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Abstract 

Background The high prevalence of hepatitis B weighs heavily on public health in China. In 2009, a catch-up vacci-
nation program for children aged 8–15y was implemented to curb hepatitis B, while the effectiveness of this inter-
vention has not been investigated. We aimed to evaluate the effectiveness of catch-up vaccination on the incidence 
of hepatitis B in Guangzhou, China.

Methods We obtained individual data of all hepatitis B cases from 2005 to 2019 in Guangzhou from Guangzhou 
Center for Diseases Control and Prevention. Based on daily reported number of cases, we constructed generalized lin-
ear models to estimate the effectiveness of the intervention on the incidence of hepatitis B in each age group from 11 
to 25 years. We further estimated the age-standardized effectiveness. Finally, we examined the effectiveness in differ-
ent subgroups by sex and clinical types of hepatitis B.

Results A total of 58,204 hepatitis B cases among individuals aged 11–25y were reported in Guangzhou from 2005 
to 2019, with an average annual age-standardized incidence of 117.30 cases per 100,000 individuals. The catch-
up vaccination contributed to an age-standardized 20.02% (95% confidence interval: 15.97%, 23.87%) decrease 
in the hepatitis B incidence among individuals aged 11–25y and prevented an annual age-standardized average 
of 17.40 (95% empirical confidence interval [eCI]: 9.24, 23.78) cases per 100,000 individuals from hepatitis B dur-
ing the study period. The intervention could better protect males (excess incidence rate [EIR]: -21.82 [95% eCI: -30.51, 
-10.15] cases per 100,000 individuals), and prevent chronic cases (EIR: -24.27 [95% eCI: -30.62, -16.09] cases per 100,000 
individuals).

Conclusions The massive catch-up vaccination against hepatitis B among children plays an important role in alleviat-
ing the burden of hepatitis B.
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Background
Hepatitis B is a common liver disease caused by the Hep-
atitis B virus (HBV) and can be spread mainly through 
sexual, vertical, and blood transmission [1–4]. Acute 
HBV infection in healthy persons is commonly self-
limiting [1, 5]. However, HBV can give rise to lifelong 
infections and hepatocellular injuries, especially in the 
neonatal period and childhood [2, 5]. Untreated individu-
als with chronic HBV infection are prone to hepatitis B, 
liver fibrosis, cirrhosis, and hepatocellular carcinoma [2, 
3]. In newborns and children, hepatitis B virus (HBV) 
infection is usually asymptomatic [6]. In adults, chronic 
hepatitis B is usually asymptomatic or presents with 
symptoms such as fatigue, or right upper abdominal pain 
[6]. These characteristics render early diagnosis and treat-
ment of hepatitis B a considerable challenge. Globally, 
even though the incident cases of HBV-related liver dis-
eases have dipped from 84.45 million cases (i.e., 1552.21 
cases per 100,000 individuals) in 1990 to 80.65 million 
cases (i.e., 1009.96 cases per 100,000 individuals) in 2019, 
it was estimated that about 296 million people were still 
living with chronic hepatitis B infection in 2019, with 1.5 
million new infections each year [7]. Moreover, hepatitis 
B brought about an estimated 0.82 million deaths world-
wide, mostly from cirrhosis and liver cancer, which have 
taken a heavy toll on public health [8]. Considering the 
heavy burden, the World Health Organization (WHO) 
developed a global target to eliminate hepatitis B as a 
public threat that, by 2030, the incidence and mortality 
of hepatitis B will have been reduced by 90% and 65%, 
respectively [9].

Timely vaccination in newborns and children is the 
most important strategy against hepatitis B. A phase III 
clinical trial found that hepatitis B vaccines provide effec-
tive immunogenicity (i.e., hepatitis B surface antigen, 
HBsAg) [10]. A meta-analysis of clinical trials indicated 
the high seroprotection of hepatitis B vaccines in infants 
and individuals aged 10–20 years [11]. A 15-year cohort 
study confirmed the long-term protection (i.e., lower 
HBsAg and lower hepatitis B core antibody) of hepati-
tis B vaccines [12]. The effect of hepatitis B vaccination 
was also evaluated through serological investigations and 
ecological studies. A series of studies in China utilized 
multiple serosurveys to determine the decrease of the 
HBsAg prevalence due to hepatitis B vaccines [13–17]. 
Another review also reported a beneficial change in the 
prevalence of hepatitis B due to hepatitis B vaccines [18]. 
Most of the serological studies were carried out before 
2016 with long intervals between two surveys due to the 
huge workload and cost of the investigation. Socioeco-
nomic and other factors during intervals can affect the 
prevalence of hepatitis B. A modelling study used math-
ematical simulation to estimate the vaccination impact 

[19]. Mathematical simulation was generally performed 
based on some parameters from previous literature 
instead of real data, which may lead to imprecise esti-
mate. An ecological study used quasi-Poisson regression 
models to capture the effect of hepatitis B vaccination on 
the incidence of hepatitis B among neonataes and whole 
people in China based on yearly data [20]. However, the 
aforementioned modeling studies failed to explore the 
effectiveness of hepatitis B vaccines on the incidence of 
hepatitis B in different subgroups (e.g., by sex and clinical 
types of hepatitis B).

China bore the brunt of hepatitis B all over the world 
[21, 22]. In 1992, HBV was highly endemic in China with 
approximately 10.1% of people under the age of 30 carry-
ing the prevalence of HBsAg, 20 million people suffering 
from chronic hepatitis B, and almost 0.30 million deaths 
[14]. The Chinese government has adopted a series of 
preventive measures to stem the tide of hepatitis B infec-
tion (Fig. S1). The National Ministry of Health integrated 
hepatitis B vaccines into the National Immunization 
Program (NIP) in 2002 [21, 23, 24]. From 2009 to 2011, 
a national-wide, catch-up vaccination project was strictly 
carried out for all children under the age of 15 who were 
not systematically vaccinated at birth [23]. Previous lit-
erature has demonstrated the beneficial impact of the 
NIP in 2002 on the prevalence of hepatitis B [19, 20]. It 
remained unknown about the effectiveness of the mass 
hepatitis B catch-up vaccination in 2009 on the incidence 
of hepatitis B.

Guangzhou is one of the most developed cities in 
China with about 18.74 million inhabitants in 2020 [25]. 
The HBsAg prevalence in the resident population in 
Guangzhou (12.5% in 2008) was higher than the aver-
age level in the Chinese mainland (7.2% in 2006) [14, 26], 
indicating more infected persons and possibly heavier 
disease burden in Guangzhou. It merits a deeper inves-
tigation of the catch-up vaccination effect in 2009 on the 
burden of hepatitis B in Guangzhou. Herein, based on 
individual data of hepatitis B cases, we aimed to evaluate 
the effectiveness of the catch-up vaccination on the hepa-
titis B incidence, which could provide valuable insights 
for accelerating the elimination of hepatitis B, such as the 
expansion of the catch-up population in the future and a 
favorable paradigm of mass hepatitis B catch-up vaccina-
tion for other countries and regions with the heavy bur-
den of hepatitis B.

Methods
Data collection
We collected individual data on hepatitis B cases occur-
ring in Guangzhou from 2005 to 2019 from the National 
Infectious Disease Monitoring Information System, as 
compiled by the Guangzhou Center for Disease Control 
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and Prevention (CDC). The information on each case 
included date of birth, date of onset, sex, occupation, res-
idence address, and classification of hepatitis B (i.e., acute 
hepatitis B, chronic hepatitis B, and unclassified hepati-
tis B cases). A diagnosis of hepatitis B can be made when 
an individual presents with significant gastrointestinal 
symptoms (e.g., hepatomegaly), elevated alanine ami-
notransferase, and HBsAg positive [27]. The correspond-
ing diagnosis criteria are shown in detail in Table S1. All 
newly confirmed hepatitis B cases must be reported to 
the Chinese Information System for Disease Control and 
Prevention within 24 h. Subsequently, local CDC staff 
will verify the information of diagnosed cases to ensure 
data quality, such as excluding hepatitis B cases that have 
already been reported.

The ambient meteorological information on daily tem-
perature, relative humidity, wind speed, and total pre-
cipitation in Guangzhou was derived from the China 
Meteorological Data Sharing Service System. We col-
lected the overall and age group-specific resident popula-
tion size by the end of every year from 2000 to 2020 from 
the Guangzhou Statistics Bureau. The daily resident pop-
ulation was derived from linear interpolation.

Data analysis
We included confirmed cases reported to the Chi-
nese infectious diseases reporting system from 1 Janu-
ary 2005 to 31 December 2019 and currently residing 
in Guangzhou in the study. For children under the 
age of 15, a series of rigorous, nationwide, hepatitis B 
catch-up vaccination procedure was implemented in 
2009 (Fig. S1). After that, all children were timely vac-
cinated. It was estimated that the childhood hepatitis B 
vaccine coverage (three-dose coverage) and the birth-
dose coverage reached 99.08% and 96.92% in Guang-
zhou in 2012, respectively [28]. We removed data from 
2009 to 2011 because those were the years of catch-up 
implementation.

First, we modeled the whole population. The whole 
population incorporates the catch-up population after 
2009. Therefore, the intervention term was set to 1 after 

2009. We removed data during the catch-up implementa-
tion period from 2009 to 2011. The formula of the whole-
population model was specified as follows:

(1)
log[E(Yt )] = offset(log(Populationt ))+ α + β1Interventiont + β2t+

γDowt + δHolidayt + ζTemperaturet

where Yt is the reported number of hepatitis B cases 
among the whole population in the day t ( t = 1, 2, 
…, 1460, 2556, 2557,…, 5478); the logarithm of the 
whole population size for the day t is used as an offset; 
Interventiont is a dummy variable with 0 and 1 indicat-
ing the pre-intervention (from 1 January 2005 to 31 
December 2008) and post-intervention period (from 1 
January 2012 to 31 December 2019), respectively; Dowt 
is a categorical variable of the day of the week; Holidayt 
is a categorical variable of the public holiday (i.e., 2: the 
spring festival; 1: other statutory holidays; 0: other days); 
Temperaturet is the 7-day moving average of tempera-
ture. We found that catch-up vaccination is not signifi-
cantly associated with the decrease in the incidence of 
hepatitis B among the whole population (Table S2).

Second, we modeled separately each age group for chil-
dren aged 11–25y in consideration of the fact that differ-
ent age groups were affected by the catch-up vaccination 
at different times (Fig. S2). In 2009, the catch-up vaccina-
tion was initiated targeting children born between 1994 
and 2001, who, at that time, were between 8 and 15 years 
of age. Subsequently, there was a shift in the affected 
population to children aged between 9 and 16 years of 
age. By analogy, in 2019, the population affected by the 
intervention was adults aged 18–25y. The whole popula-
tion was divided into two categories based on their inter-
vention status: the catch-up population, which consisted 
of individuals aged between 8 and 25 years of age, and 
others. We did not include the children aged 8–10y in the 
model due to the removal of data from 2009 to 2011 from 
the modelling. Consequently, the study population was 
individuals aged 11–25y.

We calculated the cumulative cases, crude incidence 
and corresponding 95% confidence intervals (CI), and 
age-standardized incidence to represent the burden of 
hepatitis B. For lack of data regarding the prevalence and 
seroprevalence of hepatitis B, the number of the resident 
population was used as the denominator for the calcula-
tion of the incidence. We used the Poisson Exact equa-
tion to estimate 95% CI of the incidence rate [29]. The 
formula of the age-standardized incidence is as follows:

where a is the ath age group, depending on the selected 
population (i.e., the whole, catch-up, or study popula-
tion); Populationa and Incidencea are the population size 
and the incidence in the ath age group, respectively; wa is 
the weight of the ath age group.

We used a wavelet analysis to detect the seasonality of 
hepatitis B incidence among the study population. We 

(2)
Incidenceage−standardized = waIncidencea =

Populationa × Incidencea

Populationa
,
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constructed quasi-Poisson regression models to evalu-
ate the effectiveness of the hepatitis B vaccination on the 
incidence of hepatitis B among the study population after 
adjusting for covariates (Fig. S2). The formula was speci-
fied as follows:

where Yt,a is the reported number of hepatitis B cases in 
the age group a ( a = 11, 12, 13,…, 25 years old) on the day 
t ( t = 1, 2, …, 1460, 2556, 2557,…, 5478); the logarithm 
of the population size in the ath age group on the day t 
was used as an offset; Interventiont,a is a dummy variable 
with 0 and 1, which was assigned as demonstrated in Fig. 
S2. Dark and light colors were assigned a value of 1 and 0 
for the corresponding year, respectively. For instance, in 
the model for 11-year-old children, the intervention term 
was set to 0 in 2012 and 1 in other years.

The incidence rate ratio (IRR) can be calculated by eβ̂1 . 
Excess risk (ER) of the hepatitis B incidence due to the 
catch-up vaccination (i.e., [IRR− 1] × 100 %) and the cor-
responding 95% CI were further estimated. In the pre-
sent study, ER% is interpreted as the relative percentage 
change in incidence rate during the intervention time 
period in comparison with that in the absence of the 
intervention. An ER% of less than 0 indicates that the 
intervention contributed to a reduction in the incidence 
of hepatitis B. In addition, the excess incidence rate (EIR) 
due to the catch-up vaccination was estimated by the dif-
ference in the predicted rate under the scenario with and 
without the intervention. The formula for each age group 
was specified as:

where Ŷt |(Interventiont = 1) is the predicted num-
ber of cases in the post-intervention day t under the 
factual scenario that the catch-up vaccination was 
completely implemented in children under the age 
of 15; Ŷt |(Interventiont = 0) is the predicted num-
ber of cases under the counterfactual scenario 
that the catch-up vaccination was not performed; 
Ŷt |(Interventiont = 1)− Ŷt |(Interventiont = 0) is the 
number of excess cases (EC) in the day t; Pop indicates 
the average population size in the post-intervention 
stage; Year represents the number of post-intervention 
years; t0 and t1 are the initial points after the completion 
of the catch-up vaccination and the terminal point of the 
study period, respectively. The production of analytical 

(3)log[E(Yt,a)] = offset(log(Populationt,a))+ αa + β1,aInterventiont,a + β2,at
γaDowt + δaHolidayt + ζaTemperaturet

(4)ÊIR =

∑t=t1
t=t0

[Ŷt |(Interventiont=1)− Ŷt |(Interventiont=0)]

Pop× Year
× 100,000

formulae for CI of EC and EIR is a challenging endeavour 
[30]. The most straightforward approach in this context 
is to rely on the interval estimation obtained empirically 
through Monte Carlo simulations to estimate the 95% 
empirical confidence intervals (eCIs) of EC and ER [30–

32]. Furthermore, we estimated the age-standardized 
ER and EIR. The formula for the combined population-
weighted ER for different age groups is as follows:

With the assumption that each regression coefficient 
followed a normal distribution, the combined term 
also followed a normal distribution, which is as fol-
lows:

∑25
a=11waβ̂1,a = WB ∼ N1(wµ,w′σw) , where B is a 

set of normal distributions of β1,a , with a mean vector 
of µ and a standard deviation vector ofσ ; W is a con-
stant vector representing the proportions of different 
age groups in the study population to the total study 
population. The age-standardised excess incidence rate 
was calculated with the same process as the age-stand-
ardised incidence.

Furthermore, we seek to illustrate the effectiveness of 
the hepatitis B vaccination on the incidence of hepatitis 
in different subgroups by sex (i.e., males and females), 
and clinical types of hepatitis B (i.e., acute cases and 
chronic cases). Each stratum was modeled separately 
after adjusting for the same covariates in the Model 
(1) for the whole population. For stratified analyses by 

sex, the offset terms are the daily number of male and 
female residents in Guangzhou, respectively, while the 
offset terms for the clinical type subgroup are the num-
ber of all residents in Guangzhou.

We performed sensitivity analyses to examine the 
robustness of the main results. First, we replaced the 
7-day moving average of ambient temperature with a 
natural cubic spline function with 3 degrees of free-
dom (dfs). Second, the 7-day moving average of rela-
tive humidity, wind speed, and total precipitation were 
additionally incorporated into the model. Third, we fit-
ted a negative binomial regression model instead of the 
quasi-Poisson regression model. Finally, we employed 
a model with monthly data to check the influence of 

(5)ERage−standardized = [exp(
∑25

a=11
waβ̂1,a)− 1] × 100%.
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the choice of different time scales on the main results. 
A two-sided p-value less than 0.05 was considered sta-
tistically significant. We used the R statistical software 
(version 4.2.1) to perform all analyses.

Results
Epidemiology of hepatitis B in Guangzhou
Figure 1, Tables 1, S3, and S4 present the summary statis-
tics of hepatitis B among the different populations from 
2005 to 2019 in Guangzhou. During the study period, 
there was a total of 322,537 reported hepatitis B cases 
with an average annual crude incidence of 161.74 cases 
per 100,000 individuals. 58,833 cases were reported 
among the catch-up population aged 8–25y (106.09 cases 

per 100,000 individuals), accounting for about 18.24% 
of all reported cases. The reported cases amounted to 
58,204 among the study population aged 11–25y, corre-
sponding to 114.96 cases per 100,000 individuals. Over-
all, there was a gradual decline in the annual incidence 
of hepatitis B among the study population aged 11–25y. 
The crude incidence of hepatitis B among the study 
population aged 11–25y swelled from 162.36 cases per 
100,000 individuals in 2005 to 233.86 cases per 100,000 
individuals in 2008, whereas reported cases pared from 
6,445 cases (197.92 cases per 100,000 individuals) in 2009 
to 1,605 (41.38 cases per 100,000 individuals) in 2019 
(Table S3).

Fig. 1 Yearly crude incidence of hepatitis B and corresponding confidence intervals in Guangzhou from 2005 to 2019
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The trend of incidence was similar in all age subgroups 
within the study population aged 11–25y, demonstrating 
an initial upward trend, followed by a subsequent down-
ward trend (Fig. 1). In the study population aged 11–25y, 
the burden of hepatitis B incidence was more severe 
in the older age groups. To be specific, it was observed 
that the highest number of reported hepatitis B cases 
occurred in the 25-year-old age group, reaching 9,619 
cases, corresponding to an average annual incidence of 
207.14 per 100,000 individuals (Table  2). Conversely, 
among the study population, the lowest incidence (15.45 
per 100,000 individuals) was observed in the 11-year-
old age group, with a total of 247 cases (Table  2).The 
incidence in the 25-year-old age group was found to be 
approximately 13 times higher than that of the 11-year-
old age group. There was no periodicity of hepatitis B 
incidence among the study population aged 11–25y dur-
ing the entire study period (Fig. S3).

The burden of hepatitis B also varied considerably 
within each subgroup (Tables 1 and S4). Specifically, the 
average annual incidence of hepatitis B among males was 
significantly higher than that among females (140.77 vs. 
86.04 cases per 100,000 individuals) among the study 
population aged 11–25y (Table  1). There were more 
chronic cases, with about 16 times greater than acute 
cases on average (95.12 vs. 6.13 cases per 100,000 individ-
uals) among the study population aged 11–25y (Table 1).

Effect of EPI on hepatitis B incidence
By and large, the catch-up vaccination posed a signifi-
cant decrease in the incidence of hepatitis B among the 
study population aged 11–25y (Fig. 2), with an age-stand-
ardized ER of −20.02% (95% CI: −23.87%, −15.97%). The 
catch-up vaccination produced statistically significant 

effectiveness for individuals in the 17-year age group and 
above, with the most substantial effectiveness observed 
in the 18-year age group (ER: −54.95%, 95% CI: −65.26%, 
−41.59%) (Fig. 2).

The age-standardized ERs of hepatitis B were statisti-
cally significant for both males (ER: −23.24%, 95% eCI: 
−27.71%, −18.50%) and females (ER: −17.55%, 95% eCI: 
−25.10%, −9.24%) following the systematic vaccination 

Table 1 Characteristics of hepatitis B cases and incidence in the whole population and different subgroups from 2005 to 2009 in 
Guangzhou

a There was one case whose sex was missing
b Figures in round brackets denote the percentage of reported cases within each subgroup, relative to the whole population
c The unit of incidence is cases per 100,000 persons

Category Cumulative cases (Proportion, %)b Average crude incidence (Age-standardized incidence)c

Whole population Catch-up population Study population Whole population Catch-up population Study population

Overall 322,537 58,833 58,204 161.74 (169.90) 106.09 (108.01) 114.96 (117.30)

Subgroup

Sexa

 Male 222,013 (68.83) 38,095 (64.75) 37,654 (64.69) 212.20 (221.9) 129.61 (131.26) 140.77 (142.87)

 Female 100,523 (31.17) 20,737 (35.25) 20,549 (35.31) 106.04 (112.44) 79.57 (81.72) 86.04 (88.58)

Clinical type

 Acute 10,751 (3.33) 3,136 (5.33) 3,102 (5.33) 5.39 (5.38) 5.66 (5.64) 6.13 (6.13)

 Chronic 287,423 (89.11) 48,656 (82.70) 48,160 (82.74) 144.13 (152.50) 87.74 (89.79) 95.12 (97.56)

 Unclassified 24,363 (7.55) 7,041 (11.97) 6,942 (11.93) 12.22 (12.02) 12.7 (12.58) 13.71 (13.61)

Table 2 Characteristics of hepatitis B cases and incidence for 
individuals aged 8–25y from 2005 to 2019 in Guangzhou

a Figures in round brackets denote the percentage of reported cases within each 
specified age group, relative to the whole population

Age group Cumulative cases 
(Proportion, %)a

Average incidence 
(per 100,000 cases)

8y 191 (0.06) 11.76

9y 208 (0.06) 13.16

10y 230 (0.07) 14.20

11y 247 (0.08) 15.45

12y 297 (0.09) 18.32

13y 348 (0.11) 21.53

14y 422 (0.13) 25.93

15y 722 (0.22) 40.48

16y 1,187 (0.37) 54.52

17y 1,961 (0.61) 73.63

18y 3,238 (1.00) 101.03

19y 4,298 (1.33) 105.78

20y 5,240 (1.62) 96.42

21y 6,225 (1.93) 114.32

22y 7,423 (2.30) 148.08

23y 8,133 (2.52) 165.05

24y 8,844 (2.74) 183.84

25y 9,619 (2.98) 207.14
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towards the study population aged 11–25y (Fig.  2). The 
intervention effect among chronic cases was less than 
that among acute cases, associated with a 26.14% (95% 
CI: 22.21%, 29.87%) decrease in the risk of hepatitis B 
incidence (Fig. 2).

There were approximately 2,962 (95% eCI: 1,720, 3,937) 
cases being prevented among the catch-up population, 
corresponding to a yearly age-standardized average of 
17.40 (95% eCI: 9.24, 23.78) cases per 100,000 individuals 
(Fig. 2). There was the greatest number of averted people 
against hepatitis B among individuals aged 18 years (EIR: 
−52.48, 95% eCI: −62.07, −39.35 cases per 100,000 indi-
viduals) (Fig. 2).

The intervention defended people in different sub-
groups from hepatitis B infection (Fig.  2). Specifically, 
more people were prevented against hepatitis B follow-
ing the intervention among males (age-standardized 
EIR: −21.82, 95% eCI: −30.51, −10.15 cases per 100,000 
individuals), and chronic patients (age-standardized 
EIR: −24.27, 95% eCI: −30.62, −16.09 cases per 100,000 
individuals).

Sensitivity analyses
We obtained similar results from the sensitivity analyses. 
First, we found that the effectiveness of the catch-up vac-
cination on the incidence did not change substantially 
when applying a natural cubic spline to ambient tem-
perature with 3 dfs (age-standardized ER −19.83% [95% 
CI: −23.69%, −15.77%]), or additionally incorporating the 

7-day moving average of relative humidity, wind speed, 
and total precipitation into the model (age-standardized 
ER −23.01% [95% CI: −26.96%, −18.84%]). Second, the 
effectiveness estimate remained robust when using a 
negative binomial regression model (age-standardized 
ER −17.68% [95% CI: −21.60%, −13.56%]). Finally, there 
was little difference between the results of models with 
monthly data (age-standardized ER −20.53% [95% CI: 
−26.36%, −14.23%]) and those with daily data.

Discussion
China implemented the catch-up hepatitis B immune 
program for all children aged 8–15y in 2009. This study 
provided a comprehensive evaluation of the vaccination 
effect on hepatitis B infection among the study popu-
lation from different subgroups from 2005 to 2019 in 
Guangzhou. The study population accounted for a small 
part of the whole population. The major results show 
that with the systematic hepatitis B vaccination to chil-
dren under the age of 15 came the decrease of hepatitis B 
incidence in Guangzhou among the study population by 
20.02% and nearly 2962 individuals being prevented from 
hepatitis B after 2009.

In Guangzhou, whole people suffered a heavy burden 
of hepatitis B, with an annual incidence of 161.74 cases 
per 100,000 individuals from 2005 to 2019, about twice 
the average level of the Chinese mainland (about 76.66 
cases per 100,000 individuals from 2005 to 2020), of 
which nearly 90% are chronic cases [33–35]. In addition, 

Fig. 2 Excess risks, cases, and incidence rates of hepatitis B attributable to catch-up vaccination. The units of excess risks and excess incidence rates 
were % and cases per 100,000 individuals, respectively. Abbreviation: CI, confidence interval; eCI, empirical confidence interval
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those born before 1994 comprised a large percentage of 
all reported cases in Guangzhou. Although the progres-
sion from chronic hepatitis B to cirrhosis and hepatocel-
lular carcinoma is relatively slow [36], most chronic cases 
were contracted in the newborn stage or early child-
hood and the risk of the liver disease progress increases 
with age. Slowing the progression of hepatitis B is high 
on the list of priorities to alleviate the burden of chronic 
patients. In addition, attention should be paid to high-
risk occupations, such as healthcare workers [37], work-
ers, farmers, retirees, etc. [38]. It is important for these 
high-risk occupations to inoculate hepatitis B vaccines, 
to proactively test for hepatitis B, and to raise prevention 
awareness [39].

To our best knowledge, this is the first study assessing 
the effectiveness of the catch-up vaccination project from 
2009 to 2011 for all children on the incidence of hepati-
tis B. Previous literature focused on evaluating the effec-
tiveness of NPI on the incidence of hepatitis B among 
newborns [19, 20]. Follow-up studies demonstrated that 
the primary hepatitis B vaccination can provide long-
term protection and maintain high antibody levels (anti-
HBs < 10 mIU/mL) in vaccinated children and adults 
[40, 41]. A few modeling studies found the hepatitis B 
catch-up vaccination for children under the age of 15 was 
cost-saving [42, 43]. Our study using surveillance data 
confirmed that the catch-up vaccination gave impetus to 
a further drop in the incidence of hepatitis B in Guang-
zhou in the case of low prevalence among children. A 
prior prevalence study in China found that there was no 
significant difference between HBsAg (2.02% vs. 1.95%) 
and HBsAb (59.13% vs. 57.80%) among the sampled 
catch-up population in 2006 and 2014 [44]. However, 
the present study found a significant decrease in the inci-
dence of hepatitis B among the catch-up population. The 
inconsistency of results can be summed up as two rea-
sons. Firstly, serological indices and reported confirmed 
cases represent different hepatitis B statuses. The former 
generally indicates the status of individuals’ infection, 
including HBV carriers, asymptomatic infected people, 
confirmed cases, etc. The latter is a clinical manifestation 
of liver damage due to the HBV infection. Secondly, two 
serological surveys with long intervals cannot account for 
time-varying confounding variables. The present study 
indicated that the adoption of a free catch-up hepatitis 
B vaccination program has generated health benefits to 
the decrease in the incidence of hepatitis B among cor-
responding age groups in Guangzhou, China.

In this work, we found that among the study popula-
tion, the burden on the males was still heavier at the end 
of 2019 and the intervention effect was weaker in females 
than in males. The possible reason for this sex disparity in 
the disease burden is the effect of sex hormones on HBV 

infection. The liver is regarded as a sexually dimorphic 
organ, thus being responsive to sex hormones [45]. Ani-
mal studies indicated that the HBV X protein enhances 
the activity of the androgen receptor and the liver in 
males is more able to facilitate HBV gene expression, 
replication, and transcription [46, 47]. Two studies in 
Taiwan, China reported that males had a poorer immune 
response to HBV infection after vaccination in the new-
born stage and worse immune tolerance and clearance 
phases of serum HBsAg than females [47, 48]. However, 
the findings of the present study demonstrate that the 
decline in incidence observed in the males exceeded that 
observed in the females. The underlying reason for the 
observed discrepancy is likely to be that the study popu-
lation comprised children aged 10 years and older, rather 
than newborns. The question of whether age eliminates 
differences in immune response to hepatitis B vaccines in 
males and females requires elucidation in future studies. 
This finding can assist policymakers in determining the 
impact of sex on the cost-effectiveness of future massive 
hepatitis B vaccination for adolescents and adults.

In terms of different clinical types of hepatitis B among 
the catch-up population, even though the diminution 
in the incidence was greater in chronic patients than in 
acute patients, there was the  higher incidence of hepa-
titis B among chronic patients. This phenomenon can 
be boiled down to three reasons. Firstly, some chronic 
patients progress from acute infection. Others are caused 
by mother-to-child transmission. Acute HBV infec-
tion usually occurs in the wake of exposure and contact 
with infected blood and semen in childhood and adult-
hood [1]. Acute HBV infection lasting for more than six 
months could progress to chronic infection. Asympto-
matic chronic infection occurs in over 90% of mother-
to-child transmitted neonates and infants [49]. Maternal 
antigen levels may affect the efficacy of hepatitis B vacci-
nation. Secondly, there were more children with chronic 
HBV infection during the study period. Hence, in addi-
tion to prophylactic vaccines, healthcare providers can 
boost the use of antiviral drugs or consider other block-
ing forms to avoid mother-to-child transmission and the 
progression of HBV-associated liver diseases [1].

This study has two implications for future vaccina-
tion. First and foremost, the beneficial effect of hepa-
titis B catch-up vaccination in 2009 can provide the 
basis for whether to expand the population of fur-
ther catch-up vaccination in the future. In addition to 
directly reducing the incidence of hepatitis B, hepati-
tis B vaccines also help vaccinated individuals emerge 
from a series of liver diseases associated with HBV. A 
systematic review showed that the protective efficacy 
of hepatitis B vaccination could persist for 14–30 years 
[50]. Hepatitis B vaccines could reduce the risk of HBV 
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infection and even prevent the progression of hepatitis 
B (e.g. hepatocellular carcinoma and deaths associated 
with fulminant hepatitis in children) [51–54]. Previous 
modeling studies indicated that massive vaccination for 
people over 14 years old and universal screening among 
adults aged 18–70 years with various willingness-to-pay 
thresholds may be cost-saving and beneficial to alleviat-
ing the current burden of hepatitis B among those who 
have not been systematically vaccinated in China [42, 
55, 56]. Therefore, health authorities need to consider 
whether to implement expanded catch-up vaccina-
tion and other universal strategies among adult people 
based on the local burden of hepatitis B. Additionally, 
the findings would serve as a paradigm of hepatitis B 
catch-up vaccination for other countries and regions 
bearing the burden of hepatitis B (e.g., southeast Asia, 
most of Africa, etc.) [1, 57], which could contribute to 
controlling the incidence of hepatitis B worldwide.

Several limitations should be acknowledged in this 
study. First, there was an inevitable under-reporting of 
hepatitis B cases. Particularly, chronic infections can 
have a long asymptomatic phase and are more likely to 
be under-reported among the younger population [22]. 
However, the probability of under-reporting and mis-
diagnosis is likely to diminish over time, as a result of 
the introduction of new diagnostic criteria for hepati-
tis B in 2008, the advancement of medical technology, 
and the refinement of the reporting process. In conclu-
sion,  such differential under-reporting may result in 
an underestimation of the effectiveness. Second, due 
to the lack of data on asymptomatic infections and the 
low proportion of diagnosed cases (0.16%, equivalent 
to 161.74 per 100,000 persons) in the general popu-
lation, the population offset in the model was based 
on the total resident population of the specific group 
under study, including previously diagnosed individu-
als. This approach may underestimate the incidence 
rate, especially post-intervention, potentially leading 
to an overestimation of the intervention’s effectiveness. 
Third, prior research found an association between an 
individual’s economic status and their inclination to 
receive the hepatitis B vaccine [58]. The lack of indi-
vidual information on lifestyle and socioeconomic sta-
tus thwarts a further exploration of the effectiveness of 
the intervention in subgroups. Fourth, previous studies 
found that human mobility has an impact on infectious 
diseases, such as COVID-19 [59], hepatitis A [60], 
HIV [61], etc. Should the human mobility data at the 
inter-city and intra-city level become available, under-
standing the association between the mobility pat-
terns and the incidence of hepatitis B during the study 
period would provide more insights into the impact of 
human behaviors on hepatitis B transmission. Finally, 

our study did not take hepatitis B cases after 2020 into 
consideration. Further studies are required to focus on 
whether the effectiveness of hepatitis B vaccination 
changes significantly in the pandemic and post-pan-
demic era of COVID-19 and to re-examine the feasibil-
ity of meeting the WHO’s targets.

Conclusions
The massive catch-up hepatitis B vaccination on chil-
dren is associated with the decrease in the incidence of 
hepatitis B in Guangzhou. The findings could be con-
sidered to support policy updates that extend the vac-
cination age to all children under the age of 15 in other 
regions or countries with high- and middle-endemic of 
hepatitis B.
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