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Retrospective cohort study of hepatitis B
immunization strategy effects in Beijing
across 30 years

Huai Wang1,2,3, Weixin Chen 1,2,3, Pei Gao 1,2,3, Qinyi Ma4, Qianli Yuan1,2,3,
Zhiqiang Cao1,2,3, Jiang Wu1,2,3, Qing-Bin Lu 4,5,6 & Luodan Suo1,2,3

Whether a booster dose of hepatitis B vaccine is necessary for adolescents
remains controversial. We conducted a retrospective cohort study from the
Immunization Information System and The National Notifiable Disease
Reporting System to evaluate the impact of hepatitis B virus (HBV) vaccination
programs (universal infant hepatitis B immunization and adolescent booster)
on HBV infection. The vaccine effectiveness (VE) of hepatitis B vaccine is
64.43% (95% CI 57.78% − 71.08%) within 10 years of birth, escalates to 95.36%
(95% CI 94.84% − 95.88%) by 20 years, and decreases to 67.35% (95% CI
63.86% − 70.85%) by 30 years. Compared with Beijing’s birth-vaccinated-only
group, the booster group showed a lower relative VE in the first 10 years but a
slight increase thereafter. Compared with the national control group, the
booster group maintained a relatively high relative VE with a smaller decline
magnitude. This study demonstrates that adolescent HBV booster vaccination
administered during junior high school improves hepatitis B surface antibody
levels and contributes to a further reduction in the incidence of HBV infection.

Hepatitis B virus (HBV) infection is associated with the risk of chroni-
city, cirrhosis, hepatocellular carcinoma (HCC) and subsequent mor-
tality. World Health Organization (WHO) reported that an estimated
254 million people were living with hepatitis B in 2022, with an HBV
incidence of 2.2million and 1.1million deaths attributed to liver failure,
cirrhosis, or HCC related to HBV infections1. Immunization with
hepatitis B vaccines is widely recognized as themost effective strategy
for preventing HBV infection and its progression2.

Hepatitis B vaccination is recommended by WHO for all children
globally. A core standard for national immunization programs globally
should be ensuring that all children receive at least three doses of the
HBV vaccine3. Prior research has indicated that although the protective
levels of hepatitis B surface antibody (HBsAb) induced by hepatitis B
vaccinationdecreasegraduallywith time, they canpersist for at least 15

years in most individuals4–6. Importantly, even when HBsAb becomes
undetectable, immune memory stored in immune cells still provides
effective defense against HBV7. However, some studies have reported
that this vaccine-induced immune memory may fade after reaching a
certain age, instead of persisting lifelong8–10. Since the protective effi-
cacy of vaccines rarely reaches 100%, a lower protective effect is
associatedwith a higher risk of vaccine breakthrough infections. Some
vaccine breakthrough infections were observed among immunized
children born to mothers with chronic HBV infection even when
hepatitis B immune globulin was administered in a timely manner as
they were growing up11,12. Studies have shown that the incidence
of HBV vaccine breakthrough infections can reach approximately
25% by 20 years after completion of primary full-course HBV
vaccination13–15.What’smore, differences inhow individuals respond to
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vaccines, especially those with less-than-ideal immune responses, can
also contribute to the occurrence of breakthrough infections in
some cases.

Currently, the necessity of administering an HBV vaccine booster
dose during adolescence (10–20 years of age) remains a topic of
controversy12,16–18. However, given the observation of HBV infection in
adolescents who received primary vaccination in infancy12, clinicians
have put forward the recommendation that an HBV vaccine booster
should be administered to this population during adolescence12,16.
Among individuals with non-seroprotective levels of HBsAb, 88%
exhibited a rapid increase inHBV-specific immunoglobulinG (IgG) titer
following a booster dose. This finding indicates the presence of
immunological memory and confirms that memory T-cells sustain
protective immunity against HBV5. However, previous studies were
either small-sample-size studies or focused solely on the short-term
efficacy of HBV vaccines17,18. There were no studies with a large popu-
lation and a long period supporting the necessity and the effectiveness
of adolescent boosters against HBV infection.

The burden of hepatitis B infection has declined significantly over
the past decades1. Data from four national seroepidemiological sur-
veys showed that the prevalence of HBsAg in the Chinese population
decreased from9.72 in 1992 to 7.18% in 2006, and further decreased to
5.86% in 202019. Beijing started HBV vaccination in 1987, advocated it
for routine hepatitis B vaccination of newborns in 1990, integrated it in
the Expanded Program on Immunization (EPI) in 2002, and provided
free boosters for the adolescents aged 13–14 years old in 2008. The
hepatitis B vaccine immunization strategy in Beijing has undergone
significant evolution over the past three decades (Fig. 1 and Supple-
mentary Information files). In Beijing, the Hepatitis B Surface Antigen
(HBsAg) prevalence has dramatically dropped from 6.03 in 1992 to
2.73% in 2014, when it was less than 1% in individuals under 25 years
old20. Simultaneously, the incidence rate of hepatitis B has also
decreased in Beijing. Beijing has implemented HBV vaccination stra-
tegies for over 30 years, and the administration of adolescent HBV
booster doses has also been in practice for more than 15 years (Fig. 1
and Supplementary Information files). However, the long-term effec-
tiveness of both primary hepatitis B vaccination and booster doses
remains unevaluated. Additionally, the correlation between the
reductions in HBsAg prevalence and hepatitis B incidence and the

implementation of HBV vaccination programs, requires further inves-
tigation to be confirmed. Therefore, we conducted an evaluation to
assess the effects of universal infant hepatitis B immunization and
adolescent booster on the prevention and control of HBV infection in
Beijing across the past 30 years.

Results
Universal infant hepatitis B immunization program
In this retrospective cohort study, the vaccinated cohort comprised
1,081,065 individuals born between 1993 and 2007, while the unvac-
cinated cohort included 415,994 individuals born between 1985 and
1987 (Fig. 2 and Supplementary Table 1). After linkage with the hepa-
titis B case database of the National Notifiable Disease Reporting Sys-
tem (NNDRS), the 10-year cumulative incidence of hepatitis B among
individuals in the vaccinated groupwas 10.18/100,000persons (95%CI
8.36/100,000−12.26/100,000). In contrast, the 10-year cumulative
incidence of hepatitis B in the unvaccinated group was 79.66/100,000
persons (95% CI 71.72/100,000−87.60/100,000). Based on these inci-
dence data, the VE of the hepatitis B vaccine within 10 years of birth
was calculated to be 64.43% (95% CI 57.78−71.08%). The VE of the
hepatitis B vaccine escalated to 95.36% (95% CI 94.84−95.88%) within
20 years after birth, declined moderately to 87.24% (95% CI
86.28−88.19%) within 25 years after birth, and further decreased to
67.35% (95% CI 63.86−70.85%) within 30 years after birth. Overall, the
VE of hepatitis B vaccine exhibited a clear protection against HBV
infection. Even with an observed decline of VE, the vaccine still
reduced infection risk by more than two-thirds (67.35%) compared to
no vaccination.

Booster hepatitis B vaccination
Within one year after administration of the hepatitis B vaccine booster
dose, the incidence rate of HBV infection was lower in Group B1 than
Group B2 (0.49/100,000 persons vs. 4.1/100,000 persons), with a
relative vaccine effectiveness (rVE) of 88.05% (95% CI 64.32−96.07%)
(Fig. 3A and Supplementary Table 2). While compared to Group C, the
rVE of hepatitis B vaccine in Group B1 was 93.16% (95% CI
82.47−97.34%).

Within five years after administration of the hepatitis B vaccine
booster dose, a lower incidence rate of HBV infection was observed in
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GroupB1 (5.52/100,000persons) compared to that inGroupB2 (17.64/
100,000 persons) or in Group C (85.89/100,000 persons) with the rVE
of hepatitis B vaccine being 68.71% (95% CI 52.02−79.59%) and 93.58%
(95% CI 91.25%−95.28%).

For the 10 years and 15 years after hepatitis B vaccine booster
administration, higher HBV infection incidence rates were observed
across all three groups. The rVE of Group B1 relative to Group B2 was
22.13% (95% CI 3.36−37.26%) at 10 years post-booster and 38.73% (95%
CI 25.48−49.73%) at 15 years post-booster. In contrast, the rVE ofGroup
B1 relative to Group C remained relatively high with 84.15% (95% CI
81.72−86.25%) at 10 years post-booster and 79.86% (95% CI
75.87−83.18%) at 15 years post-booster.

When compared to Group B2, the rVE of Group B1 declined
sharply and remained at a low level 10 years after booster adminis-
tration (Fig. 3B and Supplementary Table 3). In contrast, when com-
pared toGroupC, the rVE of GroupB1was consistentlymaintained at a
relatively high level,with amuch smallermagnitude of decline over the
same period.

Incidence rate of HBV during 2005–2022
Between 2005 and 2022, the reported incidence rate of acute hepatitis
B in Beijing was 6.12/100,000 persons in 2005, peaked at 6.34/
100,000 persons in 2007, and declined to 0.43/100,000 persons in
2022 (Fig. 4A and Supplementary Table 4).

Joinpoint regression model showed that the incidence rate of
acute hepatitis B in the agegroupsof 25−49 years old and≥50 years old
in Beijing increased prior to 2007, followed by a subsequent decrease.
Two turning points of decline were observed in 2007 and 2013 for the
group of 25−49 years (2007−2013: annual percent change [APC] =
−25.47%, 95% CI −31.02 to −19.47%; 2013−2022: APC = −12.33%, 95% CI
−17.33% to −7.04%). For the group of ≥50 years old, the turning points
were in 2007 and 2011 (2007−2011: APC = −24.39%, 95% CI −32.47% to
−15.34%; 2011−2022: APC = −8.56%, 95%CI −10.81% to −6.26%). While in
the groups of 0−14 years old and 15 − 24 years old, the incidence rate of
acute hepatitis B revealed a downward trend. The incidence rate of
acute hepatitis B in the group of 15 − 24 years old showed a sharp
decrease after the booster dose of hepatitis B vaccination
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Fig. 2 | Hepatitis B incidence rates among the vaccinated and unvaccinated
groups and effectiveness of hepatitis B vaccine at different periods in Beijing.
Group A, the unvaccinated group; Group B, the vaccinated group. The incidence
rate of hepatitis B for GroupA andGroup Bwere calculatedby 119/415,994 and 110/
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hepatitis B. The vaccine effectiveness (VE) and 95% CI are presented.
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Fig. 3 | Hepatitis B incidence rates with different immunization strategies and
relative vaccine effectiveness of hepatitis B vaccine booster dose at different
periods inBeijing. A hepatitis B incidence rate and relative vaccine effectiveness at
1 years, 5 years, 10 years, and 15 years after the booster dose. The numbers of
hepatitis B virus (HBV) positive infections and total populations in the three groups
of B1, B2 and C are presented in Supplementary Table 2. The upper limit of 95%

confidence interval (CI) is presented for the incidence rate of hepatitis B. The
vaccine effectiveness (VE) and 95% CI are presented. B vaccine effectiveness of
hepatitis B vaccine booster dose at different periods. Group B1, the booster group;
Group B2, the local control group; Group C, the national control group. The
detailed numbers of hepatitis B and total population are presented in Supple-
mentary Table 3. The relative VE and 95% CI are presented.
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(2005 − 2009: APC= −11.50%, 95% CI −17.46% to −5.11%; 2009−2015:
APC = −37.80%, 95% CI −44.08% to −30.81%). The incidence rate of
acute hepatitis B in the group of 0−14 years old showed a continuous
decrease after the implementation of universal infant hepatitis B
immunization (2005−2022: APC = −16.32%, 95% CI −23.63% to −8.32%).

HBsAb in three cross-sectional surveys
HBsAb seropositivity rates and antibody titers across different
age groups were presented based on the three ser-
oepidemiological surveys conducted in Beijing in 2006, 2014, and
2020 (Fig. 4B and C). In all three cross-sectional surveys, parti-
cipants aged 8−12 years, 13−17 years and a subset of participants
aged 19−23 years had received three doses of the universal infant
hepatitis B immunization. In the 2014 and 2020 surveys, partici-
pants aged 13−17 years had additionally received a booster dose

of the hepatitis B vaccine. In the 2020 survey alone, participants
aged 19−23 years had received a booster dose of the hepatitis B
vaccine. Statistical analyses revealed no significant differences in
HBsAb seropositivity rates (P = 0.870) and HBsAb titers
(P = 0.228) among the participants aged 8−12 years across the
three surveys. In contrast, participants aged 13−17 years in the
2020 survey exhibited the highest HBsAb seropositivity rates
(P = 0.022) and HBsAb antibody titers (P < 0.001). A consistent
pattern was observed in the participants aged 19−23 years in the
2020 survey (P = 0.002 and P < 0.001).

Adverse events of Hepatitis B vaccine
The Adverse Events Following Immunization (AEFI) classification
includes rare adverse reactions (such as allergic rash, urticaria and
maculopapular rash), common adverse reactions (such as fever,
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rates of hepatitis B infection in different age groups. B HBsAb seropositive rates in
different stages in three surveys conducted in 2006, 2014 and 2020.CHBsAb titers
in different stages in three surveys conducted in 2006, 2014 and 2020. The num-
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for the 13–17 years, and 278, 607and 53 for the 19–23 years. TheHBsAbpositive rate
and the upper limit of 95% confidence interval were presented. The HBsAb geo-
metric mean titer and the upper limit of 95% confidence interval were presented.
Two-sided chi-square test is used to compare theHBsAbpositive rates among three
groups. Kruskal-Wallis H test is used to compare theHBsAbgeometricmeans of the
three groups. A P-value less than 0.02 was considered statistically significant after
adjustments for three comparisons. HBsAb, hepatitis B surface antibody.
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erythema and induration in injection site), psychogenic reactions and
coincidental events. Based on data from the AEFI surveillance system,
the incidence of reported vaccine-related adverse events within
28 days after administration of a hepatitis B booster dose was sig-
nificantly lower than that after each of the primary three doses (3.29/
100,000 doses vs. 12.93/100,000 doses, P <0.001) (Supplementary
Table 5). We also analyzed the rare adverse reaction rate of hepatitis B
vaccination, and the same phenomenon was also observed in the
incidence of reported rare vaccine-related adverse events within
28 days of hepatitis B vaccine (0.94/100,000 doses vs. 4.22/100,000
doses, P <0.001).

Discussion
This study described the dynamic changes in the prevalence and
incidence of HBV infections following the introduction of hepatitis B
vaccine in Beijing, and evaluated the protective effectiveness of
hepatitis B vaccination and booster immunization at multiple time
points post-administration. Results demonstrated that hepatitis B
vaccine retained a protective efficacy for many years after primary
immunization, while booster immunization further enhanced this
protection, providing both superior andmore durable efficacy against
HBV infection.

The hepatitis B vaccination provides substantial long-term bene-
fits globally. One study conducted in Italy confirmed that the first 30
years of implementing universal hepatitis B vaccination remained a
cost-saving public health strategy, which was associated with sig-
nificant reductions in HBV-related diseases (an 82% decrease in the
number of HBV infections, chronic HBV cases, and hepatocellular
carcinoma cases) and related healthcare costs (a 67% reduction during
the immunization period)21. A 37-year extended follow-up study
demonstrated that hepatitis B vaccine offers 72% (95% CI 30−89%)
protection against liver cancer in China22. Another study showed that
among individuals born after 1991, hepatitis B vaccine achieved an
overall VE of 58%, with the VE reaching 85% for those followed for ≥20
years, whereas no protective effect was observed in individuals born
before 199023. Notably, in the era of universal infant HBV vaccination,
hepatitis B vaccine was associated with reduced risks of all-cause
mortality and cancer-related mortality, and it remained highly effec-
tive against HBV infection, providing up to 20 years of protection.
Consistent with these global and national findings, the Beijing Muni-
cipal Health Commission has implemented a series of strategies to
eliminate HBV transmission. In our study, individuals born after the
implementation of the universal hepatitis B vaccination program and
booster immunization had a lower hepatitis B incidence rate than
those born before the program’s implementation. Specifically, the VE
was 95.36% within 20 years of birth, and remained at 67.35% even 30
years after birth. When compared to the birth-vaccinated-only group,
the rVE of the booster HBV vaccine exhibited a notable decline fol-
lowed by amarginal increase between 10 and 15 years after the booster
administration. This may be related to the fact that in the non-booster
group, over 15 years after their last vaccination, antibody titers have
stabilized or slightly decreased, with relatively constant vaccine pro-
tective effect. For the booster group, the booster vaccination induces a
significant rise in antibody titers, greatly improving protective effect;
however, its vaccine protective effect declines more sharply than that
in the non-booster group after 10 years, leading to a lower rVE. The
previous study has shown that the HBV carrier rate in the population
aged over 20 years has started to rise sharply due to various factors
such as lifestyle behaviors19. The booster group exhibits a better pro-
tective effect compared to the non-booster group, contributing to the
increase of rVE after 10 years of the booster vaccination. In Iran, the
estimated long-termvaccine effectiveness against hepatitis B infection
was 29% after 25 years24, much lower than the 87.24% observed in
Beijing. This discrepancymaybe associatedwith difference in hepatitis
B vaccination policies and vaccine types. Overall, the long-term

protection effectiveness of hepatitis B vaccine is critical for further
controlling HBV prevalence and achieving the 2030 global hepatitis
elimination goals. It should be noted that the decline in hepatitis B
incidence cannot be attributed solely to vaccination. It may also be
associated with improved population health literacy fueled by eco-
nomic development, which supports the implementation of
transmission-limitingmeasures, suchasbettermanagementof chronic
infections and avoidance of unsafe healthcare practices. These mea-
sures, in turn, are made possible by both increased financial resources
and enhanced capacity to access, interpret, and act on health-related
information.

Whether an adolescent or young adult hepatitis B vaccine booster
dose is necessary remains controversial. Booster vaccination is gen-
erally deemed unnecessary, even when HBsAb levels decline to less
than 10mIU/mL5,23,25. The booster dose is not recommended by inter-
national guidelines including that of the WHO3. In contrast, other
studies have supported adolescent booster for certain groups such as
individuals born to HBsAg-positive mothers18,26. Further health eco-
nomic evaluation has also indicated that this booster strategy yields
additional Quality-Adjusted Life Years and is cost-effective27. In our
study, the adolescent booster group exhibited a lower incidence rate
of HBV infection and significantly higher rVE compared to non-booster
group. These findings provide evidence that administering an HBV
vaccine booster to 13−14 years old enhances protection against HBV
infection relative to the 3-dose primary vaccination series alone. This
aligns with results from a 2024 meta-analysis, which demonstrated
that HBV vaccine booster doses effectively reduce HBV infection
compared to non-booster populations28. Our study also reviewed
Beijing’s HBV immunization strategies, population-level incidence
levels, and HBsAb seroprevalence over 30 years since the initiation of
universal infant hepatitis B immunization. It reported that adolescent
booster was associated with higher HBsAb titers and lower incidence
than the 3-dose universal infant hepatitis B vaccine series alone.
Meanwhile, adolescent booster did not increase the incidence of
reported AEFI following immunization. Consequently, the provision of
optional booster doses, when implemented under suitable circum-
stances, holds the potential to enhance the effectiveness of hepatitis B
prevention and control strategies. Collectively, these results indicate
that providing optional HBV vaccine booster doses, when adminis-
tered under appropriate conditions, has the potential to enhance the
effectiveness of HBV prevention and control initiatives. However,
more in-depth assessments of its health economic value are still nee-
ded to fully evaluate the long-term feasibility and overall public health
impact of this strategy.

Hepatitis B infection, as a major infectious disease, is one of the
key targets for infectious diseases prevention and control in China.
Over the past 30 years, China has implemented a comprehensive
prevention and control strategy centered on HBV vaccination, sup-
plemented by integrated prevention and treatment measures. This
strategy has yielded remarkable outcomes in HBV control: the pre-
valence of HBsAg in the Chinese population has declined consistently,
from 9.72 in 1992 to 5.86% in 202019. In particular, themost substantial
reduction has been observed in children under five years old, with
HBsAg prevalence dropping to 0.1% in 2022, ranking China among the
countries with the lowest childhood HBsAg prevalence globally29.
Beijing is the only city in China that has implemented an adolescent
HBV vaccine booster program continuously. Beijing’s adolescent
booster plays significant positive role for HBV control and was asso-
ciated with higher HBsAb titers and lower incidences.

This study had several limitations that should be acknowledged.
First, when calculating HBV infection incidence, the analysis did not
account for population migration (both inflow and outflow). Second,
the observation end point for hepatitis B cases was set in 2022. Given
the study’s focus on long-term VE, continued surveillance of HBV
infection and vaccine breakthrough infections is urgently needed to
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further characterize the duration of HBV vaccine protection and
update VE estimates over extended follow-up periods. Third, vaccine
types were not stratified in the analysis. During the universal infant
vaccination era in Beijing (1995–2007), a 10-5-5 microgram hepatitis B
vaccine dosage schedule was used, whereas other regions in China
adopted a 5-5-5microgram schedule. This dosage differencemay have
led to overestimation of the immunization’s VE in Beijing when com-
pared to the national control group, as the higher initial dosage in
Beijing could independently contribute to stronger baseline protec-
tion, which might also explain the large discrepancy between rVE of
the booster group compared to the local control group and the
national control group over time. Fourth, vaccination data from IIS
systemwasonly complete after 2001. Before 2001, vaccination records
relied solely on paper-based registration (electronic systems were
unavailable). Although these paper records were later retroactively
entered into the electronic IIS, the manual data transfer process may
have introduced omissions. Consequently, some children’s vaccina-
tion histories before 2001 may be incomplete or missing from the
database, potentially biasing analyses of vaccine exposure. Fifth, the
2020 seroepidemiological survey data used in this study was part of a
national survey. While national surveys typically aim for broad repre-
sentativeness, the sampling framework may not fully align with the
specific demographic and epidemiological characteristics of Beijing’s
population, potentially introducing sampling bias that may affect the
validity of serological indicators. Sixth, the incomplete data of general
hepatitis B cases in NNDRS, which may be caused by the national
system’s criteria for reporting hepatitis B cases and the different cri-
teria of numerous involved institutions, can lead to bias in the results.
The hepatitis B vaccine has an obvious and undoubted preventive and
control effect, especially among adolescents. So, it can be speculated
that the proportion of hepatitis B virus-infected individuals or unre-
ported hepatitis B patients in the vaccinated group is far lower than
that in the unvaccinated group. In addition, as there is good mon-
itoring system, early high hepatitis B vaccine coverage, high economic
level, quality education contributing to low under reporting rates
among children and adolescents in Beijing City, it may be lower than
that in national data outside Beijing. These situations may lead to a
certain underestimationof the effect of the hepatitis B vaccine booster
dose for adolescents. The universal infant hepatitis B immunization
initiative implemented in Beijing has achieved success over a 30-year
follow-up period, with a reduction in HBV infection incidence. Fur-
thermore, the adolescent HBV vaccine booster program administered
during junior high school in the real-world setting of Beijing, may have
played a role in elevating antibody titer among adolescents, con-
comitantly contributing to a further decline in the incidence rate.
These outcomes highlight the necessity of sustaining and further
expanding this component of Beijing’s immunization strategy to
enhance public health protection against hepatitis B. The imple-
mentation of viable long-term hepatitis B vaccination strategies holds
significance in not only forestallingHBV-related complications but also
attaining the WHO cascade-of-care targets.

Methods
Study design
The study adopted a retrospective cohort design, utilizing data
extracted from Immunization Information System (IIS) and NNDRS to
evaluate the impact of HBV vaccination programs including universal
infant hepatitis B immunization and adolescent booster on HBV
infection in Beijing, China. Furthermore, three serological cross-
sectional studies were conducted to assess HBsAb positivity rate and
antibody titers among residents who had resided in Beijing for at least
six months, thereby providing additional evidence for the long-term
effectiveness of these vaccination strategies. The study protocol was
approved by the Ethics Review Committee of Beijing Center for Dis-
ease Prevention and Control (BJCDC2024015). Informed consent was

waived for this study. For the three serological cross-sectional studies,
informed consent was obtained from the legal guardians or primary
caregivers of participating children, as well as from all adult partici-
pants, prior to conducting the interviews and collecting blood sam-
ples. The 2006 and 2014 surveys were approved by the Beijing Center
for Disease Control and Prevention20,30, and the 2020 survey received
ethical approval from the Ethical Review Committee of the Chinese
Center for Disease Control and Prevention19.

Participants
Theunvaccinatedgroup (GroupA) comprised individuals born inBeijing
between 1985 and 1987, and those having retrievable records in the IIS
were excluded from this group. The vaccinated group (Group B) was
further divided into two subgroups: the vaccinated at birth and ado-
lescent booster group (Group B1) and the birth-vaccinated-only group
(Group B2). For the retrospective cohort study, the inclusion criteria for
Group B were defined as follows: (1) individuals born in Beijing between
1993 and 2007, with the first dose of hepatitis B vaccine administered in
an obstetrical department of a medical institution in Beijing; (2) indivi-
duals who received the third dose of hepatitis B vaccine before reaching
one year of age. Individuals without valid identification numbers were
excluded from Group B. Group B1 included individuals born in Beijing
between 1996 and 2007 who received both the 3-dose primary hepatitis
B vaccine series during infancy and a 1-dose booster vaccination in the
seventh grade (typically corresponding to early adolescence, approxi-
mately 12–13 years of age). Group B2 comprised individuals in Beijing
born between 1993 and 1995 who received only a 3-dose primary
hepatitis B vaccine series during infancy. Additionally, the national
control group (Group C) was defined as individuals born between 1996
and 2007 in regions of China other than Beijing, who received only the
3-dose primary HBV vaccination series during infancy.

For the three cross-sectional studies included in this analysis,
participants were restricted to Beijing residentswho had resided in the
city for more than half a year. The target age ranges for these surveys
were 1–59 years in 200630, 1–59 years in 201420, and 1–69 years in
202019. Hepatitis B seroepidemiological surveys in 2006and2014were
not part of the sampling for the national survey. Instead, these two
surveys constituted independent hepatitis B seroepidemiological
surveys among the population of Beijing, conducted independently by
the Beijing Center for Disease Control and Prevention (Beijing CDC).
The 2020 survey was part of the national serological survey. The
sampling strategies utilized in the 2006, 2014, and 2020 surveys were
detailed comprehensively in prior publications19,20,30.

Data source and collection
Hepatitis B vaccination information and vaccine coverage rates were
retrieved from the IIS of Beijing, with detailed data specifications
provided in the Supplementary Information files. Hepatitis B case data
were obtained from NNDRS. NNDRS is a hospital-based, passive
national surveillance system that covers all county-level hospitals
across 31 provinces in China, with additional system details available in
the Supplementary Information files. The diagnosis of hepatitis B was
confirmed in accordance with the national diagnostic criteria for viral
hepatitis B (Standard No.: WS 299–2008). Epidemiological character-
istics of hepatitis B cases, including name, gender, identification
number, date of birth and date of onset, were acquired from NNDRS.

Procedure
Data on hepatitis B vaccination and HBV infection in the vaccinated
and unvaccinated groups were extracted from the IIS and NNDRS.
From the IIS, the following information was retrieved for each indivi-
dual: unique identifiers (either identification number or name com-
bined with date of birth), gender, number of HBV vaccine doses
administered, maternal HBsAg status, and vaccine administration
dates. Individuals born between 1993 and 2007 who could not be
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matched to records in the IIS were excluded. For those who could be
matched by either identification number or name plus date of birth)
across both the IIS and NNDRS, they were confirmed as HBV cases in
the vaccinated group, and the date of symptom onset for these cases
was recorded. The total number of individuals born in Beijing between
1985 and 1987was obtained from the BeijingMunicipal Commission of
Health. Individuals in this birth cohortwere alsomatched to records in
NNDRS to identify HBV cases in the unvaccinated group, with the date
of symptom onset for these cases similarly recorded. A multistage
cluster sampling was used for the three serological cross-sectional
studies to explore the HBsAb titers and positivity in residents in
200630, 201420 and 202019 in Beijing. Specifically, the sampling process
proceeded in three stages. Firstly, for district-level sampling,fiveurban
districts (Dongcheng, Xicheng, Xuanwu, Chaoyang, and Haidian) and
five suburban districts (Changping, Tongzhou, Fangshan, Miyun, and
Huairou) were selected as survey districts in 2006 and 2014. In 2020,
the district-level sampling was adjusted to one urban district (Dong-
cheng) and one suburban district (Tongzhou). Secondly, for commu-
nities/villages-level sampling, two sampling communities/villageswere
randomly selected in each selected survey district. Thirdly, for
individual-level sampling, individuals aged ≥1 year within each sam-
pling community/villages were selected using a randomnumber table.

Basic demographic information of participants was collected via a
questionnaire designed specifically for this study. Venous blood sam-
ples were obtained from each participant to measure HBsAb levels
(including titer quantification and positivity determination).

Outcomes
The primary outcome of this study was the annual incidence rate of
HBV infection, with all HBV infection cases confirmed via the NNDRS.
Annual incidence rate of HBV infection between 2005 and 2022 was
reported. Additionally, VE was estimated based on comparisons of
HBV infection incidence rates across three groups: the vaccinated
group versus the unvaccinated group, and the vaccinated at birth and
adolescent booster subgroup (GroupB1) versus the vaccinated at birth
only subgroup (Group B2).The incidence rate of HBV infection in any
given group over a specific period was calculated using the formula:
the incidence rate = number of new HBV infection cases during the
study period/total persons at risk. For the primary outcome (assess-
ment of HBV infection status), HBsAg detection was performed using
an enzyme-linked immunosorbent assay (ELISA) platform, in com-
pliance with the National Diagnostic Criteria for Viral Hepatitis B
(Standard No. WS 299-2008).

The second outcome was the quantification of HBsAb titers and
the determination of positivity which are newly collected and analyzed
for this study. HBV serological markers were tested using Architect
i2000 (Chemiluminescence Microparticle Immunoassay, Abbott, Chi-
cago, USA). Positive cut-off value for HBsAb was defined as ≥10mIU/L.

The third outcome was the incidence of reported vaccine-related
adverse events within 28 days following each dose of HBV vaccination.

Statistical analysis
Descriptive epidemiological methods and Joinpoint regression model
were used to analyze the epidemiological characteristics (including
temporal trends) of hepatitis B in Beijing City from 2005 to 2022,
basedondata from theNNDRS. Joinpoint software 5.0.2was employed
to calculate the APC in the reported incidence of acute clinical hepa-
titis B in Beijing during this period. Categorical variables were com-
pared using the chi-square test (χ 2 test) or Fisher’s exact test. Relative
risk (RR) and 95% CI were used to assess the association between dif-
ferent vaccine doses and HBsAb seropositive rates in different groups
or birth cohorts by Logistic regression model. VE was estimated by
comparing the risk of HBV infection between vaccinated and unvac-
cinated populations31, using the formula: VE (%) = [1 - (Risk of HBV
infection in the vaccinated group/Risk of HBV infection in the

unvaccinated group)] × 100. Statistical significance was defined as a
two-tailed P < 0.05. All statistical analyses were conducted using Stata
17 software (Stata CorpLP, College Station, TX, USA).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data that support the findings of this study are available from the
corresponding author (Luodan Suo: suoluodan2004@163.com and
Qing-Bin Lu: qingbinlu@bjmu.edu.cn) upon request and upon
approval from the local ethics committee. The data are not publicly
available due to ethical restrictions related to participant con-
fidentiality and consent. Additional summary data and the study
information are provided in the Supplementary Information. Source
data are provided with this paper.
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