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A B S T R A C T
Objectives: Testing and treatment for hepatitis B virus (HBV) and hepatitis C virus (HCV) infection are highly effective, highimpact interventions. This article aims to estimate the cost-effectiveness of scaling up these interventions by scenarios,
regions, and income groups.
Methods: We modeled costs and impacts of hepatitis elimination in 67 low- and middle-income countries from 2016 to 2030.
Costs included testing and treatment commodities, healthcare consultations, and future savings from cirrhosis and
hepatocellular carcinomas averted. We modeled disease progression to estimate disability-adjusted life-years (DALYs)
averted. We estimated incremental cost-effectiveness ratios (ICERs) by regions and World Bank income groups, according
to 3 scenarios: ﬂatline (status quo), progress (testing/treatment according to World Health Organization guidelines), and
ambitious (elimination).
Results: Compared with no action, current levels of testing and treatment had an ICER of $807/DALY for HBV and –$62/DALY
(cost-saving) for HCV. Scaling up to progress scenario, both interventions had ICERs less than the average gross domestic
product/capita of countries (HBV: $532/DALY; HCV: $613/DALY). Scaling up from ﬂatline to elimination led to higher ICERs
across countries (HBV: $927/DALY; HCV: $2528/DALY, respectively) that remained lower than the average gross domestic
product/capita. Sensitivity analysis indicated discount rates and commodity costs were main factors driving results.
Conclusions: Scaling up testing and treatment for HBV and HCV infection as per World Health Organization guidelines is a
cost-effective intervention. Elimination leads to a much larger impact though ICERs are higher. Price reduction strategies are
needed to achieve elimination given the substantial budget impact at current commodity prices.
Keywords: cost-effectiveness, DALY, elimination, viral hepatitis.
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Introduction
In 2015, the World Health Organization (WHO) estimated that
viral hepatitis led to 1.34 million deaths globally.1 Most hepatitis
deaths are secondary to cirrhosis and hepatocellular carcinoma
(HCC) that can be prevented through testing and treatment for
hepatitis B virus (HBV) and hepatitis C virus (HCV) infections.1 In
2016, the World Health Assembly adopted a resolution calling for
elimination of viral hepatitis as a public health threat by 2030
(–90% incidence, –65% mortality, compared with 2015 baseline).2
Nevertheless, in 2019, only a small number of countries had scaled
up testing and treatment.3
To justify inclusion of testing and treatment for HBV and HCV
infection into universal health coverage (UHC), a number of factors
need to be considered. The WHO recommends testing4 and

treatment for HBV5 and HCV infection6 as effective, high-impact
interventions. Scaling of testing and treatment under the ambitious scenario7,8 represents 1.5% of the overall estimated price tag
for UHC, but the effect would be proportionally higher, leading to
a reduction of about 5% in mortality and an increase of about 10%
in healthy life-years. To assess cost-effectiveness, the WHO assisted countries through provision of online, interactive tools for
HBV9 and HCV.10 Published studies in speciﬁc countries reported
that treatment of already diagnosed individuals can be costeffective11 or cost saving.12 Nevertheless, there are little data
available on the cost-effectiveness of testing followed by treatment for HBV and HCV in low- and middle-income countries
(LMICs).13,14 Thus, the WHO needed a systematic assessment of
cost-effectiveness of testing and treatment to consider various
scenarios, regions, and country income groups.
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We built on previous work that estimated costs for the scaleup of testing and treatment in 67 LMICs7 by adding the cost of
healthcare consultations and subtracting future healthcare savings
through prevented cirrhosis and HCCs. We generated costeffectiveness estimates for testing and treatment of HBV and
HCV infections by WHO regions and World Bank income groups.

Methods
Economic Model
We incorporated all applicable long-term costs and effects to
our published costing model for the scale-up of viral hepatitis
management8 to allow a cost-effectiveness analysis. Brieﬂy, the
costing model was a state-based cohort model based on national
population extrapolations for 67 LMICs, using a 2016 to 2030 time
horizon for the costs of various approaches to testing and treatment of HBV and HCV. The published model already included
commodities and programmatic costs for testing and treatment
according to WHO guidelines. We extended the model to (1) add
consultation costs, and (2) subtract future savings from averted
cirrhosis and HCCs for a cost-effectiveness analysis estimating the
net cost per disability-adjusted life-year (DALY) gained. An overview of the components of the published and present model is
given in Figure 1. We used the 2016-2030 time horizon from the
original model for costs, and a lifetime horizon for beneﬁts. The
time horizon for costs reﬂected the period of investment required
to meet the sustainable development goals. The lifetime horizon
for beneﬁts took into account long-term health beneﬁt (future
morbidity and mortality avoided) through scaled up treatment
over the ﬁrst 15 years. Given the slow evolution of chronic hepatitis, the time horizon for beneﬁts was longer than for costs. This
unusual approach was necessary to reﬂect that each infection
treated would lead to long-term beneﬁts beyond cost incurred.
We used a health system perspective, quantifying direct
market-valued costs regardless of who pays for them. Costs were
reported in 2016 USD, and where appropriate were inﬂated from
source year using the World Bank gross domestic product (GDP)
deﬂator.15 The primary outcome of the study was the incremental
cost-effectiveness ratio (ICER) per DALY averted. Costs and beneﬁts
were discounted at 3% per annum in the base case. In this analysis,
we expressed ICERs as a function of the GDP/capita for international comparison purposes only. An ICER above or below 1 3 or
3 3 GDP/capita should not be interpreted as an indication of
whether the intervention is worthwhile or not at a country level.

Figure 1. Comparison of the components of the costeffectiveness and previous model.
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Scenarios
We modeled scaling up HBV and HCV testing and treatment
and its economic and health impacts across 3 scenarios. A ﬂatline
scenario represented current levels of testing and treatment activity projected until 2030. A progress scenario scaled up testing
and treatment according to what is recommended in the WHO
guidelines.4–6 An ambitious scenario scaled up testing and treatment to the coverage levels that would lead to elimination of
hepatitis as a public health threat, that is, diagnosing 90% of those
infected and treating 85% of those diagnosed. This scenario is
referred to in the rest of the article as elimination.

Interventions and Comparators
We compared 3 scenarios of coverage for testing followed by
treatment. We compared the ﬂatline scenario against a hypothetical counterfactual do-nothing scenario in which no testing or
treatment took place. We compared the progress scenario to the
ﬂatline scenario, and the elimination scenario with both the ﬂatline and progress scenarios. We used estimates on effectiveness of
HBV and HCV treatments to prevent cirrhosis and HCCs from
previously published models.10,16

Costs and Quantities
For the costing of testing and treatment activities, we used the
quantities and unit costs of the previous model.8 Although the
previous model was a ﬁnancial costing, there were no conceptual
differences that prevented us from reusing the same data along
with a modiﬁed analysis. The model estimated the quantity of
resources consumed each year (diagnostics, medicines, outpatient
visits), and we calculated total costs from global unit costs
(Table 1). For outpatient visits, we used the costs for outpatient
consultations (health center, no beds) at the country level from
the CHOosing Interventions that are Cost-Effective (WHOCHOICE) database.17 We used data from South Africa as a proxy for
missing WHO-CHOICE data for Tanzania and Zimbabwe. We
inﬂated all WHO-CHOICE data from 2010 USD to 2016 USD using
country-level World Bank annual GDP deﬂators.15
The direct healthcare costs of long-term complications of viral
hepatitis (cirrhosis and HCC) were those estimated for the hepatitis C calculator at country level,10 which we applied equally to
both HBV and HCV, under the assumption that the cost of cirrhosis
or HCC would be independent from the virus involved. These
annual healthcare costs were estimated using the WHO-CHOICE
database.18 Brieﬂy, we extracted inpatient visit costs (primarylevel hospital) and outpatient visit costs (health center with no
beds) per patient from WHO-CHOICE for all countries included in
our analysis. For each state (cirrhosis, HCC), we calculated statespeciﬁc visit cost as weighted average of the inpatient and outpatients visit cost using a published inpatient/outpatient cost ratio.19 Inpatient visits accounted for 66% of costs for patients with
decompensated cirrhosis (DC) and 55% of costs for patients with
HCC.17 We then estimated the ratio of health state-speciﬁc pervisit cost in each country with the corresponding estimates in the
United States to obtain the country-speciﬁc multiplier for that
health state. Finally, we estimated the country-speciﬁc annual
healthcare costs associated with each health state by multiplying
the corresponding HCV health state annual costs in the United
States with this multiplier. We assumed missing costs of sequelae
for Zimbabwe, Togo, Sudan, South Sudan, Ivory Coast, Uganda, and
Tanzania to be equal to those of South Africa.
The treatment pathway was based on WHO guidelines.4–6 For
HBV, a rapid diagnostic test or lab-based immunoassay was followed by aspartate aminotransferase (AST) to Platelet Ratio Index
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Table 1. Financial and human resources involved in testing and treatment for HBV and HCV (2016 USD).
Stages of
pathway

Costing elements

HBV Initial testing

Case mix
(%)

Base

Lower

Upper

HBsAg rapid diagnostic test*

30

1.60

0.40

2.80

Immunoassay lab-based HBsAg*

70

1.98

0.50

5.00

Average per person tested
Conﬁrmation

Not applicable

Average
base

1.86
-

-

-

-

Assessment for HBV DNA† (n = 1)
treatment

90

20.00

5.00

100.00

APRI‡ test (n = 1)

100

2.50

2.00

5.00

Average per person assessed

Consultations
(n)

1 Per person tested

1 Per person tested
1 Per person tested
20.50

Treatment

Tenofovir (lifetime, annual cost)

100

30.00

10.00

300.00

Monitoring

HBV DNA* (every year for treated)

100

20.00

5.00

100.00

APRI‡ test

100

2.50

2.00

5.00

Anti-HCV rapid diagnostic test

30

1.25

0.50

2.00

Immunoassay lab-based anti-HCV

70

1.10

0.50

5.00

50

20.00

5.00

100.00

10.00

1 Per person tested

100

2.50

2.00

5.00

2.50

1 Per person tested

Average per person monitored yearly
HCV Initial testing

HCV RNA§ (per person anti HCV 1)

Assessment for APRI‡ test
treatment

1 Per year starting
ﬁrst year

1.15

Average per person assessed
Treatment

1 Per year starting
ﬁrst year

22.50

Average per person tested
Conﬁrmation

30.00

1 Per person tested

2.50

Countries with generics available
DAAk for 12 weeks (no cirrhosis)

90

105.00

40.00

135.00

DAAk for 24 weeks (cirrhosis)

10

210.00

80.00

270.00

Average per person treated with generic

115.50

1 Per person treated

115.50

1 Per person treated

20.00

1 Per person treated

Countries with generics unavailable
DAAk for 12 weeks (no cirrhosis)

90

105.00 105.00

DAAk for 24 weeks (cirrhosis)

10

210.00 210.00 10000.00

5000.00

Average per person treated with nongeneric
Monitoring

RNA ampliﬁcation test (per cure)

100

20

5.00

100.00

APRI indicates AST to Platelet Ratio Index; DAA, direct-acting antiviral; HBV, hepatitis B virus; HCV, hepatitis C virus.
*Hepatitis B surface antigen.
†
Hepatitis B virus DNA ampliﬁcation test.
‡
APRI: AST to Platelet Ratio Index.
§
Hepatitis C virus RNA ampliﬁcation test.
k
Direct acting anti-virals.

to determine if there was cirrhosis. Nucleic acid ampliﬁcation was
then used in the absence of cirrhosis to test for treatment eligibility. Tenofovir used for treatment was monitored annually with
AST and nucleic acid ampliﬁcation. For HCV, rapid diagnostic test
or lab-based immunoassay testing preceded HCV RNA testing, and
AST to Platelet Ratio Index. Treatment was based on direct-acting
antivirals (DAAs), using the WHO-recommended sofosbuvirdaclatasvir combination that does not require genotyping,8 and
effectiveness assessed with HCV RNA.

Testing Assumptions by Scenarios
In the ﬂatline scenario, we assumed baseline testing to stay at
existing levels. Under the progress scenario, testing targeted high
prevalence groups (eg, people who inject drugs), persons with
chronic liver disease, and the general population in countries

where prevalence exceeded 5%.4 For the elimination scenario,
testing of the general population was added to targeted testing
regardless of prevalence. Testing was assumed to occur at random,
and each person was assumed to be tested at most once. The efﬁciency of testing (cases identiﬁed per test) was consequently
deﬁned as the ratio of the undiagnosed prevalent population over
the total untested population.

Health Impacts
We calculated DALYs saved using the number of treatments
initiated incrementally between scenarios, using the cohort
models of the costing paper.8 Brieﬂy, people with HBV were
modeled to progress though treated and untreated compensated
cirrhosis (CC), DC, and HCC. People with HCV were modeled to
progress through a sequence of increasing liver ﬁbrosis stages that
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Table 2. Cost-effectiveness of testing and treatment for HBV and HCV infection in 2016-2030 for the ﬂatline, progress, and elimination
scenario (present value, discounted).
Program costs
(USD 2016 millions)
Commodities Program and staff time

Future savings Net incremental Total incremental
ICER
(USD 2016
costs (USD 2016
impact
(2016 USD/
millions)
millions)
(DALYs)
DALY)

HBV
Flatline*
Progress†
Elimination‡
Elimination
versus progress§

4434
10 746
19 091
8344

3690
67 200
165 737
98 537

99
1347
1813
467

8025
76 600
183 015
106 415

9 947 682
143 900 928
197 460 343
53 559 416

807
532
927
1987

HCV
Flatline*
Progress†
Elimination‡
Elimination
versus progress§

1428
3343
11 723
8380

4519
26 432
184 679
158 247

6875
11 001
23 807
12 806

2928
18 773
172 595
153 821

15 061 782
30 638 054
68 279 199
37 641 146

262
613
2528
4087

DALY indicates disability-adjusted life year; HBV, hepatitis B virus; HCV, hepatitis C virus; ICER, incremental cost-effectiveness ratio;
*Cost-effectiveness of treatment at the current level of testing and diagnosis compared with no action.
†
Cost-effectiveness of scaled up testing and treatment as per the progress scenario, compared with the ﬂatline.
‡
Cost-effectiveness of scaled up testing and treatment as per the elimination scenario, compared with the ﬂatline.
§
Cost-effectiveness of scaled up testing and treatment as per the elimination scenario, compared with the progress scenario.

eventually led to CC, DC, and HCC. Disease progression rates for
HBV and HCV were taken from the published literature. HCVrelated mortality rates were included for people with DC and
HCC, and HBV-related mortality rates were included for people in
those states plus those with chronic HBV and CC. If treated for
HCV, people in the model were assumed to maintain the liver
disease but without further progression, with the exception of
people with CC who could still develop DC or HCC but at lower
rates to their HCV-infected counterparts. If treated for HBV, people
had dramatically lower rates of progression to CC, DC, HCC, or
HBV-related death. DALYs were calculated based on differences in
the person-years spent in the DC and HCC states (years lived with
disability) and years of life lost owing to HBV- and HCV-related
deaths. We accounted for DALYs associated with prevented early
deaths in the year it would have occurred, and accounted for
DALYs associated with improved health states in the year the
beneﬁt occurred. Disutilities associated with DC and HCC were
0.194 and 0.508, respectively (see Appendix Table 12 in Supplemental Materials at https://doi.org/10.1016/j.jval.2020.06.015),
using the Global Burden of Disease parameters. DC and HCC account for most of the burden. According to Global Burden of
Disease methods, we did not include a disability weight for
chronic HCV infection. Such a disutility would have made the
ICERs of interventions more favorable. Chronic HBV infection is
associated with a disutility of 0.012.

Sensitivity Analysis
We conducted univariate deterministic sensitivity analysis
using plausible ranges for central model parameters and explored
the sensitivity of the modeled ICERs relative to the base case.
We selected variables for the sensitivity analysis based on
expected cost drivers, including all unit costs and predictors of
clinical need and outcomes: reduction in incidence over time
of HCV in the progress scenario, proportion of diagnosed who
are eligible for treatment (HBV only), rate of treatment success,
spontaneous viral clearance, and prevalence of cirrhosis. We
determined parameter uncertainty ranges based on expert
opinion
within
WHO
regional
and
country-level
representatives.

Results
Testing and Treatment of HBV Infection
Under the ﬂatline scenario, testing and treatment for HBV
infection had a net cost of $8025 million for 9 947 682 DALYs
averted (ICER: $807/DALY compared to doing nothing) (Table 2;
see Appendix Table 1 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.06.015). Relative to the ﬂatline scenario, scaling up of testing and treatment to the progress scenario
lead to an incremental net cost of $76 600 million for 143 900 928
DALYs averted, which was more cost-effective ($532/DALY; see
Appendix Table 2 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2020.06.015). In the elimination scenario relative to the ﬂatline scenario, net incremental costs reached
$183 015 million for 197460 343 DALYs, with an ICER that was only
marginally higher than in the ﬂatline scenario ($927/DALY; see
Appendix Table 3 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2020.06.015). The net incremental cost of the
elimination scenario compared to the progress scenario was
$106 415 000 million, for an incremental impact of 53 559 416
DALYs at an ICER of $1987/DALY (see Appendix Table 4 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2020.
06.015).
Across regions, under the ﬂatline scenario, the ICER as a proportion of unweighted average GDP per capita ranged from 14% in
Western Paciﬁc region (WPR) to 107% in the African region (AFR)
(Fig 2). The ICERs for scaling up to the progress scenario were
lower in all regions, ranging from 10% of GDP/capita in WPR to 45%
of GDP/capita in AFR. When compared to the ﬂatline scenario, the
ICERs of the elimination scenario ranged from 13% of GDP/capita
in WPR to 101% of GDP/capita in the American region. When
compared to progress, the ICERs for elimination ranged from 23%
GDP/capita in WPR to 188% of GDP/capita in the American region.
Under the ﬂatline scenario, the highest ICER relative to GDP
per capita was in the low-income group (LICs) (129%), while the
lowest was in the upper middle income group (UMICs) (12%; Fig
3). The ICERs relative to GDP/capita for scaling up to the progress
scenario were lower in all income groups. The ICERs for the
elimination scenario relative to the ﬂatline scenario remained
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Figure 2. Cost-effectiveness of HBV and HCV by WHO region relative to GDP/capita.

under 1 GDP/capita, from 16% in the UMICs to 68% in LICs. The
ICERs for elimination compared with the progress scenario were
higher, from 40% of GDP/capita in UMICs to 97% of GDP/capita in
LMICs and LICs, respectively.

Testing and Treatment of HCV Infection
Under the ﬂatline scenario, testing and treatment for HCV
infection was cost-saving with a negative net cost of
$ –928 million for 15 061782 DALYs averted (ICER: $–62/DALY)
(Table 2, see Appendix Table 5 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.06.015). Compared with the
ﬂatline scenario, scaling up of testing and treatment to the progress scenario levels led to net incremental costs of $18 773 million
for 30 638 054 DALYs averted (ICER: $613/DALY) (see Appendix
Table 6 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2020.06.015). The elimination scenario net incremental
costs compared with the ﬂatline scenario reached $172 595
million for 68 279 199 DALYs, with an ICER that increased to $2
528/DALY (see Appendix Table 7 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2020.06.015). Compared with the
progress scenario, the incremental cost of elimination was
$153 821 million for 37 641146 DALYs at an ICER of $4087/DALY
(see Appendix Table 8 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.06.015).
Under the ﬂatline scenario, diagnosis followed by treatment
for HCV was cost-saving in all regions except the South East Asia
region and the WPR, where the ICERs were 5% and 8% of GDP/
capita, respectively (Fig 2). ICERs for scaling up to progress
coverage levels were higher in all regions, ranging from 7% of

GDP/capita in the European region to 78% in the AFR. Compared
with the ﬂatline, ICERs for the elimination scenario ranged from 45%
of GDP/capita in the Eastern Mediterranean region and European
region to 213% of GDP/capita in AFR. For the elimination scenario
compared to the progress scenario, ICERs ranged from 77% of GDP/
capita in the Eastern Mediterranean region up to 314% in the AFR.
Under the ﬂatline scenario, the highest ICER relative to GDP
per capita was in LICs (24%) while the lowest was in the LMICs
(–4%) (Fig 3). Scaling up to the progress scenario led to an increase
of the ICER in all income groups (12% of GDP/capita in UMICs to
74% of GDP/capita in LIC). ICERs for elimination compared with
ﬂatline ranged from 71% of GDP/capita in LMICs to 282% in LICs.
Compared with the progress scenario, the ICERs for elimination
increased to 134% of GDP/capita in UMICs group, 110% in LMICs,
and 432% in LICs.

Sensitivity Analyses
The impact of the change in input parameters was comparable
for the ﬂatline scenario (see Appendix Table 9 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.06.015),
progress (Fig 4, see Appendix Table 10 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.06.015), and elimination scenarios (see Appendix Table 11 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.06.015). For HBV, the
parameters that inﬂuenced cost-effectiveness the most were the
discount rates for costs and beneﬁts, and the costs of tenofovir and
HBV DNA (currently recommended every year for treatment
monitoring). A 0% or 5% discount rate for beneﬁts reduced/
increased the ICER by 33-37%. For HCV, the parameters that
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Figure 3. Cost-effectiveness of HBV and HCV by World Bank income groups relative to GDP/capita.

inﬂuenced cost-effectiveness the most were discount rates for
costs and beneﬁts, and the cost of DAAs in countries where
generic medicines were not available. The cost of HCV RNA that
are used only once to assess cure had much less inﬂuence on the
ICERs. Similar to HBV, varying the discount rate for beneﬁts from
0% to 5% decreased/increased the ICER by 48-49%.

Discussion
Overall, at the current level of implementation, testing, and
treatment for HBV and HCV infection is a good use of healthcare
resources. For HBV, treatment is lifelong and still requires (according to WHO guidelines) a yearly monitoring of HBV DNA.
Hence, the intervention is usually not cost-saving from a healthcare perspective. For HCV, treatment is shorter and leads to a
single test that documents cure in more than 90% of patients. As a
result, the intervention can be cost-saving from a healthcare
perspective.
When regional variations are considered, the interventions are
less cost-effective in the AFR. Here, the prevalence of HCV is low,
leading to lower efﬁciency of testing and consequently higher
costs to identify infected individuals. Additionally, the prevalence
of HBV in the AFR is higher than in other regions, but only a small
proportion of known cases are currently treated, requiring an
important increase in the cost of HBV treatment in the region.
Similarly, the intervention is less cost-effective in LICs, probably
for identical reasons. Compared with analyses conducted with the
HBV9 and HCV10 calculators, the results of our analysis yield
higher ICERs, suggesting that the intervention is less cost-

effective. Unlike the calculators that consider treatment for persons already diagnosed, our analysis takes into account testing at
different levels of intensity, as well as programmatic costs. Given
that a number of these tests are negative, testing inefﬁciencies
make the intervention less cost-effective when considered from a
programmatic perspective.
Scaling up testing and treatment under the progress scenario
as described in the testing4 and treatment5,6 guidelines leads to
higher cost, but also to the identiﬁcation of more people to treat,
leading to more treatments, and therefore to more future savings
from prevented sequelae. As a result, management according to
WHO guidelines is often more cost-effective than the status quo.
Under the progress scenario, focused testing among populations
at high prevalence or with signs and symptoms of chronic liver
disease is efﬁcient, yielding more patients per test conducted.
Under the elimination scenario, however, the requirement to
identify 90% of those infected leads to the need to test most of the
population. Many countries have a prevalence of HBV or HCV
under the 2% to 5% threshold that is the one recommended for
population testing by WHO.3 As a result, the efﬁciency of testing
decreases, leading to higher ICERs.
Across all regions, the ICER for elimination of HBV and HCV
was less than 3 3 GDP/capita. Willingness-to-pay thresholds
have been proposed to decide what is an acceptable ICER.
Willingness-to-pay represents an estimate of what the consumer (of healthcare) might demand, given preferences for
other, competing consumption goods. Alternatively, a supplyside concept of threshold represents an estimate of the health
foregone owing to the provider’s reallocating resources to a new
intervention in a package of services. The concept of health
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Figure 4. Sensitivity analysis of HBV and HCV results for the progress scenario, relative to base case ICER.

opportunity cost might be the most relevant sense of thresholds
for providers concerned with improving health given the resources currently available. GDP thresholds serve the purpose of
trying to understand what consumers might demand, all things
considered. The Commission on Macroeconomics and Health
used GDP thresholds for the economic value of a year of healthy
life.20 Subsequently, WHO-CHOICE cost-effectiveness analyses
categorized interventions with a cost equal to or less than 1
unit of GDP per capita per DALY gained as very cost-effective
and those with a cost between 1 and 3 units as cost-effective.
The WHO-CHOICE thresholds were intended to measure an
aspirational, demand-side threshold based on estimates of individuals’ preferences for health versus other consumption
goods.21 In our analysis, we expressed our ICERs with reference
to a GDP/capita threshold to provide context but not to indicate
whether an intervention should be pursued.

The sensitivity analysis indicated that our results are not substantially affected by our economic and clinical assumptions.
Nevertheless, the cost of commodities has a major inﬂuence on
the ICER estimates. First, procuring HBV medicines through inefﬁcient systems affects the cost-effectiveness of programs. Such
inefﬁciencies from fragmented procurement and high in-country
markup remain too common in a context where HBV treatment
should cost $30 or less annually.22 Second, in countries that
cannot access generic medicines,23 the higher prices of DAAs
procured from originators substantially decreases costeffectiveness. The price of diagnostics has less inﬂuence on costeffectiveness. Nevertheless, further reductions in cost—to a level
of $5/test for HBV DNA and HCV RNA—as envisioned24 would
improve cost-effectiveness.
Our analysis is affected by 4 main limitations. First, we still
miss accurate information on the cost of sequelae and on the
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proportion of patients with cirrhosis and HCC who actually access
care. This limits our capacity to estimate future savings from
sequelae prevented. National programs seeking a better understanding of the cost-effectiveness of their efforts need to work
with clinicians and healthcare administrators to quantify the use
of healthcare resources by patients with cirrhosis and HCC. Second, our scenarios are based on assumptions about the efﬁciency
of testing, the probability of being tested twice, and the outcome
of testing activities for the proportion of persons living with HBV
and HCV infection diagnosed. These assumptions are mostly
theoretical at this stage given the limited real-world experience of
programs to test persons from the general population.25-27 More
experiences are needed so that we can better quantify the
outcome and impact of such programs. Third, we did not account
for the possibility of reinfection. To address this limitation, we
undertook a sensitivity analysis on the assumed reduction in
incidence, which showed only a marginal impact on the ICER,
similar to the original costing exercise.8 Finally, our analysis
considered cost-effectiveness from a healthcare perspective. It did
not take into account the societal impact, including productivity
gains. The WHO prefers to make the investment case at the level
of the overall health system,28 while a health payer perspective is
preferred to assign resources within the healthcare sector.29 As a
result, our results cannot be compared with other analyses that
used a societal investment case or cost-beneﬁt approach.30-34
In conclusion, at the current level of activities, testing and
treatment for hepatitis is cost-effective for HBV, and cost-effective
and sometimes cost-saving for HCV. Scaling up of these activities
as recommended in the WHO guidelines would have a major
health impact with ICERs that would remain under 1 GDP/capita.
For elimination, testing and treatment is less cost-effective but
ICERs are consistently lower than 3 GDP/capita in all regions.
Overall, the price of commodities remains the main driver of costeffectiveness. On the basis of these conclusions, we can suggest 3
main implications. First, health systems should work to integrate
testing and treatment for HBV and HCV into UHC given the impact,
budget impact, and cost-effectiveness. Second, scaling up of
testing and treatment should be considered, at least to the progress level that generates substantial health beneﬁt at an optimized
cost-effectiveness ratio. Third, we need to continue to work on
price reductions for commodities to make it possible to scale up in
the future to levels that would be required for elimination.
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