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1  |  INTRODUC TION

Chronic hepatitis B virus (HBV) infection leads to cirrhosis, hepa-
tocellular carcinoma (HCC), and liver-related death. Globally, one 
death every 38 s is attributed to HBV.1 Antiviral treatment of HBV 

infection has been shown to lead to regression of cirrhosis and re-
duction of HCC incidence.2,3 The American Association for the 
Study of Liver guidelines4 limits treatment of individuals with HBV 
cirrhosis or those with a high viral load and alanine transaminase 
(ALT) levels two times the upper limit of normal. These guidelines 
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Abstract
Chronic hepatitis B virus (HBV) infection is a leading cause of liver disease and related 
mortality globally. However, most of the infected individuals in the United States re-
main undiagnosed and untreated. There is a need to understand more completely the 
economic and disease burden impact of removing treatment restrictions and increas-
ing diagnosis and treatment. The PRoGReSs model, a dynamic HBV model that tracks 
the infected population by year, disease stage, and gender, was used to quantify the 
disease and economic burden of chronic HBV infection in the United States from 
2020 to 2050 based on four scenarios: a status quo (base) scenario and three treat-
all scenarios, in which screening, diagnosis, and treatment were maximized at differ-
ent annual treatment price levels of $5382, $2000 and $750. Compared to the base 
scenario, the treat-all scenarios would avert 71,100 acute and 11,100 chronic inci-
dent cases of HBV, and 169,000 liver-related deaths from 2020 to 2050. At an annual 
treatment cost of $2000, treating all HBV infections would be highly cost-effective, 
and at $750 would be cost saving and would achieve a positive return on investment 
before 2050. Maximizing the diagnosed and treated HBV population in the United 
States would avert a significant number of cases of advanced liver disease and related 
mortality. Such interventions can also be cost-effective compared to the status quo 
strategy, and cost saving at a treatment price threshold of $750 annually, above the 
current lowest annual treatment cost of $362.
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focus on preventing liver disease rather than treating HBV as an 
infectious disPGease. Yet, there is ample evidence that treating all 
HBV-infected individuals will reduce disease progression further. As 
long as 10 years ago, there have been recommendations to treat HBV 
infections earlier,5 and more recent studies6,7 comparing treated in-
dividuals monoinfected with HBV with a matched cohort of treated 
patients coinfected with human immunodeficiency virus (HIV)/HBV 
found a 60% lower HCC incidence in the latter group, which initi-
ated treatment upon diagnosis. These data suggest that removing 
existing treatment restrictions would lead to a further reduction in 
disease progression.

In the United States (U.S.), an estimated 0.32% (95% confidence 
interval, 0.24%–0.41%) of individuals 15 years or older were infected 
with HBV, based on a national serosurvey of the years 2013–2018.8 
Prevalence was significantly greater among the foreign-born popula-
tion [1.24% (0.92–1.66)] compared to the U.S.-born population [0.12% 
(0.07–0.20)]. A recent analysis9 used all available immigration data to 
model U.S. HBV prevalence adjusted for the cumulative and continued 
impact of immigration. It estimated a prevalence of 0.55% (0.41–0.77) 
among all ages in 2020, corresponding to 1.8 million (1.3–2.6 million) 
infections. It also found that 76% of all chronic infections were among 
immigrants, and the results projected an increasing number of HBV-
related liver-related deaths as well as an increase in the number of pa-
tients with HCC and cirrhosis under the current practice guidelines.9

The objective of our study was to assess the cost-effectiveness 
of removing the current treatment guidelines in the United States 
and treating all diagnosed those infected with HBV similar to the cur-
rent practice for the treatment of HBV/HIV coinfected individuals.

2  |  METHODS

2.1  |  Disease burden modelling

A dynamic Markov model (ProGReSs) was used to track the U.S. HBV-
infected population by disease stage, gender, and age, and forecast 
disease progression, all-cause mortality, liver-related deaths, and the 
impact of HBV treatment on disease progression and transmission.10 
The model also took into consideration individuals with high and low 
viral loads because the former group has a faster disease progres-
sion rate. A full description of the model mechanisms and inputs can 
be found in the Supplementary Materials.

These inputs included the vaccination schedules of the general 
population, both childhood and adolescents.11,12 The screening rates 
of pregnant women and the coverage of hepatitis B immunoglobulin 
(HBIG) and timely birth dose of the HBV vaccine of infants born to 
HBV-positive mothers was assumed to be flat from 1984 to 1993 
(no annual data available), and then annual published numbers were 
utilized from 1994 to 2017.13-15 The antiviral treatment of pregnant 
women, to prevent mother-to-child transmission, was assumed to in-
crease from 39% in 2007 to 44.8% by 2020, utilizing annual screen-
ing rates to adjust these estimates.14,16,17 Based on recent data, it 
was estimated that there are 300,000 individuals diagnosed with 

chronic hepatitis B in the US, 13,900 chronic cases diagnosed annu-
ally, and 143,500 individuals on antiviral treatment.10,18,19,20

A status quo (base) scenario was compared to intervention 
scenarios during which screening, diagnosis, and treatment are 
expanded to all chronically infected individuals (treat-all scenario). 
Model inputs were based on published data shown in Table 1.9

2.2  |  Scenarios

HBV disease burden and economic impacts were assessed under 
four scenarios. A base scenario and three treat-all scenarios were 
modelled for 2020–2050 in order to better evaluate the long term 
impacts and costs of HBV. The treat-all scenarios were designed to 
consider the effect of maximizing screening, diagnosis, and treat-
ment at three levels of annual treatment price—$5382, $2000, and 
$750—and were compared to the base scenario at a $5382 annual 
treatment price. The latter two prices were back-calculated to deter-
mine the annual price of HBV treatment that would make the treat-all 
scenario highly cost-effective (at $2000) and cost saving (at $750).

2.3  |  Cost-effectiveness analysis

Cost data were applied to disease burden forecasts to determine 
the economic impact of each scenario (Table  1).24,25 Direct costs 
included healthcare, screening, prophylaxis, diagnostic, and treat-
ment costs. Screening (hepatitis B surface antigen [HBsAg] and anti-
HBs) and diagnostic costs were based on published Medicare and 
Medicaid laboratory fee and physician fee schedules.24,25 Diagnostic 
costs for hepatitis B e-antigen (HBeAg) and hepatitis B DNA (quan-
titative) were not included for the treat-all scenarios because it was 
assumed these diagnostics are not required when treatment is ex-
panded to all chronic infections. Compared to the base scenario, it 
was also assumed that only treated individuals with cirrhosis in the 
treat-all scenario would receive abdominal echocardiography and 
alpha-fetoprotein serum tests. Healthcare costs by disease stage 
were based on published estimates (Table  1), and it was assumed 
conservatively that costs for no cirrhosis were negligible and thus not 
included. Costs were inflated to December 2021 U.S. dollars based 
on the consumer price index for healthcare.28 Annual costs for HBV 
medication under the base scenario were estimated at $5382 ($362–
$12,310) based on drug sales data.19 However, this does not include 
all the discounts and rebates which will result in a lower net price. 
The net prices of HBV medicine in the US are not publicly available.

Disability-adjusted life years (DALYs)29 were calculated based on 
years of life lost as a result of premature mortality and years lived with 
disability among chronically infected individuals in decompensated cir-
rhosis, HCC, and liver transplant disease stages. Economic outcomes 
were analysed to 2050, including the cost per DALY averted and return 
on investment. These outputs were considered in the context of two 
thresholds: one gross national income (GNI) per capita of $65,85023 
and a highly cost-effective threshold of $20,000.
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2.4  |  Uncertainty analysis

An uncertainty analysis was conducted to measure the impact of un-
certainty for key model outputs. Inputs for uncertainty included low 
and high estimates for healthcare costs, prevalence, and the propor-
tion of individuals with high viral load by HBeAg status. These inputs 
were used to generate 95% uncertainty intervals around model out-
puts for direct costs, DALYs, and cost-effectiveness.

3  |  RESULTS

3.1  |  Disease burden

Under the base scenario, the number of annual, newly diagnosed 
individuals would average 13,900 for 2020–2050, and there would 
be 430,000 new diagnoses during this time. The total diagnosed 

prevalent population would peak at 379,000 individuals in 2035 
(Figure 1). Approximately 143,000 individuals were estimated to be 
on antiviral treatment each year from 2020 to 2050.

Acute HBV infections were projected to decrease 79%—from 
7500 in 2020 to 1500 in 2050—largely as a result of an overall de-
crease in unvaccinated adults (Figure  2). Despite this decrease, 
119,000 acute and 19,700 chronic infections would still occur during 
the study time frame because of infections in the paediatric popula-
tion (children <12 years) and new infections in those who either did 
not receive or were not eligible for adolescent vaccination. Annual 
liver-related deaths under the base scenario would increase until 
2045, when this value would peak at 11,900 deaths, then would de-
cline thereafter. The total number of liver-related deaths during the 
study period was estimated to be 324,000. Total chronic infections 
would decline by 19%—from 1835,000 in 2020 to 1,487,000 in 2050.

Under the treat-all scenarios, the number of annual, newly di-
agnosed individuals would increase from 13,900 in 2020 to a peak 

TA B L E  1  Disease burden and economic model inputs.

Disease Burden Inputs Year Value (source)

HBsAg+ prevalence 2010 0.53%9

% HBeAg+ 2014 21%16

Viral load ≥20,000 IU/mL among HBeAg+ 2002–2008 90%21

Viral load ≥20,000 IU/mL among HBeAg− 2002–2008 13%21

Total diagnosed, n 2015 300,00010

Newly diagnosed, n 2019 13,85918

Treated annually, n 2020 143,53719

Economic Impact Inputs Item Value; 95% CI (source)

Disability weight Decompensated cirrhosis 0.17822

HCC 0.46622

Liver transplant 0.02422

Cost-effectiveness thresholds Gross national income per capita 65,85023

Highly cost-effective 20,000

Screening and lab costs per test (2021 USD) Hepatitis B surface antigen 10.3324

Hepatitis B surface antibody 10.7424

Hepatitis B e-Antigen 11.5324

Hepatitis B DNA, quantitative 42.8424

Hepatic function panel 8.1724

Echo exam of abdomen 93.1725

HAV, HCV, HDV 45.1424

Alpha-fetoprotein 16.7724

Annual HBV treatment cost (2021 USD) Base scenario 538219

Treat-all scenarios 5382, 2000, 750

Annual health state costs (2021 USD) Compensated cirrhosis 2076; 1558–477626

Decompensated cirrhosis 35,464; 33,284–37,64627

HCC 56,569; 50,769–62,36227

Liver transplant 224,574; 207,095–242,04927

Post liver transplant 48,910; 39,965–57,88527

Abbreviations: CI, confidence interval; HAV, hepatitis A virus; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HCC, hepatocellular 
carcinoma; HCV, hepatitis C virus; HDV, hepatitis D virus; USD, U.S. dollars.
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of 300,000 in 2025 and then would decline to 12,300 by 2050. 
The projected number of cumulative new diagnoses was 2,075,000 
during the study period. The total number of prevalent diagnosed 
cases would peak at 1,855,000 in 2028 (Figure  1). The number 
of individuals on antiviral therapy annually would increase from 
142,000 in 2020 to a peak of 1,822,000 in 2032, before declining 
to 1,577,000 by 2050. Under these scenarios, new acute infections 
were forecasted to decline 99%—from 7500 in 2020 to 50 in 2050—
as result of the stipulated treatment. The projected numbers of 
new acute and new chronic infections during the study period were 
47,900 and 8600, respectively. The treat-all scenarios would prevent 
71,100 acute and 11,100 chronic cases compared to the base sce-
nario. Of these incident cases averted, 6200 of the acute (13%) and 
5500 (73%) of the chronic cases were estimated have been cases of 
mother to child transmission that did not occur due to the universal 
and high treatment levels.

Under the treat-all scenarios, the number of liver deaths would 
decline 59%—from 8000 in 2020 to 3200 in 2050. Cumulative liver 
deaths from 2020 to 2050 were projected at 155,000, which is a 
reduction of 52% (169,000 fewer deaths) from the base scenario. 
The total number of chronically infected individuals would decline 
by 13% under the treat-all scenarios—from 1835,000 cases in 2020 
to 1,604,000 cases in 2050. The total percentage of cases in 2050 
was 8% greater compared to the base scenario because of the po-
tential reduced mortality among this population.

3.2  |  Direct costs

Direct costs included healthcare, screening, diagnostic, and treat-
ment costs. Both annual costs and cumulative costs for the study 
period were compared between the treat-all scenarios and the base 
scenario (Figure  3). Under the base scenario, annual direct costs 
were forecasted to decrease 48% (from $1888 million [1788–2088 
million] to $982 million [860–1179]), with peak annual costs occur-
ring in 2020. Between 2020 and 2050, it was projected that the 
United States would spend $44,822 million (40,920–51,994 million) 
cumulatively in direct medical costs associated with HBV. Of this, 
64% ($28,490 million) was classified as healthcare costs (cost of 

treating cirrhosis, HCC, and liver transplantation) and 36% ($15,981 
million) was categorized as laboratory and treatment costs.

Under the $5382 treat-all scenario, annual direct costs would be 
89% greater in 2050 ($3457 million [2886–4316 million]) compared to 
2020 ($1827 million [1727–2026 million]), and peak costs would occur 
in 2029 ($7691 million [6884–8039 million]), because more individuals 
would need to be screened and treated (Figure 3). Cumulative costs 
were estimated at $157,294 million (140,267–178,092 million), with 
87% of cumulative costs being treatment and laboratory costs; 11%, 
healthcare costs; and the remainder, screening and prophylaxes costs.

Under the $2000 treat-all scenario, annual direct costs would 
be 21% less in 2050 ($1445 million [1197–1835 million]) com-
pared to 2020 ($1826 million [1727–2025 million]), and peak costs 
would occur in 2026 ($3357 million [3019–3531 million]) (Figure 3). 
Cumulative costs were estimated at $74,857 million (66,639–86,767 
million), with 73% of cumulative costs classified as treatment and 
laboratory costs, 24% as healthcare costs, and the remainder as 
screening and prophylaxes costs.

Under the $750 treat-all scenario, annual direct costs would be 
62% less in 2050 [$701 million (573–916 million)] compared to 2020 
($1826 million [1727–2025 million]), and peak costs would occur in 
2022 ($2554 million [2448–2779 million]) (Figure  3). Cumulative 
costs were estimated at $44,389 million (39,374–53,009 million), 
with 55% of cumulative costs classified as treatment and laboratory 
costs, 40% as healthcare costs, and the remainder as screening and 
prophylaxes costs.

A sensitivity analysis was conducted for cumulative direct costs 
under the base scenario for 2020 to 2050 (Figure 4). The uncertainty 
in healthcare cost for treating advanced liver disease was the top 
driver of uncertainty in this analysis.

3.3  |  Disability-adjusted life years

Under the base scenario in 2020, there would be an estimated 
134,000 annual DALYs (125,000–149,000) incurred as a result 
of HBV, and this value would increase by 27% to 137,000 annual 
DALYs (171,000–221,000) by 2050 (Figure 2). This increase would 
be, primarily, the result of the effects of liver-related disability and 

F I G U R E  1  Diagnosed and treated populations by scenario: United States, 2020–2050.
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deaths in the current chronically infected population. Total cumu-
lative DALYs were estimated at 5,141,000 (4,413,000–6,211,000) 
under the base scenario.

Under the treat-all scenarios, annual DALYs would decrease 
by 66%—from 134,000 (125,000–149,000) in 2020 to 46,000 
(35,000–62,100) in 2050 because more individuals would be treated 
(Figure 2). Cumulative DALYs under the treat-all scenarios were es-
timated at 2,446,000 (2,070,000–3,066,000)—52% less than base. 
The treat-all scenarios would avert 2,695,000 DALYs (2,343,000–
3,145,000 DALYs) in 2020 to 2050 compared to the base scenario. 
Under all scenarios, approximately 3% of all DALYs would be incurred 
as a result of years lived with disability; 97% would be incurred as a 
result of years of life lost (liver-related deaths).

3.4  |  Cost-effectiveness

Cost per DALY averted for the treat-all scenarios was compared to 
two threshold values: U.S. GNI per capita ($65,850)23 and a highly 
cost-effective threshold of $20,000. Under the $5382 treat-all sce-
nario, annual cost per DALY averted would be less than the GNI per 
capita level from 2037 onward, making the treat-all scenario cost-
effective even at the current average annual HBV treatment cost in 
the United States. This scenario does not achieve an overall positive 
return on investment by 2050 (Figure 3). Cost per DALY averted was 
estimated at $41,700 (40,100–42,200) (Table 2).

Under the $2000 treat-all scenario, the annual cost per DALY 
averted would be less than the GNI per capita starting in 2025 and 

F I G U R E  2  Disease burden and disability-adjusted life years (DALYs) by scenario: United States, 2020–2050.
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would become highly cost-effective after 2037 (Figure 3). The cost per 
DALY averted was estimated at $11,100 (10,400–11,300) (Table 2).

Under the $750 treat-all scenario, the annual cost per DALY averted 
would be less than the GNI per capita starting in 2025 (cost-effective), 
would become highly cost-effective after 2028, and would be cost sav-
ing from 2032 onward. This scenario would achieve an overall positive 
return on investment beginning in 2049 (Figure 3), and the cost per 
DALY averted was estimated at −$160 (−1100 to 480) (Table 2).

4  |  DISCUSSION

The current analysis demonstrates there are significant health and 
economic benefits that justify expanding screening, diagnosis, and 

treatment of individuals infected with HBV in the United States. Our 
results show that dramatically increased rates of screening, diagnosis, 
and treatment would result in a 99% reduction in annual new infections 
by 2050, and would prevent 11,100 new chronic infections and avert 
169,000 deaths. We evaluated three treat-all scenarios against a status 
quo base scenario. The analysis of cost per DALY averted showed all 
three scenarios were cost-effective, even though they require expand-
ing screening and treatment. If the average price of HBV treatments can 
be negotiated to less than $2000 per year, then this treat-all scenario is 
highly cost-effective. At an annual treatment cost of $750, this treat-all 
strategy is cost saving; the cumulative healthcare costs between now 
and 2050 would be less than what the U.S. healthcare system spends 
under the current base scenario. These prices are achievable since the 
lowest annual HBV treatment cost is already $362.

F I G U R E  3  Economic outcomes by scenario: United States, 2020–2050. DALY = disability-adjusted life year; GNI = gross national income; 
ROI = return on investment; Tx = treatment; USD = U.S. dollar.
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Antiviral therapy for HBV has been shown to reduce viral load 
significantly in individuals infected with HBV, with the majority 
achieving HBV DNA levels of <400 copies/mL after 48 weeks of 
therapy,30,31 and there are continued viral declines over longer pe-
riods of therapy.32,33 Likewise, 48 weeks of therapy reduces mark-
ers for liver inflammation,30,31 and long-term therapy can produce 
regression of fibrosis and cirrhosis,2 and reduce the incidence of 
HCC significantly.3,34,35 Our model shows that individuals with a 
low viral load are also less likely to transmit HBV, resulting in fewer 
acute and chronic new HBV infections under the treat-all scenarios 
(Figure 2).

Individuals with immune-active chronic infection generally have 
HBV DNA levels >20,000 IU/mL, but this is an arbitrary cut-off that 
fluctuates throughout the course of disease. Individuals with chronic 
infection, including cirrhosis and liver cancer, can have HBV DNA 
levels below the cut-off value.4,36 Therefore, it is impossible to de-
fine a single HBV DNA cut-off value to distinguish inactive carriers 
from HBeAg-negative individuals infected with chronic hepatitis. 
Clinicians are encouraged to consider other factors, including age, 
disease duration, disease stage, and the presence of elevated ALT 
levels, defined as ALT >35 U/L for males and > 25 U/L for females.4 
However, ALT may not be consistently predictive of liver injury, and 

F I G U R E  4  Key drivers of uncertainty for direct costs using the base scenario for the United States, 2050. HBeAg−, hepatitis B e-antigen 
negative; HBeAg+, hepatitis B e-antigen positive; HVL, high viral load; USD, U.S. dollars.
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TA B L E  2  Cumulative economic outputs by scenario: United States, 2020–2050.

Scenario
Cumulative direct costs 
(USD millions) Cumulative DALYs Cumulative DALYs averted

Cost per DALY 
averted (USD millions)

Base 44,822 (40,920–51,994) 5,141,000 
(4,413,000–6,211,000)

— —

Treat all, $5382 157,294 (140,267–178,092) 2,446,000 
(2,070,000–3,066,000)

2,695,000 
(2,343,000–3,145,000)

41,700 
(40,100–42,200)

Treat all, $2000 74,857 (66,639–86,767) 2,446,000 
(2,070,000–3,066,000)

2,695,000 
(2,343,000–3,145,000)

11,100 
(10,400–11,300)

Treat all, $750 44,389 (39,374–53,009) 2,446,000 
(2,070,000–3,066,000)

2,695,000 
(2,343,000–3,145,000)

−160 (−1100 to 480)

Abbreviations: DALYs, disability-adjusted life years; USD, U.S. dollars.
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a substantial portion of individuals with persistently normal ALT lev-
els may experience significant inflammation and fibrosis, especially 
people age 40 years and older.37 The current guidelines make the 
treatment of HBV too complicated for the average general practi-
tioner. Although primary care guidance is more streamlined than 
the guidelines of the American Association for the Study of Liver 
Diseases, it still requires a large number of tests and follow-up.38

The U.S. Preventive Services Task Force recommends a one time 
screening for all adults,39 screening adolescents at increased risk 
of infection40 and pregnant women.41 Previous analyses have esti-
mated that one-time universal screening of adults combined with 
antiviral therapy would avert cases of advanced disease and would 
be cost-effective using current treatment guidelines.42 Our analysis 
shows that expanding treatment to all HBV infections is also cost-
effective and cost saving if the price of antivirals is lower.

For an HBV elimination program to be feasible in the United 
States, it is critical that primary healthcare providers be able to pro-
vide treatment for all nonadvanced cases. This is of particular im-
portance because immigrants, who are more likely to be infected 
with HBV, are often under- or uninsured and face language barriers, 
which lead to challenges in following up with specialists.

There were several limitations with this study. Our model likely 
underestimates the cost of disease burden because it does not ac-
count for HIV/HBV, HBV/hepatitis C virus, and HBV/hepatitis D 
virus coinfections, all of which can lead to faster disease progres-
sion. Although HCC can still develop after HBsAg clearance,43,44 the 
current model does not account for the small number of older indi-
viduals who are chronically infected and who clear HBsAg.45-48 This 
study did not consider additional costs, such as the cost of trans-
portation to and from appointments nor staff time. Although our 
analysis quantified DALYs, only direct costs were considered. There 
would be even greater cost-effectiveness when including increased 
work productivity as a function of reducing DALYs.

5  |  CONCLUSION

Our analysis demonstrates that an expansion of efforts to diagnose 
and treat individuals chronically infected with HBV would avert a 
significant number of cases of advanced liver disease and related 
mortality. Such efforts would be cost-effective, and a reduced aver-
age treatment price ($750 annually) would result in cost savings and 
a positive return on investment.
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