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Background: Mother-to-child transmission (MTCT) is the major route of HBV transmission in many parts of
the world. We designed couple-based immunization strategy and aimed to assess the cost-effectiveness of
this strategy in China.
Methods: We constructed a decision-analytic Markov model to compared current immunization strategy
consisting of hepatitis B vaccination (HepB) for all infants and extra hepatitis B immunoglobulin for infants
with HBsAg-positive mothers versus couple-based immunization strategy including additional HBV screen-
ing for pre-pregnant couples and HepB for high-risk wives. Costs were assessed from a healthcare system
perspective. Number of infants with perinatal HBV infection, life-years (LYs), quality-adjusted life-years
(QALYs), and disability-adjusted life-years (DALYs) were used to access effects. We calculated incremental
cost-effectiveness ratios (ICERs) and performed sensitivity analysis.
Findings: Based on the birth cohort of 17,578,815 livebirths in China in 2017, couple-based immunization strat-
egy reduced perinatal HBV infection by 18% (9194/51,365) with cost increase of < 41 million, saved 49,986 LYs
(ICER: <819 per LY saved), gained 48,879 QALYs (ICER: <837 per QALY gained) and averted 63,362 DALYs (<646
per DALY averted) compared with current immunization strategy. These ICERs were below willingness-to-pay
levels of China’s once GDP per capita (<59,660), remaining robust in sensitivity analysis.
Interpretation: Under the intermediate endemic of HBV infection in China, implementation of couple-based
immunization strategy can improve the efficiency of preventing MTCT of HBV, and is highly cost-effective. This
strategy can be a new immunization strategy choice to achieve the target of eliminating hepatitis B by 2030.
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1. Introduction

Mother-to-child transmission (MTCT) is the major route of HBV
transmission, and an important factor for the reservoir of chronic
HBV infection in the populations of many parts of the world, espe-
cially in China and South-East Asia [1]. A literature has reported [2]
that in the absence of prophylaxis, approximately 90% of the hepatitis
B e antigen (HBeAg)-positive mothers transmit HBV to their offspring,
compared with 10%�20% of HBeAg-negative carrier mothers. The risk
of developing chronic HBV infection is 90% following acute infection
in neonates [1,3].

In 1992, China actively responded to the call of WHO to include the
infant hepatitis B vaccination (HepB) in the routine childhood
immunization programme [4]. Since 2002, China integrated HepB into
the expanded programme on immunization and provided free three
doses of HepB for all newborns [5]. Reported coverages of three doses of
HepB and timely birth-dose of HepB for infants was 99.58% and 95.61%
in 2015, respectively [6]. At the end of 2010, China’s Integrated Preven-
tion of Mother-to-Child Transmission of HIV, Syphilis and Hepatitis B
Virus programme (iPMTCT programme) was launched in 1156 counties
(covering 41% of the country) [7], and iPMTCT programme has been
extended nationwide since 2015 [8]. In iPMTCT programme, children
born to screened mothers with hepatitis B surface antigen (HBsAg)-
positive were extra provided with free hepatitis B immunoglobulin
(HBIG; 100 IU) within 24 h after birth, in addition to three doses of
HepB [7]. As of 2017, the national coverage of HBsAg screening test
among pregnant women exceeded 99.5% and almost all (99.7%) of
infants exposed to HBV received HBIG at birth [8].
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Research in context

Evidence before this study

We searched PubMed for articles published in English or Chi-
nese before April 2019, with the terms “hepatitis B virus
(HBV)”, “economic” or “cost-effective”, and “mother-to-child
transmission (MTCT)” or “perinatal transmission”. We identi-
fied cost-effectiveness of current immunization strategy con-
sisting of HBsAg screening for pregnant women, HepB for all
infants and extra HBIG for infants born to HBsAg-positive
mothers to prevent MTCT of HBV has been reported in some
studies. And some studies reported the cost-effectiveness of
antiviral prophylaxis during pregnancy to prevent MTCT of
HBV. However, no previous studies describing health effects
or cost-effectiveness of couple-based immunization strategy
including additional HBV screening for pre-pregnant couples
and HepB for high-risk wives to prevent MTCT of HBV
worldwide.

Added value of this study

In this study, using decision-analytic Markov model to access the
cost-effectiveness of couple-based immunization strategy versus
current immunization strategy to prevent MTCT of HBV in China.
To our knowledge, this study first compared the lifetime costs
and effectiveness in the couple-based immunization strategy
versus the current immunization strategy under the intermedi-
ate endemic of HBV infection in China. Furthermore, the parame-
ter data of the prevalence of HBV infection in pre-pregnant
couples was from our group’s published research on the nation-
wide level population-based HBV sero-epidemiological survey in
China. Our findings add to the understanding of comprehensive
prevention and control MTCT of HBV by additional immuniza-
tion intervention basing on the current immunization strategy in
developing countries.

Implications of all the available evidence

Preventing MTCT of HBV is one of the five core interventions to
achieve the goals of World Health Organization to eliminate
hepatitis B as a major public health threat by 2030. Evidence on
how to achieve the target will be needed to help guide national
policies. This study found that couple-based immunization
strategy is more effective to prevent MTCT of HBV, is cost-effec-
tive at the threshold of one-time GDP per capita, and is feasible
and affordable under the current conditions of China. Our
results suggested that the couple-based immunization strategy
could use as a new immunization strategy to control MTCT of
HBV and to achieve the target of eliminating hepatitis B by
2030 in other countries with high or intermediate endemic of
HBV. Future research should explore the effective strategies on
curb HBV transmission in reproductive women and pregnant
women to improve the efficiency of preventing MTCT of HBV.
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However, the current immunization strategy does not completely
block the MTCT of HBV. A meta-analysis in 2014 [9] has reported that
the failure rate of the HBIG plus HepB prophylaxis for infants born to
HBsAg-positive mothers was 4.87% in Chinese population. According
to WHO estimates and the national serological survey in 2014 [5,10],
under the intermediate endemic of HBV infection in China [11], about
50,000 children are born with HBV every year despite of the imple-
mentation of current immunization strategy. Although a few studies
[12,13] have explained that antiviral therapy for pregnant women
with high HBV-DNA load in the third trimester effectively decreased
MTCT of HBV, it is still controversial whether antiviral therapy could
be promoted as a public health strategy [1,14].

In order to reduce the failure rate of the current immunization strat-
egy, it is vital to explore a new immunization strategy for China to pre-
vent MTCT of HBV, and to achieve the target of 90% reduction of new
cases of chronic HBV infections by 2030. Therefore, we designed a new
immunization strategy, including additional HBV serological screening
for pre-pregnant couples as well as HepB for HBsAg-negative wives of
HBsAg-positive husbands basing on the current immunization strategy
(named couple-based immunization strategy), to improve the efficiency
of preventing MTCT of HBV. The aims of the couple-based immunization
strategy were to reduce HBV infection in reproductive women, thereby
reduce HBV infection in pregnancy and reduce the risk of MTCT of HBV.
The aims of this study were to access the cost-effectiveness of couple-
based immunization strategy by a decision-analytic Markov model; to
access the costs, expected effects and feasibility of this immunization
strategy; and to provide a new strategy proposal for controlling MTCT of
HBV in China.

2. Methods

2.1. Comparator strategies

2.1.1. Current immunization strategy
This strategy includes universal HepB for all infants and extra

HBIG for infants born to HBsAg-positive mothers. HBsAg screening is
performed for all pregnant women. All infants receive the first dose
of HepB within 24 h of birth, followed by the second and third dose
of HepB at 1 and 6 months, respectively. In addition, extra HBIG
(�100 IU) is provided within 24 h of birth (preferably within 12 h of
birth) for infants born to HBsAg-positive mothers.

2.1.2. Couple-Based immunization strategy
This strategy includes universal HepB for all infants, HBIG for

infants born to HBsAg-positive mothers, additional HBV serological
screening for pre-pregnant couples and HepB for HBsAg-negative
wives of HBsAg-positive husbands. That is, based on the current
immunization strategy, additional HBV serological screening
(including HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc) is pro-
vided for all pre-pregnant couples and HepB is given for all HBsAg-
negative wives of HBsAg-positive husbands.

2.2. Model structure

In this economic evaluation, we constructed a decision-analytic
Markov model to compare the costs and effects of the two immuniza-
tion strategies to prevent MTCT of HBV. The baseline parameter val-
ues and plausible ranges were obtained from the literatures, and
were summarized in Table 1.

We developed a decision tree (Figure S1) representing the two immu-
nization strategies to prevent MTCT of HBV. According to internationally
accepted definitions [1], we constructed aMarkovmodel representing the
health states of chronic HBV infection and progression (Figure S2), which
consisted of nine health states: immune tolerant, immune active, inactive
carrier, immune due to infection, HBeAg-negative chronic hepatitis B,
compensated cirrhosis (CC), decompensated cirrhosis (DCC), hepatocellu-
lar carcinoma (HCC) and death. Transition parameters between health
states were obtained from the published literatures home and abroad
(Table 1). Population-based age-specific mortality rates were obtained
from China Population & Employment Statistics Yearbook, 2018 [42].

2.3. Costs estimations

Costs in this study were assessed from a healthcare system per-
spective, including direct intervention costs and direct medical costs,



Table 1
Main model parameters.

Parameter Base-case value Deterministic range PSA distribution PSA parameters Source

Epidemiological parameters
Proportion of couples both tested HBsAg+ (%) 0.69% §10% Triangular � [15]
Proportion of couples only the wives tested HBsAg+ (%) 4.18% §10% Triangular � [15]
Proportion of couples only the husbands tested HBsAg+ (%) 5.6% §10% Triangular � [15]
Risk of HBsAg- wives being infected with HBV
by HBsAg+ husbands after receiving HepB (%)

1% 0�5% Uniform low=0,high=5 [16,17]

Prevalence of HBsAg+ among pregnant women (%) 6% §10% Triangular � [10,18]
Risk of perinatal HBV transmission with HBIG and HepB (%) 4.87% 3.58�6.59% Triangular � [9]
Risk of symptomatic HBV after perinatal infection (%) 1% §50% Beta a=15.2,b=1505.07 [19]
Risk of infant fulminant hepatitis B after symptomatic infection (%) 0.1% §50% Beta a=15.35,b=15,334.68 [20]
Risk of infant death from fulminant hepatitis B infection (%) 60% � � � [21,22]
Risk of infant chronic HBV infection after fulminant hepatitis (%) 33.3% � � � [22]
Risk of chronic HBV infection after perinatal infection (%) 89% 80�90 Beta a=133,b=16.44 [19]
Discount: cost (%) 3% 0�6 Point estimate � [23]
Discount: effect (%) 3% 0�6 Point estimate � [23]
Livebirths in 2017 17,578,815 � � � [24]
Life expectancy in 2015 (year) 76.3 � � � [24]
Annual disease transition rates
From immune tolerant to
Immune active Age<18:0.017 §50% Beta a=15.09,b=872.45 [25]

Age�19:0.1423 0.12�0.16 Beta a=166.66,b=1004.52 [26]
Hepatocellular carcinoma 0.003 0�0.006 Beta a=3.83,b=1271.86 [27]
From immune active to
inactive carrier 0.125 0.1�0.15 Beta a=83.91,b=587.37 [1]
HBeAg-negative chronic hepatitis B 0.005 0�0.05 Beta a=0.15,b=29.43 [27]
Compensated cirrhosis 0.038 0.022�0.088 Beta a=4.86,b=123.09 [26,28]
Hepatocellular carcinoma 0.011694 0.007999�0.016509 Beta a=28.67,b=2422.6 [29]
From inactive carrier to
HBsAg negative 0.014 0.005�0.03 Beta a=4.74,b=333.65 [30-33]
immune active 0.0048 0.004�0.018 Beta a=1.79,b=371.72 [26]
HBeAg-negative chronic hepatitis B 0.0268 0.0155�0.0471 Beta a=10.73,b=389.63 [27]
Compensated cirrhosis 0.001 0.001�0.002 Beta a=15.35,b=15,334.68 [20,26]
Hepatocellular carcinoma 0.00064 §50% Beta a=15.36,b=23,978.28 [34]
From HBeAg-negative chronic hepatitis B to
Compensated cirrhosis 0.029 0.015�0.058 Beta a=6.76,b=226.26 [26]
Hepatocellular carcinoma 0.003243 0.002407�0.004275 Beta a=46.16,b=14,187.75 [29]
From compensated cirrhosis to
Decompensated cirrhosis 0.039 0.032�0.046 Beta a=114.56,b=2822.8 [35]
Hepatocellular carcinoma 0.048 0.030�0.066 Beta a=25.96,b=514.85 [35]
Death 0.0555 0.031�0.080 Beta a=18.56,b=315.92 [35]
From decompensated cirrhosis to
Hepatocellular carcinoma 0.071 0.01�0.113 Beta a=6.71,b=87.82 [26,35]
Death 0.17 0.10�0.25 Beta a=16.21,b=79.15 [35,36]
From hepatocellular carcinoma to
Death 0.34 0.22�0.45 Beta a=21.82,b=42.36 [37]
Intervention costs (Chinese yuan <)
HepB cost per infant 21 16�25 Triangular � [38]
HBsAg screening cost per pregnant women 8 6�10 Triangular � [38]
HBIG vaccination cost per infant 152 145�176 Triangular � [38]
HBV serological screening cost per couple 50 30�70 Triangular � Assumption
HepB cost per adult 60 40�80 Triangular � Assumption
Cost of HBV-related diseases (Chinese yuan <)
Infant acute hepatitis B (symptomatic) 16,368 §20% Triangular � [39,40]
Infant acute, fulminant hepatitis B 60,184 §20% Triangular � [39,40]
Immune tolerant 440 §20% Triangular � [41]
Immune active 3304 §20% Triangular � [39,40]
Inactive carrier 440 §20% Triangular � [41]
HBeAg-negative chronic hepatitis B 3241 §20% Triangular � [39,40]
Compensated cirrhosis 35,764 20�120% Triangular � [39,40]
Decompensated cirrhosis 45,611 §20% Triangular � [39,40]
Hepatocellular carcinoma 60,302 §20% Triangular � [39,40]
Health Utilities
General population 0.82 0.800�0.840 Beta a=1161.57,b=254.98 [38]
Immune tolerant 0.795 0.760�0.820 Beta a=552.25,b=142.4 [38]
Immune active 0.76 0.660�0.795 Beta a=116.12,b=36.67 [38]
Inactive carrier 0.795 0.760�0.820 Beta a=552.25,b=142.4 [38]
HBeAg-negative chronic hepatitis B 0.75 0.720�0.795 Beta a=383.41,b=127.8 [38]
Compensated cirrhosis 0.72 0.660�0.750 Beta a=274.65,b=106.81 [38]
Decompensated cirrhosis 0.57 0.470�0.610 Beta a=108.96,b=82.2 [38]
Hepatocellular carcinoma 0.51 0.390�0.570 Beta a=59.94,b=57.59 [38]

See appendix for the disability weights of HBV-related diseases used for disability-adjusted life-years. PSA=probabilistic sensitivity analysis. HBsAg=Hepatitis B surface antigen.
HBV=hepatitis B virus. HBIG= hepatitis B immunoglobulin. HepB=hepatitis B vaccination. HBeAg=hepatitis B e antigen.
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measured in Chinese yuan (<; < 1 equivalent to 0.15 United states
dollars) (Table 1).

Direct intervention costs were composed of the costs of HepB for
infants, HBsAg screening for pregnant women, HBIG vaccination for
infants born to HBsAg-positive mothers, HBV serological screening
for pre-pregnant couples, and HepB for HBsAg-negative wives of
HBsAg-positive husbands.

Direct medical costs were composed of the treatment costs and
monitoring costs directly incurred by HBV infected persons.

2.3.1. Treatment costs of HBV-related diseases
This study determined the treatment cost parameters based on

the results of the economic burden survey of HBV-related diseases
among hospitalized patients in 12 cities in China in 2010 [39], and
adjusted to the price level of 2017 with healthcare consumer price
index [24]. One-time direct treatment costs of acute HBV infections
and the annual direct treatment costs of chronic HBV infections were
calculated. The treatment costs of immune active and HBeAg-nega-
tive chronic hepatitis B phases were determined based on the annual
outpatient average direct medical costs, because we assumed that
rarely hospitalizations were incurred for the initial stages of chronic
HBV infection. The treatment costs of HBV-related CC, DCC and HCC
phases were determined according to the annual average direct med-
ical costs (including outpatient expenditure, inpatient expenditure,
and expenditure of medicines self-purchased in retail). We used 20%
of the CC cost for the lower range as hospitalizations were less com-
mon among patients with CC.

2.3.2. Monitoring costs of HBV-related diseases
WHO guidelines for the prevention, care and treatment of persons

with chronic hepatitis B infection [1] recommend that treatment is
not generally indicated in the immune tolerant and inactive carrier
phases, but monitoring is required for disease progression at least
once a year. Monitoring generally includes assessment of HBV sero-
logic status, HBV-DNA load, blood routine, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, total bilirubin,
serum albumin, prothrombin time, alpha-fetoprotein, liver ultra-
sound and liver stiffness measurement [43].

2.4. Health outcomes

We estimated the number of infants with perinatal HBV infection,
and their lifetime advanced HBV-related diseases (CC, DCC, HCC) and
HBV-related deaths, as well as life-years (LYs), quality-adjusted life-
years (QALYs), and disability-adjusted life-years (DALYs) in the total
birth cohort under each strategy. LYs represent an objective measure,
but do not consider morbidity. Health utilities of HBV from the relevant
domestic studies [38] were used for QALYs of HBV-related diseases
(Table 1). Disability weights from the Global Burden of Disease Study
2013 [44] were used for DALYs of HBV-related diseases (Table S1).

2.5. Measurement of cost-effectiveness

We calculated the incremental cost-effectiveness ratio (ICER)
between the current immunization strategy and the couple-based
immunization strategy, which was defined as Cost2�Cost1

Effectiveness2�Effectiveness1.
Table 2
Costs of the two immunization strategies.

Immunization strategy Total direct cost (CNY<, million

Intervention HBV-related diseases

Current (Reference) 670 4851
Couple-based 1579 3983
Following the cost-effectiveness thresholds recommended by the
WHO’ Choosing Interventions that are Cost-Effective project when
evaluating health interventions [23], the strategy was deemed cost-
effective if the ICER was below the willingness-to-pay (WTP) thresh-
old of three times of the country’s annual gross domestic product
(GDP) per capita. Highly cost-effective was defined if the ICER was
below the WTP threshold of once the annual GDP per capita. Accord-
ing to China Health Statistics Yearbook [24], China’s GDP per capita
was <59,660 in 2017.
2.6. Statistical analysis

A decision-analytic Markov model was constructed in TreeAge Pro
2019, R1 (TreeAge Software, Inc., MA, USA, serial number: AMVLA-
VQHD3-GBNQM-B). This decision-analytic Markov model was used
to simulate costs and health outcomes in a birth cohort of 17,578,815
livebirths in China in 2017 [24], and was specified a 76-year cycle
with a 1-year interval in accordance with the life expectancy of
76.3 years in China in 2015 (the life expectancy of China was unavail-
able in 2017) [24]. A half cycle correction was applied to estimate the
costs and effectiveness. According toWHO guide to cost-effectiveness
analysis, 3% discount rate was used for costs and effects [23,27].
2.7. Sensitive analysis

To access the robustness of the results, we performed both one-
way deterministic sensitivity analysis and probabilistic sensitivity
analysis. In the one-way sensitivity analysis, parameters were varied
over plausible ranges to evaluate the impact of the parameters
changes on the ICER. Probabilistic sensitivity analysis (PSA) was done
to characterize the overall combined uncertainty of all the model
parameters by using Monte Carlo simulations. The result of PSA was
also presented in a cost-effectiveness acceptability curve, indicating
the probability of cost-effectiveness through a variation of WTP.
3. Results

3.1. Costs of the two immunization strategies

We used the birth cohort of 17,578,815 livebirths in China in
2017, and calculated the total direct costs and Incremental direct
costs (Table 2).

As shown in Table 2, the total direct costs in the current immuni-
zation strategy and the couple-based immunization strategy were
close (< 5521 million vs. < 5562 million, respectively). The direct
intervention cost in the current immunization strategy was lower
than the couple-based immunization strategy (< 670 million vs.
< 1579 million), while the direct medical cost of HBV-related dis-
eases in the current immunization strategy was higher than the cou-
ple-based immunization strategy (< 4851 million vs. < 3983
million). The couple-based immunization strategy required an addi-
tional < 909 million direct intervention cost than the current immu-
nization strategy, but avoided < 868 million direct medical cost of
HBV-related diseases, with a total direct cost increase of only <
41 million.
s) Incremental direct cost (CNY<, millions)

Total Intervention HBV-related diseases Total

5521 � � �
5562 909 �868 41



Table 3
Effects of the two immunization strategies.

Health outcomes Current (Reference) Couple-based Incremental
Cases

Perinatal HBV infection 51,365 42,171 �9194
HBV-related advanced diseases Compensated cirrhosis 887 728 �159

Decompensated cirrhosis 184 151 �33
Hepatocellular carcinoma 237 195 �42
Total 1308 1074 �234

HBV-related deaths 35,472 29,123 �6349
Life-years
Life-years 519,479,550 519,529,536 49,986
Quality-adjusted life-years 425,929,148 425,978,028 48,879
Disability-adjusted life-years 12,437,165 12,373,804 �63,362
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3.2. Effects of the two immunization strategies

We estimated the number of infants with perinatal HBV infection,
and their lifetime HBV-related advanced diseases (CC, DCC, HCC) and
HBV-related deaths, as well as LYs, QALYs, and DALYs in the total
birth cohort under each strategy.

As shown in Table 3, under the current immunization strategy,
51,365 infants were perinatal HBV infection, with approximately 1308
of them developing HBV-related advanced disease (including 887 CC,
184 DCC, and 237 HCC) and 35,472 HBV-related deaths, and there
were 519.48 million LYs, 425.93 million QALYs and 12.44 million
DALYs in the total birth cohort. Under the couple-based immunization
strategy, 42,171 infants were infected with HBV during perinatal
period, with about 1074 of them developing HBV-related advanced
disease (including 728 CC, 151 DCC, and 195 HCC) and 29,123 HBV-
related deaths, and there were 519.53 million LYs, 425.98 million
QALYs and 12.37 million DALYs in the total birth cohort. Compared
with the current immunization strategy, the couple-based immuniza-
tion strategy reduced perinatal HBV infection by 18% (9194/51365),
correspondingly reduction of 234 HBV-related advanced disease (145
CC, 30 DCC, 39 HCC) and 6349 HBV-related deaths, meanwhile, saved
49,986 LYs, gained 48,879 QALYs and averted 63,362 DALYs in the total
birth cohort.

3.3. Cost-effectiveness

As shown in Table 4, compared with the current immunization
strategy, the couple-based immunization strategy was highly cost-
effective, with ICER of <819 per LY saved, <837 per QALY gained and
<646 per DALY averted, which were lower than China’s once GDP
per capita (<59,660 in 2017).

3.4. Sensitive analysis

To access the robustness of the results, we performed both one-
way sensitivity analysis and probabilistic sensitivity analysis.

In one-way sensitive analysis, we compared the couple-based
immunization strategy versus the current immunization strategy
(Fig. 1). The ICER remained below once GDP per capita for plausible
ranges of all parameters, representing highly cost-effectiveness of
the couple-based immunization strategy. Varying the proportion of
Table 4
Summary results for the two immunization strategies.

Immunization strategy Average per person

Costs (CNY<) LY QALY DALY

Current (Reference) 314.09 29.5515 24.2297 0.7075
Couple-based 316.42 29.5543 24.2325 0.7039

LY=life-year. QALY=quality-adjusted life-year. DALY=disability-adjusted life-year.
couples only the wives testing HBsAg-positive between 3.76% and
4.60%, the ICER was always lower than once GDP per capita. Increas-
ing the intervention cost of HBV serological screening for pre-
pregnant couples from <50 to <70, the couple-based immunization
strategy was still highly cost-effective, with an ICER increased from
<837 to <8030 per QALY gained, while the cost was gradually
reduced from <50 to <30, this strategy would have better cost-
effective. When the risk of HBV transmission after receiving HepB for
HBsAg-negative wives of HBsAg-positive husbands was 5%, the ICER
was <5895 per QALY gained, while the risk was gradually decreased,
the couple-based immunization strategy cost lower and accumulated
more QALYs than the current immunization strategy.

The probability sensitivity analysis showed that the baseline
result was reliable within 95% confidence interval of 1000 Monte
Carlo simulation results (Figure S3). As the majority of points lay
below and to the right of the WTP line of once GDP per capital, the
dominance of the couple-based immunization strategy over the cur-
rent immunization strategy was almost certain. This finding was also
supported by the result of the cost-effectiveness acceptability curve
in Fig. 2, indicating the probability of cost-effectiveness over a range
of WTP thresholds, which showed that, couple-based immunization
strategy had a 99.1% probability to be cost-effective at the WTP
threshold of once GDP per capital.

Additionally, as today’s children become tomorrow's adults, the
infants born to HBsAg-positive mothers will decrease markedly.
Extrapolating to 2030, the prevalence of HBsAg among pregnant
women will be under 2%. To access the cost-effectiveness of the cou-
ple-based immunization strategy in the future, another probability
sensitivity analysis was done (Figure S4), indicating that this strategy
is still cost-effective but not as high as it is currently.

4. Discussion

In order to achieve the goals of WHO to eliminate hepatitis B as a
major public health threat by 2030, exploring and implementing a
more efficient immunization strategy to prevent MTCT of HBV is
particular importance for either China or other low- and middle-
income countries [45,46]. Based on the universal HepB for infants,
Chinese government has added free HBsAg screening for all preg-
nant women, and the extra HBIG for all newborns born to HBsAg-
positive mothers since the end of 2010, which has interrupted 97%
ICER

CNY< per LY saved CNY< per QALY gained CNY< per DALY averted

� � �
819 837 646

ICER= incremental cost-effectiveness ratio.



Fig. 1. Tornado diagram presenting one-way sensitive analyses. The bars are colored by parameter range: red represents higher range, and green represents lower range.
ICER = incremental cost-effectiveness ratio. QALY = quality-adjusted life-year. HBsAg = hepatitis B surface antigen. CNY = Chinese yuan. HBIG = hepatitis B immunoglobulin.
HepB = hepatitis B vaccination.

Fig. 2. Cost effectiveness acceptability curve. This figure represents the probability of cost-effectiveness over a range of willingness-to-pay thresholds per quality-adjusted life-year
(QALY) gained.
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of perinatal HBV infection [5]. Although the perinatal HBV infection
has significantly reduced since the implementation of the current
immunization strategy, 50,000 children are born with HBV every
year in China [5,10]. Therefore, based on the current immunization
strategy, this study designed couple-based immunization strategy
to prevent MTCT of HBV, including additional HBV serological
screening for pre-pregnant couples as well as HepB for HBsAg-nega-
tive wives of HBsAg-positive husbands, to reduce HBV infection in
reproductive women, thereby reduce HBV infection in pregnancy
and reduce the risk of MTCT of HBV.
The decision-analytic Markov model is widely used in the economic
evaluation of hepatitis B worldwide, and it is also an important evidence
for WHO's assessment of the resources needed to eliminate hepatitis B
globally [21,47,48]. This study accessed the costs, effects and cost-effec-
tiveness of the current immunization strategy versus the couple-based
immunization strategy to prevent MTCT of HBV by a decision-analytic
Markov model, and provided a new strategy proposal for controlling
MTCT of HBV in China.

The results indicated that, in the birth cohort of China in 2017, the
total direct costs in the current immunization strategy and the
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couple-based immunization strategy were < 5521 million and <
5562 million, respectively. Under the current immunization strategy,
51,365 infants were perinatal HBV infection, with approximately
1308 of them developing HBV-related advanced disease and 35,472
HBV-related deaths, and there were 519.48 million LYs, 425.93 mil-
lion QALYs and 12.44 million DALYs in the total birth cohort. Under
the couple-based immunization strategy, 42,171 infants were
infected with HBV during perinatal period, with about 1074 of them
developing HBV-related advanced disease and 29,123 HBV-related
deaths, and there were 519.53 million LYs, 425.98 million QALYs and
12.37 million DALYs in the total birth cohort.

Existing health economic analyses suggested that based on the
universal HepB for infants, the HepB plus HBIG immunization for
infants born to HBsAg-positive mothers was cost-effective to prevent
MTCT of HBV. According to Donghoon Lee’ study in South Korea [49],
compared with the infant universal HepB strategy, the current immu-
nization strategy had lower cost and higher effect. Lin Fan’s research
in American [22] showed that the current immunization strategy was
cost-effective with ICER of $6957 per QALY gained compared with
the infant universal HepB strategy. Yali Cai’s study in China [41] indi-
cated that the current immunization strategy reduced the cost by
<502.09 while obtained 0.0059 QALY per capita, achieved better
effect with lower cost.

Our analyses suggested that compared with the current immuni-
zation strategy, the couple-based immunization strategy reduced
perinatal HBV infection by 18% (9194/51365) with cost increase of
only < 41 million, correspondingly reduction of 234 HBV-related
advanced disease and 6349 HBV-related deaths. This strategy saved
49,986 LYs (ICER: <819 per LY saved), gained 48,879 QALYs (ICER:
<837 per QALY gained) and averted 63,362 DALYs (<646 per DALY
averted) in the total birth cohort. According to China Health Statistics
Yearbook [24], China’s GDP per capita was <59,660 in 2017. The cou-
ple-based immunization strategy was highly cost-effective with ICER
less than once the GDP per capita by the economic modelling analysis
in the birth cohort of China in 2017.

Since 2010, Chinese government has launched the national precon-
ception health examination project, and expanded it nationally in
2013, including free HBV serological screening for reproductive cou-
ples to prevent birth defects. Currently, Chinese government has
implemented the infant universal HepB programme, the national pre-
conception health examination project and the iPMTCT programme,
which provided free HepB for infants, HBV serological screening for
pre-pregnant couples, HBsAg screening for pregnant women and HBIG
vaccination for infants born to HBsAg-positive mothers in all regions.
Due to the high coverage of the above programmemes, each region
already has corresponding health human resources and technical
resources to find more HBsAg-positive couples, HBsAg-negative
spouses of HBsAg-positive persons and HBsAg-positive pregnant
women. Additionally, since September 2019, the National Health Com-
mission incorporated the national preconception health examination
project into the national basic public health service project, which fur-
ther ensured the compliance of this project, thereby increased compli-
ance with the new immunization strategy implementation. In a word,
the excellent implementation of these national large-scale projects
provides feasibility to implement the couple-based immunization
strategy to prevent MTCT of HBV in China.

This study estimated that based on the current invests of the
infant universal HepB programme, preconception health examination
project and iPMTCT programme, according to the cost of HepB <60
per adult, Chinese government need to invest an additional
<59 million to achieve the effects of the couple-based immunization
strategy to prevent MTCT of HBV. The results of this study suggested
that the implementation of couple-based immunization strategy was
affordable under the level of China’ economic development.

From our knowledge, this study first used the birth cohort of
China in 2017 to do a decision-analytic Markov model of the
immunization strategies to prevent MTCT of HBV. And this study first
compared the number of infants with perinatal HBV infection, and
their lifetime advanced HBV-related diseases (CC, DCC, HCC) and
HBV-related deaths, as well as LYs, QALYs and DALYs in the total birth
cohort under the couple-based immunization strategy versus the cur-
rent immunization strategy. This study found that the couple-based
immunization strategy was priority to prevent MTCT of HBV, and
was feasible and affordable under the current conditions of China.
Our results could provide a new immunization strategy to control
MTCT of HBV, which will help to achieve the target of eliminating
hepatitis B by 2030 in China.

It’s worth noting that despite the implementation of the couple-
based immunization strategy, a gap still remains to eliminate hepatitis
B by 2030 in China. In addition to immunization strategies, antiviral
therapy in the third trimester is the global focus. Some studies
reported that antiviral therapy was effective in lowering the risk of
MTCT among infants born to mothers with high HBV-DNA level when
also given with birth dose vaccine and HBIG [12,13]. Additionally, a
few studies have accessed the cost-effectiveness of antiviral therapy
strategy [22,49]. However, a recent high-quality study of Jourdain [14]
failed to show positive results of antiviral therapy to prevent MTCT of
HBV, possibly warning against overtreatment. Maybe we should wait
for the new WHO guidelines for preventing MTCT of HBV, which
scheduled to be completed by mid-2020, [50] to discuss whether anti-
viral therapy could be promoted as a public health strategy. If antiviral
therapy strategy is feasible, it will become a competing strategy for the
couple-based immunization strategy in the coming years. As today’s
children become tomorrow's adults, the prevalence of HBsAg will
gradually decrease, which will decrease the cost-effectiveness of the
couple-based strategy. Therefore, the comparison between these two
strategies would be useful for further research.

This study has several limitations to consider. Firstly, the validity
of models depends largely on the veracity and reliability of the
parameters in the models, however, we used some parameters of
other countries, local areas or specific populations to estimate the
lifetime costs and effects of the national birth cohort in China, which
might have bias. For example, the parameters of the HBsAg preva-
lence among pre-pregnant couples is based on a single study that
was conducted in rural China. Secondly, we assumed that all HBV-
related mortality was due to CC, DCC and HCC, without considering
liver transplantation or post-transplantation complications, because
of the few applications relative to the large patient population in
China. Thirdly, there are unmeasured potential costs and benefits of
the couple-based immunization strategy. For ethical considerations,
HepB should be offered/recommended to the HBsAg-negative
husbands of HBsAg-positive wives in the couple-based immunization
strategy, costs of which were not included in the current cost-
effectiveness analysis. And we did not include the benefits of screen-
ing almost all young adults in China, contributing to achievement of
the WHO target for identifying people with CHB, and the benefits of
protecting the high-risk woman from HBV infection. Fourthly, the
closer to pregnancy that the HBV screening for couples occurs, the
less effective and cost-effective will be the strategy because risk
would accrue between the start of intimacy until screening/vaccina-
tion. However, there is currently no relevant research evidence for us
to conduct relevant sensitivity analysis. Finally, the WTP threshold
depending on GDP per capital is a theoretical one to indicate whether
an intervention is priority in the health-care agenda, which means
other factors should be considered before an intervention is adopted
on a national level.

In conclusion, our results suggest that under the intermediate
endemic of HBV infection in China, the couple-based immunization
strategy to prevent MTCT of HBV is highly cost-effective, feasible and
affordable. Couple-based immunization strategy can be a new immu-
nization strategy proposal for controlling MTCT of HBV and helping to
achieve the target of eliminating hepatitis B by 2030. In the future,
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with the changes in the prevalence of HBsAg among the population
and the emergence of other strategies to prevent MTCT of HBV, further
researches will be needed to clarify the more appropriate strategies.
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