare 
costs ($)

Additional 
discounted 

lifetime 
healthcare 

costs ($)

Discounted QALY remaining Gain in 
discounted 

QALY

ICER ($/QALY)

Early HCV infection QoL = 1.0

 Current practice 153,168 -- 25.986 -- --

 Universal prenatal hepatitis C 
testing

153,246 78 25.988 0.001 68,000

Early HCV infection QoL = 1.0 and 
Cost = 0

 Current practice 152,527 -- 25.986 -- --

 Universal prenatal hepatitis C 
testing

152,613 86 25.987 0.001 137,000

PWID treatment restriction

 Current practice 153,143 -- 25.974 -- --

 Universal prenatal hepatitis C 
testing

153,216 73 25.976 0.002 34,000

Treatment initiation = 64.5%

 Current practice 153,137 -- 25.973 -- --

 Universal prenatal hepatitis C 
testing

153,205 68 25.975 0.001 49,000

Additional infant testing costs

 Current practice 153,168 -- 25.976 -- --

 Universal prenatal hepatitis C 
testing

153,246 78 25.977 0.002 41,000

Calculations based on table may differ from numbers presented due to rounding. HCV = hepatitis C virus; QoL = quality of life; PWID = people 
who inject drugs.
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