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ABSTRACT

Introduction:  Eliminating hepatitis B virus (HBV)
as  a  major  public  health  threat  is  a  global  health
priority that requires cost-effective screening strategies.
This study evaluated the cost-effectiveness of sequential
birth cohort HBV screening strategies in China.

Methods:  Using  a  Markov  model,  we  compared
five  screening  strategies  with  current  practice,
calculating  HBV-related  deaths  averted,  quality-
adjusted  life  years  (QALYs)  gained,  and  incremental
cost-effectiveness  ratios  (ICER).  One-way
deterministic and probabilistic sensitivity analyses were
conducted to evaluate the robustness of the results.

Results:  The  sequential  birth  cohort  screening
strategy  (Sequential  Screening  1:  screening  the
1991–2000  cohort  in  2025–2026,  the  1971–1990
cohort  in  2027–2028,  and  the  1951–1970  cohort  in
2029–2030) was the most cost-effective, with an ICER
of  58,523  Chinese  Yuan  (CNY)  per  QALY  at  a
willingness-to-pay  threshold  of  three  times  the  per-
capita Gross Domestic Product (GDP). An alternative
strategy  that  prioritized  the  1951–1970  cohort  in
2025–2026  averted  the  most  HBV-related  deaths
(approximately  3.44  million)  and  gained  24.9  million
QALYs, with an ICER of 60,113 CNY per QALY, also
showing cost-effectiveness.

Discussion:   Our findings support sequential birth
cohort  screening  as  an  optimal  and  innovative
approach  to  achieving  the  WHO  HBV  elimination
targets,  offering  evidence-informed  guidance  for
policymakers  to  optimize  screening  programs  and
resource allocation. 

 

Hepatitis  B  virus  (HBV)  infection  poses  a  major
global  health  challenge,  with  far-reaching implications
for public health systems and individual well-being (1).
Despite advances in medical science and availability of
effective  treatment,  HBV remains  a  substantial  health

burden  worldwide.  HBV is  a  major  cause  of  cirrhosis
of  the  liver  and  hepatocellular  carcinoma,  which  are
associated with high morbidity and mortality (2). The
World  Health  Organization  (WHO)  has  a  goal  of
eliminating  viral  hepatitis  as  a  major  public  health
threat,  aiming  to  reduce  new  infections  by  90%  and
deaths by 65% by 2030 (3). Achieving these ambitious
targets requires multi-faceted approaches, with effective
screening being a cornerstone (4–5).

China  has  the  heaviest  burden  of  hepatitis  B
globally,  with  approximately  75  million  people  living
with  chronic  HBV  infection,  accounting  for  nearly
one-third  of  the  infected  population  worldwide.  In
2022,  there  were  450,000  deaths  attributed  to  HBV-
related  diseases  in  China  (6).  Among  the  75  million
people  living  with  chronic  HBV  infection,
approximately  30  million  are  unaware  of  their
infection  status  and,  consequently,  are  unable  to
undergo standardized diagnosis and treatment. Among
those  who  are  aware  of  their  HBV  infection,  17
million require antiviral  treatment,  but only 3 million
are receiving antivirals (7).

Screening  for  HBV  is  essential  for  detection  and
timely  initiation  of  treatment  to  prevent  disease
progression  (2,8).  However,  implementing  a
comprehensive  screening  program  is  challenging,
particularly  in  resource-constrained  settings.  Costs
associated  with  screening,  including  test  kits,
healthcare  personnel,  and  infrastructure,  must  be
carefully  weighed  against  potential  benefits.  Cost-
effective  screening  strategies  are  crucial  to  ensure  that
limited resources are allocated in a way that maximizes
health outcomes (9).

This  study  evaluated  the  cost-effectiveness  of  birth
cohort  HBV  screening  strategies,  focusing  on
sequential  birth  cohort  screening  with  model-based
simulations.  Using  advanced modeling  techniques,  we
simulated  the  natural  history  of  HBV  infection,  the
impact  of  screening  and  treatment  on  disease
progression,  and  the  associated  costs.  Through  a
comprehensive  analysis  of  different  sequential  birth
cohort screening strategies, we identified the most cost-
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effective approach. 

METHODS

A Markov model was developed using SAS software
version  9.4  (SAS  Institute,  Inc.,  Cary,  NC,  USA)  to
assess  the  cost-effectiveness  of  five  HBV  screening
strategies  in  China.  The  model  schematic  is  shown in
Figure  1.  The  model  incorporated  6  disease  states:
chronic  HBV  carrier  (Carrier),  chronic  hepatitis  B
(CHB),  compensated  cirrhosis  (CC),  decompensated
cirrhosis  (DC),  hepatocellular  carcinoma  (HCC),  and
HBV-related  death;  along  with  3  care  cascade  states:
undiagnosed, diagnosed but not on treatment, and on
treatment.  Annual  disease  progression  probabilities
(both natural and treatment-modified), along with cost
and  utility  parameters  derived  from  literature  review,
are  presented in Supplementary  Table  S1 (available  at
https://weekly.chinacdc.cn/).  The  model  simulated
long-term  outcomes,  including  HBV-related  deaths,
costs,  and  quality-adjusted  life  years  (QALYs).  The
initial  population  comprised  66,728,602  HBsAg-
positive  individuals  aged  20–69  years  (1951–2000
birth  cohort),  based  on  China’s  2020  national  HBV
seroepidemiological survey (7). The initial distribution
of health status and healthcare cascade among HBsAg-
positive  individuals  is  shown  in  Supplementary

Table S2 (available at https://weekly.chinacdc.cn/). 

Six Scenarios Were Compared
Status  quo:  maintaining  current  HBV  testing

practices  without  change,  the  diagnosis  rate  is
predicted to reach 90% by 2040 and the treatment rate
is predicted to reach 80% by 2050.

Targeted  Screening  1951–2000:  conduct  targeted
general  population screening for  the  1951–2000 birth
cohort  starting  in  2025,  aiming  to  achieve  the  WHO
targets of 90% diagnosed and 80% under treatment by
2030.

Targeted  Screening  1961–2000:  conduct  targeted
general  population screening for  the  1961–2000 birth
cohort  starting  in  2025,  aiming  to  achieve  the  WHO
targets of 90% diagnosed and 80% under treatment by
2030.

Targeted  Screening  1951–1990:  conduct  targeted
general  population screening for  the  1951–1990 birth
cohort  starting  in  2025,  aiming  to  achieve  the  WHO
targets of 90% diagnosed and 80% under treatment by
2030.

Sequential Screening 1: screen the 1991–2000 birth
cohort  in 2025–2026,  the 1971–1990 birth cohort  in
2027–2028,  and  the  1951–1970  birth  cohort  in
2029–2030. Each stage aims to meet the WHO targets
of 90% diagnosed and 80% under treatment.
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FIGURE 1. Markov model schematic for CHB natural history and care cascade transition simulation.
Note: Carrier, CHB, and CC can lead to natural, unrelated death (not shown).
Abbreviation:  CHB=chronic  hepatitis  B;  CC=compensated  cirrhosis;  DC=decompensated  cirrhosis;  HCC=hepatocellular
carcinoma.
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Sequential Screening 2: screen the 1951–1970 birth
cohort  in 2025–2026,  the 1971–1990 birth cohort  in
2027–2028,  and  the  1991–2000  birth  cohort  in
2029–2030. Each stage aims to meet the WHO targets
of 90% diagnosed and 80% under treatment.

The  screening  approach  used  was  the
HBsAg/HBcAb  rapid  test.  The  treatment  criteria
adhered  to  the  WHO  guidelines  for  the  prevention,
diagnosis,  care,  and  treatment  of  people  with  chronic
hepatitis  B  infection  (2).  We  calculated  ICER  to
identify the additional cost per QALY gained between
the  status  quo  and  the  five  screening  strategies  and
determine  the  cost-effectiveness  of  each  strategy.  We
adopted  the  WHO  definition  of  cost-effectiveness,
which  is  less  than  three  times  the  per  capita  Gross
Domestic Product (GDP) (10).  Accordingly, the cost-
effectiveness  threshold  was  set  at  287,247  Chinese
Yuan  (CNY,  2024).  Future  costs  and  QALYs  were
discounted at 3% per year.

We  conducted  probabilistic  sensitivity  analyses  to
characterize  all  model  parameters’  combined
uncertainty  with  1,000  Monte  Carlo  simulations.  We
conducted one-way deterministic sensitivity analyses to
determine  the  effect  of  parameter  uncertainty  and
model robustness. 

RESULTS

Under  the  status  quo,  HBV-related  deaths  are
projected  to  peak  in  2029  at  approximately  330,000
deaths  annually.  Based  on  the  Global  Health  Sector

Strategy  (GHSS)  target  of  a  65%  reduction  in
mortality,  China  will  not  meet  this  target  until  2053
without  intervention.  The  three  targeted  screening
scenarios  would  significantly  reduce  HBV  deaths,
achieving  the  GHSS  target  by  2044.  The  Sequential
Screening 1 strategy could achieve the GHSS target by
2036,  while  the  Sequential  Screening 2  strategy  could
achieve it by 2035 (Figure 2). The Targeted Screening
1951–2000,  Targeted  Screening  1961–2000,  and
Targeted  Screening  1951–1990  strategies  could  avert
2.34  million,  2.33  million,  and  2.13  million  HBV-
related deaths, respectively. The Sequential Screening 1
and  Sequential  Screening  2  strategies  demonstrated
superior  outcomes,  potentially  averting  3.18  million
and  3.44  million  HBV-related  deaths,  respectively
(Table 1).

Results  of  the  cost-effectiveness  analyses  are
presented  in Table  1.  Targeted  Screening  1951–2000
was  estimated  to  cost  2,454.3  billion  CNY,  with  an
incremental  cost  of  956.2  billion  CNY,  gaining  15.2
million  QALYs  and  resulting  in  an  ICER  of  62,974
CNY  per  QALY  gained.  Targeted  Screening
1961–2000  was  estimated  to  cost  2,306.9  billion
CNY, with an incremental cost of 935.1 billion CNY,
gaining 15.7 million QALYs and yielding an ICER of
59,551  CNY  per  QALY  gained.  Targeted  Screening
1951–1990  was  estimated  to  cost  2,231.9  billion
CNY, with an incremental cost of 893.0 billion CNY,
gaining  13.6  million  QALYs  and  producing  an  ICER
of  65,519  CNY  per  QALY  gained.  Sequential
Screening  1  was  estimated  to  cost  2,843.1  billion
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FIGURE 2. Impact of HBV screening strategies on HBV-related deaths from 2025 to 2060.
Note: The green dashed line represents the GHSS target of reducing HBV-related deaths by 65%  in China (<150,000). In
2019,  an estimated 470,800 hepatitis  B-related deaths occurred in the Western Pacific  Region,  with China accounting for
90% (around 420,000). To meet the target, annual deaths need to be less than 150,000.
Abbreviation: HBV=hepatitis B virus; GHSS=Global Health Sector Strategy.
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CNY,  with  an  incremental  cost  of  1,345.0  billion
CNY,  gaining  23.0  million  QALYs,  with  an  ICER of
58,523  CNY per  QALY  gained.  Sequential  Screening
2 was estimated to cost 2,997.6 billion CNY, with an
incremental cost of 1,499.6 billion CNY, gaining 24.9
million  QALYs,  with  an  ICER  of  60,113  CNY  per
QALY  gained.  All  strategies  demonstrated  cost-
effectiveness  under  the  threshold  of  three  times  per-
capita  GDP  (287,247  CNY).  The  most  cost-effective
strategy was Sequential Screening 1.

As  shown  in Figure  3,  the  probability  of  a  strategy
being cost-effective depended on the willingness-to-pay
threshold (0–3 times  per-capita  GDP).  At  a  threshold
of 287,247 CNY (3 times per-capita GDP), Sequential
Screening  2  had  a  100%  probability  of  being  cost-
effective, outperforming the other strategies. Sequential
Screening 2 remained the leading cost-effective strategy

until  the  threshold  decreased  to  0.78  times  the  GDP
per  capita  (130,000  CNY),  after  which  Sequential
Screening  1  became  the  most  cost-effective,  with  an
86.5% probability of being cost-effective at a threshold
of  100,000  CNY.  If  willingness-to-pay  decreased  to
75,000  CNY,  the  Targeted  Screening  1951–2000
strategy  would  become  the  most  cost-effective.
Sensitivity  analyses  demonstrated  that  variations  in  all
parameters  did  not  substantially  affect  the  conclusion
that  the sequential  birth cohort  screening strategy was
cost-effective under the threshold of 3 times per-capita
GDP  (Supplementary  Figure  S1,  available  at  https://
weekly.chinacdc.cn/). 

DISCUSSION

WHO recommends  HBV  screening  for  individuals
 

TABLE 1. Effectiveness and cost-effectiveness for HBV screening strategies in China.

Scenario HBV-related deaths
averted (million)

Costs
(billion CNY)

Incremental costs
(billion CNY)

QALYs gained
(million)

ICER cost/QALY
gained

Targeted Screening 1951–2000 2.34 2,454.3 956.2 15.2 62,974

Targeted Screening 1961–2000 2.33 2,306.9 935.1 15.7 59,551

Targeted Screening 1951–1990 2.13 2,231.9 893.0 13.6 65,519

Sequential Screening 1 3.18 2,843.1 1,345.0 23.0 58,523

Sequential Screening 2 3.44 2,997.6 1,499.6 24.9 60,113

Abbreviation: HBV=hepatitis B virus; CNY=Chinese Yuan; QALY=quality-adjusted life years; ICER=incremental cost-effectiveness ratio.
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FIGURE 3. Cost-effectiveness acceptability curves for HBV screening strategies.
Abbreviation: GDP=gross domestic product; CNY=Chinese Yuan.
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born  in  regions  with  HBsAg  seroprevalence  of  2%  or
higher  (11–12).  Traditional  approaches  such  as
universal  population  screening  may  not  be
economically  viable,  particularly  in  a  large,  populous
country  like  China.  While  high-risk  population
screening  reduces  initial  investment  and  can  be
implemented  in  resource-limited  settings,  it  faces
significant challenges in accurately identifying key risk
groups  —  a  process  requiring  extensive  resources  to
establish  reliable  criteria  and  screening  methods  (13).
In  contrast,  birth  cohort  screening  offers  a  more
targeted  approach  that  accounts  for  the
epidemiological  characteristics  of  HBV  infection.  To
our knowledge, this is the first economic evaluation of
sequential  birth  cohort  screening  and  treatment
strategies for HBV in China.

Our  study  has  several  important  program
implications.  First,  without  implementing  a  screening
strategy,  China will  not  achieve  the  GHSS target  of  a
65% reduction in mortality until after 2050, consistent
with  predictions  by  the  Polaris  Observatory
Collaborators  (14).  If  China  implements  HBV
screening starting in 2025, the likelihood of achieving
the GHSS targets of a 90% diagnosis rate and an 80%
treatment rate by 2030 is small. Second, both targeted
cohort  screening  and  sequential  cohort  screening
strategies are cost-effective, with targeted younger birth
cohorts  showing  a  lower  ICER  compared  to  older
cohorts. Screening the 1951–2000 birth cohort, which
includes  people  aged  60–69  years,  resulted  in  a  less
favorable ICER due to the reduced lifespan of the older
population  compared  with  the  1961–2000  cohort.
Screening  younger  people  with  longer  life  expectancy
contributes  more  QALYs  gained,  similar  to  findings
from  a  previous  study  of  universal  HBV  screening  in
China  (15).  Third,  sequential  birth  cohort  screening
averts  more  HBV-related  deaths  and  gains  more
QALYs,  with  a  lower  ICER,  compared  to  targeted
cohort  screening.  Sequential  screening  enables  each
birth cohort to be screened more quickly, meeting the
WHO  targets  of  90%  diagnosis  and  80%  treatment
sooner,  thereby  significantly  averting  more  HBV-
related  deaths  and  gaining  more  QALYs.  Fourth,  our
findings are robust and applicable to China as a whole
or  to  individual  provinces.  Given  the  substantial
variation  in  per-capita  GDP  across  provinces,  our
probabilistic  sensitivity  analyses  confirmed  that
sequential  cohort  screening  strategies  remain  cost-
effective  even  if  the  willingness-to-pay  threshold  is
lowered  to  0.78  times  per-capita  GDP  (Figure  3).
Understanding the cost-effectiveness of these strategies

provides  valuable  insights  for  policymakers  and
healthcare  providers,  enabling  informed  decision-
making about resource allocation and implementation.

The  Markov  model  constructed  in  this  study  and
the  innovative  HBV  screening  strategy  have  several
considerations for future application. First,  this  model
is  applicable  in  scenarios  where  data  on  HBsAg
prevalence  and  disease  distribution  status  of  HBV-
infected individuals  are  available.  Second,  for  accurate
predictions,  model  parameters  need  adjustment  based
on  the  efficacy  of  hepatitis  B  treatment  medicines
during application. Third, the model is  not applicable
in  scenarios  involving  dynamic  increases  in  HBsAg-
positive  individuals,  liver  transplantation,  natural
HBsAg loss, or hepatitis B medicine resistance.

In  conclusion,  this  study  strongly  supports
implementation  of  a  sequential  birth  cohort  screening
strategy  as  a  cost-effective  approach  to  screening  for
HBV  infection.  Sequential  birth  cohort  screening
represents  an  optimal  and  innovative  HBV  screening
strategy  for  China  that  can  significantly  contribute  to
achieving the WHO targets for HBV elimination. Our
results  provide  valuable  evidence  for  policymakers  to
optimize  HBV  screening  programs  and  allocate
resources efficiently. 
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SUPPLEMENTARY MATERIAL
 

SUPPLEMENTARY TABLE S1. Parameters used in the Markov model.
Parameters Base case Lower bound Upper bound Data source

Natural disease progression

From Carrier to

CHB (Aged 20–39) 0.0023 0.0012 0.0035 (1–2)

CHB (Aged ≥40) 0.0054 0.0027 0.0081 (1–2)

HCC (Aged 20–29) 0.0018 0.0014 0.0022 (3–4)

HCC (Aged 30–39) 0.0019 0.0015 0.0023 (3–4)

HCC (Aged ≥40) 0.0033 0.0026 0.0040 (3–4)

From CHB to

Carrier 0.0600 0.0480 0.0720 (3,5)

CC 0.0380 0.0220 0.0880 (3,6)

HCC (Aged 20–39) 0.0030 0.0024 0.0036 (3)

HCC (Aged ≥40) 0.0061 0.0049 0.0073 (3)

From CC to

DC 0.0730 0.0350 0.1000 (1)

HCC 0.0340 0.0100 0.1200 (1)

HBV-related death 0.0310 0.0310 0.0380 (1)

From HCC to

HBV-related death 0.4500 0.2200 0.7000 (1)

Disease progression on treatment

From Carrier to

CHB (Aged 20–39) 0.0012 0.0006 0.0017 (1–2) Assumed 50% reduction

CHB (Aged ≥40) 0.0027 0.0014 0.0041 (1–2) Assumed 50% reduction

HCC (Aged 20–29) 0.0012 0.0010 0.0014 (3)

HCC (Aged 30–39) 0.0014 0.0011 0.0016 (3)

HCC (Aged ≥40) 0.0018 0.0014 0.0022 (3)

From CHB to

Carrier 0.0780 0.0624 0.0936 (7)

CC 0.0012 0.0012 0.0030 (8)

HCC (Aged 20–39) 0.0016 0.0013 0.0019 (3)

HCC (Aged ≥40) 0.0047 0.0033 0.0060 (3)

From CC to

CHB 0.1350 0.0950 0.2420 (9)

DC 0.0050 0.0045 0.0190 (8)

HCC 0.0068 0.0028 0.0169 (8)

HBV-related death 0.0170 0.0120 0.0480 (1)

From DC to

CC 0.2840 0.2530 0.3160 (10)

HCC 0.0217 0.0185 0.0249 (8)

HBV-related death 0.0790 0.0110 0.1440 (8)

From HCC to

HBV-related death 0.1750 0.1000 0.2500 (8)
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Continued
Parameters Base case Lower bound Upper bound Data source

Costs (CNY)

HBsAg and HBcAb rapid test 5.0000 2.5000 7.5000 (11)

Screening program setup 28.0000 14.0000 42.0000 (12)

Follow-up management 5.0000 2.5000 7.5000 (13)

Generic entecavir or tenofovir 80.0000 60.0000 100.0000 (14)

CHB treatment 12,093.8800 6,953.3800 16,062.3100 (3)

CC treatment 30,108.1400 24,058.6900 36,157.5800 (1)

DC treatment 38,403.5200 30,733.9400 46,100.9100 (1)

HCC treatment 50,766.6300 40,607.7400 60,911.6100 (1)

Utility weight

Carrier 0.7900 0.7400 0.8400 (1)

CHB 0.7500 0.7200 0.7900 (15)

CC 0.7300 0.6900 0.7800 (1)

DC 0.6500 0.6300 0.6700 (1)

HCC 0.3800 0.3600 0.4100 (1)

Discount rate: cost (%) 3.0000 0 6.0000 (16–17)

Discount rate: health outcome (%) 3.0000 0 6.0000 (16–17)
Abbreviation: HBV=hepatitis B virus; HBsAg=hepatitis B surface antigen; HBcAb=hepatitis B core antibody; CHB=chronic hepatitis B; CC=
compensated cirrhosis; DC=decompensated cirrhosis; HCC=hepatocellular carcinoma; CNY=Chinese Yuan.
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From Carrier to CHB (on treatment)
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From Carrier to HCC (on treatment)

Cost of CHB treatment

Discount rate

Lower bound

Upper bound
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SUPPLEMENTARY FIGURE S1. Tornado diagram showing the 10 most impactful parameters from the one-way sensitivity
analysis. (A) Scenario : Sequential screening 1; (B) Scenario : Sequential screening 2.
Abbreviation:  CHB=chronic  hepatitis  B;  CC=compensated  cirrhosis;  HCC=hepatocellular  carcinoma;  CNY=Chinese  Yuan;
QALY=quality-adjusted life years; ICER=incremental cost-effectiveness ratio.
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