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. The hepatitis B prevalence rate in adults is still at a high to intermediate level in China. Our purpose

. was to explore the incidence rate and protective immune barrier against hepatitis B in adults in China.

. Asample of 317961 participants was multi-screened for hepatitis B surface antigens (HBsAg) in a

. large-scale cohort of the National Hepatitis B Demonstration Project. A total of 5401 persons were
newly-infected, representing an incidence rate of 0.81 (95%Cl: 0.77-0.85) per 100 person-years after
adjusted by gender and age. History of acquired immune deficiency syndrome, birth prior to 1992,
coastal residence, family history of HBV, and migrant worker status were significantly associated with
higher incidence, while HBV vaccination and greater exercise with lower incidence. The hepatitis B
surface antibody (HBsADb) positive rate was negatively correlated with the incidence rate of hepatitis B

: (r=—0.826). Linear fitting yielded an incidence rate of 1.23 plus 0.02 multiplied by HBsAb positive rate.

: The study firstly identified the HBsAg incidence rate, which was reduced to 0.1 per 100 person-years

. after vaccination coverage of about 64%. The protective immune barrier against hepatitis B needs to be
established in individuals born prior to the advent of infant HBV vaccination.

- A third of the world’s population is infected with HBV"? and is a major public health threat in the Asia-Pacific
. region*!. HBV vaccination is the most effective prevention strategy reccommended by the World Health
Organization®>¢. Many countries had introduced hepatitis B vaccine into their national schedules since the late
1980s”®. Among the Vaccine European New Integrated Collaboration Effort (VENICE) network in the European
Union, 10 countries have hepatitis B mandatory vaccination®. Southeast Asia experienced a significant reduction
in HBsAg prevalence between 1990 and 2005, particularly in the age group of 0 to 14 years, with prevalence levels
© reduced to 1.2%-1.4% in 2005'°. The Chinese government has conducted hepatitis B vaccination in infants for
: more than 20 years. As a result, HBsAg prevalence rate has declined significantly, especially in the population born
after the implementation of the measures in 1992. Among individuals aged below 20 years, HBsAg prevalence rate
decreased from over 10% in 1992!" to under 2% in 2006'2
However, more than 350 million chronic hepatitis B carriers exist, 75% of whom reside in the Asia-Pacific
region’. The adult population of Southeast Asia has a higher-to-intermediate level of HBsAg prevalence ranging
from 5% to over 6%'°. In China, the prevalence of HBsAg was 8% to 12% among individuals aged 20 years and
older!2. According to the China Statistical Yearbook 2014'%, over 1.15 billion were adults aged more than 20 years
of the total 1.36 billion adult population in the country, with the number of HBsAg carriers estimated to reach
. 136 million eventually. Therefore, prevention and control of hepatitis B in adults is a huge challenge. A possible
. reason for the increased prevalence rate in adults might be attributed to the inadequate protective immune barrier
. against hepatitis B in the population born before the advent of infant HBV vaccination program. A second factor
might be associated with the resistance to adult vaccination measures. Incidence rate might be a better indicator
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Groups Sample Size | No. of HBsAg-Positive individuals | HBsAg Prevalence Rate (%) | 95% CI for Prevalence Rate (%)
Males 128344 9881 7.70 7.55-7.85
Females 189617 11544 6.09 5.98-6.20
0-4 384 1 0.26 0-0.77
5-9 1778 6 0.34 0.07-0.61
10-14 3700 49 1.32 0.95-1.70
15-19 2347 100 4.26 3.43-5.10
20-24 3547 227 6.40 5.57-7.23
25-29 5747 424 7.38 6.68-8.08
30-34 10512 885 8.42 7.86-8.97
35-39 22127 2064 9.33 8.93-9.73
40-44 34751 2989 8.60 8.29-8.91
45-49 39821 3246 8.15 7.87-8.43
50-54 41716 3346 8.02 7.75-8.29
55-59 46647 3014 6.46 6.23-6.69
60-64 41562 2330 5.61 5.38-5.83
65-69 25089 1236 4.93 4.65-5.20
70-74 21952 875 3.99 3.72-4.25
75-79 15087 600 3.98 3.66-4.30
80+ 1194 33 2.76 1.82-3.71
All 317961 21425 6.74 6.65-6.83
Standardized” - - 6.22 6.13-6.30

Table 1. HBsAg prevalence rate in different genders and age groups. "Adjusted by gender and age of the
standardized population.

of the effectiveness of hepatitis B vaccination in this population. In contrast to the plethora of data on prevalence,
studies exploring the incidence rate are limited*'*. To assess and reduce the incidence rate of hepatitis B in China,
the National Medium and Long-term Science and Technology Development Plan (2006-2020)'° emphasized the
implementation of a special hepatitis B project. In the project, 12 demonstration zones in Zhejiang, China were
selected for a comprehensive hepatitis B prevention and control program. Though other published studies have
reported factors that are associated with prevalence rates in China!®, no evidence exists to examine factors that are
associated with newly incident infection risk. This work is the first to observe whether the same factors are present
in newly incident cases. Understanding risk factors may help to tailor vaccination programs at those with greater
risk profiles and we therefore undertook this work to fill this important gap and identify which characteristics are
associated with higher risk of becoming infected.

Based on data collected from the project in the past 6 years, we have analyzed the incidence rate of hepatitis B
virus and its risk factors for the first time. The objective of this study was to evaluate the role of immune barrier
against hepatitis B in adults, and its implications for accelerated control of hepatitis B infection.

Results

Table 1 presents the results of prevalence rate analysis. We screened 317961 persons (128344 males and 189617
females) for HBsAg more than twice. Subjects’ age ranged from 0 to 81 years. Of the 317961 individuals screened,
21425 were HBsAg positive, yielding a prevalence rate of 6.74% (95% CI: 6.65%-6.83%). Of the 128344 males tested,
9881 were HBsAg-positive, with a prevalence rate of 7.70% (95% CI: 7.55%—-7.85%). Of the 189617 females, 11544
were HBsAg-positive, with a prevalence rate of 6.09% (95% CI: 5.98%-6.20%). The HBsAg prevalence rate in the
male group was significantly higher than in the female group (P < 0.01). HBsAg prevalence rate varied significantly
among different age groups (P < 0.01). HBsAg prevalence rate of the group aged 0-4 years was the lowest, with
a rate of 0.26% (95% CI: 0-0.77%), and the highest in the age group of 35-39 years, with a rate of 9.33% (95% CI:
8.93%-9.73%).The HBsAg prevalence rate in the whole population was standardized by gender and age, with an
adjusted rate of 6.22% (95% CI: 6.13%-6.30%). Among 21425 persons with HBsAg positive, there were 57 acute
hepatitis B (a prevalence rate of 179.27 per million), 852 chronic hepatitis B (a prevalence rate of 2679.57 per
million), 26 severe hepatitis B (a prevalence rate of 81.77 per million), 31 liver cirrhosis resulting from chronic
hepatitis B (a prevalence rate of 97.50 per million), and 6 hepatocarcinoma resulting from chronic hepatitis B
(a prevalence rate of 18.87 per million).

The results of incidence rate are presented in Table 2. Of the 317961 subjects undergoing HBsAg screen-
ing twice or more, the average interval of follow-up was 1.97 years and the total person-years of follow-up was
626383.17. A total of 5401 people were found newly infected, with an incidence rate of 0.86 (95% CI: 0.83-0.89)
per 100 person-years. Of the 128344 screened males, the average interval of follow-up was 1.98 years and the total
person-years of follow-up was 254121.12, among which 2483 people were found newly infected, with an incidence
rate of 0.98 (95% CI: 0.92-1.03) per 100 person-years. Of the 189617 screened females, the average interval of
follow-up was 1.97 years and the total person-years of follow-up was 373545.49, of which 2918 people were newly
infected, with an incidence rate of 0.78 (95% CI: 0.74-0.82) per 100 person-years. The incidence rate in the male
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Males 128344 2483 1.98 254121.12 0.98 0.92-1.03
Females 189617 2918 1.97 373545.49 0.78 0.74-0.82
0-4 384 0 2.78 1067.52 0.00 0.00-0

5-9 1778 2 2.31 4107.18 0.05 0-0.15

10-14 3700 11 2.06 7622.00 0.14 0.02-0.27
15-19 2347 32 1.95 4576.65 0.70 0.36-1.04
20-24 3547 63 2.03 7200.41 0.87 0.57-1.18
25-29 5747 109 2.05 11781.35 0.93 0.68-1.18
30-34 10512 255 2.04 21444.48 1.19 0.98-1.40
35-39 22127 512 2.00 44254.00 1.16 1.01-1.30
40-44 34751 766 1.97 68459.47 1.12 1.01-1.23
45-49 39821 791 1.96 78049.16 1.02 0.92-1.11
50-54 41716 758 1.97 82180.52 0.92 0.83-1.02
55-59 46647 718 1.97 91894.59 0.78 0.70-0.86
60-64 41562 632 1.94 80630.28 0.78 0.70-0.87
65-69 25089 341 1.95 48923.55 0.70 0.60-0.80
70-74 21952 246 1.98 43464.96 0.57 0.47-0.67
75-79 15087 158 1.94 29268.78 0.54 0.42-0.66
80+ 1194 7 1.69 2017.86 0.35 0.01-0.68
All 317961 5401 1.97 626383.17 0.86 0.83-0.89
Standardized® 0.81 0.77-0.85

Table 2. HBV (HBsAg) incidence rate in different genders and age groups. "Per 100 person-years. *Adjusted
by gender and age of the standardized population.

1. Coastal residence 2.42 2.29-2.56 <0.001 2.52 2.39-2.67 <0.001
Inland residence 1.00 1.00

2. Birth before 1992 4.06 2.87-5.76 <0.001 4.35 3.07-6.16 <0.001
Birth after 1992 1.00 1.00

3. HB Vaccination 0.79 0.74-0.85 <0.001 0.85 0.79-0.90 <0.001
No HB Vaccination 1.00 1.00

4. Family history of HB 1.54 1.32-1.79 <0.001 1.73 1.47-2.02 <0.001
No family history of HB | 1.00 1.00

5. History of AIDS 6.09 1.42-26.17 0.015 5.77 1.34-24.90 0.019
No history of AIDS 1.00 1.00

6. Exercises (Grade) 0.94 0.91-0.97 <0.001 0.93 0.90-0.96 <0.001
No exercise 1.00 1.00

7. Migrant worker status 1.95 1.70-2.24 <0.001 1.75 1.52-2.01 <0.001
Local resident status 1.00 1.00

Table 3. Factors affecting HBV (HBsAg) incidence rate. “Adjusted by gender, age and time of follow-up.

group was significantly higher than that of the female group (P < 0.05). The incidence rates were also significantly
different among the different age groups (P < 0.05). In the group aged 0-4 years, the incidence rate was the low-
est, with a rate of 0; and the group aged 30-34 years was the highest, with a rate of 1.19 (95% CI: 0.98-1.40) per
100 person-years. The incidence rate in the whole population standardized by gender and age was 0.81 (95% CI:
0.77-0.85) per 100 person-years.

The analysis of risk factors is presented in Table 3. A history of AIDS and birth prior to 1992, i.e., before the
infant HBV vaccination program was implemented, were significantly associated with higher incidence, with RRs
(Relative Risk) of 6.09 (95% CI: 1.42-26.17) and 4.06 (95% CI: 2.87-5.76), respectively. After adjustment for gender,
age and follow-up interval, the RRs were 5.77 (95% CI: 1.34-24.90, P < 0.01) and 4.35 (95% CI: 3.07-6.16, P < 0.01),
respectively. In addition, coastal residence, a family history of hepatitis B, and migrant worker status were also sig-
nificantly associated with higher incidence, with adjusted RRs of 2.52 (95% CI: 2.39-2.67), 1.73 (95% CI: 1.47-2.02)
and 1.75 (95% CI: 1.52-2.01), respectively. HBV vaccination and greater exercise were significantly associated
with lower incidence, with adjusted RRs of 0.85 (95% CI: 0.79-0.90) and 0.93 (95% CI: 0.90-0.96), respectively.
A significant difference in the incidence of hepatitis B was found between those born before and after 1992 when
infant HBV vaccination program was implemented. The incidence rate of hepatitis B was 0.88 (95% CI: 0.85-0.91)

SCIENTIFICREPORTS | 5:18334 | DOI: 10.1038/srep18334 3



www.nature.com/scientificreports/

R=-0.826,P<0.01 QA v
70.00 140 § 7
> 3
¥ 60.00 120 g z
P 2] 2
£ 50.00 10 3 | g
-4 o 8
v 40.00 080 © =
2 — 5
= = [
2 30.00 060 3
a ;’ c
2 2000 040 £ | g
3 « g
| £ 1000 00 ¢ | 3
2 £

0.00 000 §

4 *
TOHOATO T OATAOATOTOATOT O + c
Gin S S QN D Y YD DD RO by
ONOWNOWVNOWNO WO WNOWN 2 1 1 1 1 1 1 |
AHNNOMTTONOBOORN 2 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Age groups (years) HBsADb positive rate (%)

Figure 1. The incidence and hazard ratio of birth prior to 1992. (a) The incidence rates of population born
before vs. after 1992. The incidence in individuals born before 1992 was four-fold higher than that of those born
after 1992. (b) The hazard ratio of populations born before and after 1992. The blue line indicated population
born after 1992, and the green one population born before 1992.
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Figure 2. The HBsAg incidence rate of population born in different eras varied with gender and residence.
Panel (a) The HBsAg incidence rate before and after hepatitis B vaccination of infants since 1992 (Gender);
Panel (b) The HBsAg incidence rate before and after hepatitis B vaccination of infants since 1992 (Area); Panel
(c) The relationship between birth era and HBsAg incidence rate; Panel (d) The relationship between birth era
and susceptibility to hepatitis B infection.

per 100 person-years among individuals born before 1992, and 0.21 (95% CI: 0.10-0.31) per 100 person-years
among those born after 1992 (Fig. 1a and Supplementary Table 1). The hazard ratio indicated that the incidence
was significantly higher among those born before 1992, especially after 60 months, with an adjusted hazard ratio
of 8.04 (95% CI: 5.60-11.53) per 100 person-years by gender and age (Fig. 1b and Supplementary Table 1).

A comparative analysis of rates of HBsAg prevalence and hepatitis B incidence before and after 1992 indicated
a strong impact of HBV vaccination program (Fig. 2 and Supplementary Figure 1). HBsAg prevalence rate was
reduced dramatically in both male and female population (from 7.9% to 1.8%, and 6.2% to 1.3%, respectively). A
similar rate of decline was found upon analysis of the two rates by residence. For both inland and coastal population,
HBsAg prevalence rate was reduced significantly after 1992 (from 5.7% to 2.6% and 8.9% to 1.5%, respectively).
Remarkably, the HBsAg prevalence rate for coastal population was reduced much faster than that of inland so the
rate was much lower (1.5% vs. 2.6%). This reversal was a clear evidence of the effectiveness of HBV vaccination
program in the coastal population. This finding is further corroborated by the fact that people born after 1990 had
a much lower HBsAg prevalence rate (2.4% after 1990, and less than 1% after 2000) and lower susceptibility rate
(carrying hepatitis B antibody). While the hepatitis B incidence rate shared a similar pattern of significant decline
after HBV vaccination program implementation in 1992, the reduced incidence rate of male population after 1992,
lower than that of the female population (0.27% vs. 0.30%) was remarkable.

The HBsAb prevalence rate varied significantly among different age groups (P < 0.01). In particular, the HBsAb
positive rate was the highest at 66.67% in the age group of 5-9 years, and the lowest in the group aged 35-39 years,
with a rate of 14.64% (Fig. 3a). A strong negative correlation existed between the HBsAD positive rate and the
hepatitis B incidence rate, with a correlation coeflicient of —0.826 (P < 0.01). A linear fitting for HBsAb positive
rate and hepatitis B incidence rate, yielded a hepatitis B incidence rate of 1.23 plus 0.02 times of the HBsAb positive
rate (Fig. 3b).
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Figure 3. The relationship between HBsADb positive rate and hepatitis B incidence rate. (a) Age distribution
of HBsAb-positive and hepatitis B incidence rates; (b) Scatter diagram and linear fitting for HBsAb-positive
rate and the hepatitis B incidence rate, and the incidence rate (ranging from zero to 1.19, per 100 person-
years) = 1.23-0.02 x the HBsAb positive rate (%).

Discussion

Hepeatitis B virus (HBV) infection remains a severe public health problem worldwide!”!8, but its prevalence differs
greatly, geographically'®°-22. In China, the HBsAg carrier rate was 8.75% in 1979%, 9.75% in 1992, and 7.18%
in 20062, which is significantly higher than that of the Western countries®?. The Chinese government has imple-
mented a plan to control and reduce HBsAg carrier rate, including increased number of intervention projects and
funding®. Zhejiang province reported the average prevalence level of hepatitis B among Chinese provinces, with
an HBsAg carrier rate varying from 5% in inland to 13% in coastal areas?”. A comprehensive demonstration zone
for prevention and control of hepatitis B was established in Zhejiang province since 2009. The results shown in this
study indicate that a standardized HBsAg prevalence rate was 6.22% (95% CI: 6.13%-6.30%). The HBsAg preva-
lence rate in the male group was significantly higher than in the female group. In this study, we had identified the
prevalence rates of acute hepatitis B (179.27 per million), chronic hepatitis B (2679.57 per million), severe hepatitis
B (81.77 per million), liver cirrhosis resulting from chronic hepatitis B (97.50 per million), and hepatocarcinoma
resulting from chronic hepatitis B (18.87 per million). The related diseases resulting from HBV infection remains
a severe challenge in China, thus greater importance should be attached to prevention and control of hepatitis B,
especially construction of protective immune barrier against hepatitis B in susceptible individuals.

As a time-effective index, the incidence rate directly reflects the threat and effectiveness of preventing and con-
trolling hepatitis B. The prevalence of hepatitis B has been reported to be high in China, but the current incidence
level of hepatitis B warrants urgent attention?*?3. In the comprehensive demonstration of zones for prevention
and control of hepatitis B*, a dynamic epidemiological survey and follow-up for hepatitis B have been carried out
more than twice. The results indicated that the standardized incidence rate was 0.81 (95% CI: 0.77-0.85) per 100
person-years. It was 0.98 (95% CI: 0.92-1.03) per 100 person-years in males, higher than that of females, with an
incidence rate of 0.78 (95% CI: 0.74-0.82) per 100 person-years.

HBYV vaccination is the mainstay of HBV prevention and is highly cost-effective for preventing chronic HBsAg
infection in both resource-rich and -limited settings***°. In 1992, the Global Advisory Group for the Expanded
Program on Immunization of World Health Organization (WHO) recommended?® universal HBV vaccination
starting from 1995 in countries with high HBV endemicity. The Chinese government was the first nation to institute
hepatitis B vaccination measures in infants, in 1992!2. The rates of prevalence?” and incidence decreased in the
lower age groups due to infant HBV vaccination. In 2006, the HBsAg carrier rate met the WHO criteria (less than
1%) in the population aged below 5 years after infant vaccination program®. The current study suggested that both
the incidence and prevalence rates were very low, close to zero and 0.26% (95% CI: 0-0.77%) in the age groups
of 0 to 4 years, respectively. The reductions were seen in groups aged about 20 years, with the incidence rate of
hepatitis B of 0.21 (95% CI: 0.10-0.31) per 100 person-years in population born after 1992, indicating that those
age groups developed a strong protective barrier of immunity. Further, the decreased incidence rate in the lower
age group was attributed to a lack of similar exposure to HBV compared with the older age groups®?. However,

SCIENTIFICREPORTS | 5:18334 | DOI: 10.1038/srep18334 5



www.nature.com/scientificreports/

compared with the HBV vaccination program, the role of HBV exposure was not significant, as it was indicated
in a serological investigation before the era of the national HBV vaccination program in 1992 when the HBsAg
carrier rate was unexpectedly high at a rate of over 9% in lower age group?’.

However, the HBV vaccination strategy among adults is not yet active in China®, as well as in other coun-
tries®-#34. The coverage rate of HBV vaccination is very low in paying adults in China*®, and hepatitis B still remains
a severe public health challenge in adults. Our results indicated that the incidence rate was nearly 1.19 (95% CI:
0.98-1.40) per 100 person-years, and the prevalence rate reached 9.33% (95% CI: 8.93%-9.73%) in the age group
of 35-39. We found that those born before 1992 showed the strongest risk of incidence of hepatitis B, with adjusted
Relative Risk (RR) of 4.35 (95% CI: 3.07-6.16). The incidence rate of hepatitis B was 0.88 (95% CI: 0.85-0.91) per
100 person-years in those born before 1992, which was more than four times the rates after 1992. Compared with
the population born after 1992, the hazard ratio of hepatitis B incidence in the population born before 1992 was
8.04 (95% CI: 5.60-11.53) per 100 person-years. Therefore, individuals born before 1992 were highly vulnerable
to hepatitis B virus, especially among those aged 35-40 years. The rates of HBsAg prevalence and incidences were
most dramatically reduced among coastal and male populations. Assuming over 1.15 billion adults were aged
greater than 20 years among the 1.36 billion adults in China'?, the number of new infections is expected to climb
to 10.12 million per year. Therefore, it is imperative to implement the HBV vaccination program and construct
a protective immune barrier, which is the only way to comprehensively control the hepatitis B epidemic in this
population. Setting a 0.1% incidence rate as the threshold for controlling hepatitis B in a population, a linear model
of this study suggests that the target can be accomplished only when HBsAb positive rate in the adult population
exceeded 56.5%. Assuming an effective rate of 88% after a three-dose HBV vaccination®, the 56.5% HBsADb positive
rate requires a vaccine coverage rate of 64% of the adult population.

Understanding risk factors present in newly infected cases may help us to tailor vaccination programs at
those with greater risk profiles. Our study found that a history of AIDS, birth prior to 1992, coastal residence,
a family history of HBV, and migrant worker status were significantly associated with higher incidence, while
HBYV vaccination and greater exercise with lower incidence. A study in South India indicated that cultural prac-
tices, such as tattooing, traditional medicine (e.g., blood-letting), rituals (e.g., scarification), and body-piercing,
also potentially increased the risk of HBV transmission®. The sex distribution are consistent with most pub-
lished studies where male were higher®”. Our previous study?” reported that a family history of hepatitis B,
drinking, smoking, migrant worker status, and/or specific occupations (fishermen, construction workers, and
long-distance truck drivers) were important risk factors affecting HBsAg prevalence. A retrospective observa-
tional cohort study indicated a higher rate of hepatitis B virus (HBV) co-infection in HIV infection®, which
confirmed HIV infection as a significant risk factor for HBsAg incidence rate. HBV was transmitted by prac-
tices such as unsafe injection or immunodeficiency similar to HIV infection. While high risk and protective
factors for HBsAg prevalence were studied by other researchers in the past, factors influencing incidence rate
were analysed in this study for the first time. It is important to acknowledge that causality cannot be inferred
from observational analyses and significant associations may simply reflect confounding, for example, those
with lower exercise levels or a history of AIDS may also have other high-risk behavior that leads to infection;
though the higher risk of infection in those born prior to the introduction of the vaccination program seems
likely to be a direct result.

In conclusion, the HBsAg incidence rate was analyzed and a set of influencing factors identified in this study
for the first time. From a public health perspective, incidence rate is a more important consideration for the design
of health strategies and education campaigns for preventing HBV transmission. Based on the study results, the
HBYV vaccination program of 1992 in China is effective in populations born after 1992 across different age groups.
The reduction was most dramatic among coastal and male populations. If 0.1% incidence rate is set as the target
for population control of hepatitis B, the study found that this can be attained only when HBsAb-positive rate
was over 56.5% in adult population. An effective rate of 88% after a three-dose HBV vaccination®, requires HBV
vaccination of 64% of the adult population. The large sample size, prospective nature of the study and detailed
baseline data permit this to be examined in a comprehensive way and we are confident that these findings may
be used for targeting vaccination programs at those with greater risk for infection, thus making optimum use
of resources.

Methods

The technical design of this large-scale cohort study of the national hepatitis B demonstration project was based
on standard operation procedures (SOP)?. In brief, 12 Hepatitis B prevention and control demonstration zones
were established in Zhejiang, China. The activities consist of the following: (1) multiple and large-scale screenings
for hepatitis B (HBsAg) conducted every two years; (2) prevention measures including vaccination and health
education of uninfected population, comprehensive normalized treatment and management measures for infected
population; (3) a cloud-based data system established to collect and store epidemiological data of infectious diseases
along with a standard set of documents?, covering personal electronic health, personal physical examination,
patients with hepatitis B, and follow-up of patients with hepatitis B; and (4) monitoring the normalization of
procedure and data accuracy, independent quality control and verification measures, to ensure the accuracy and
consistence of the data®.

The cohort follow-up was open, and participants were eligible if they had HBsAg results recorded in the database
more than twice from Jan 1, 2009 to Dec 31, 2014. The study was approved by the Ethics Committee of The First
Affiliated Hospital at the School of Medicine of Zhejiang University.

Samples were selected using the following four steps. First, individual citizen IDs were used to merge records
from a personal electronic health record database (N = 5854148) and personal physical examination records
(N = 3467228) database, to create a preliminary hepatitis B database. Since only the data records containing
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1) The database of personal electronic
health records (N=5 854 148)

The number of person without heaItHy 2) The database of personal physical
physical examination (N=2 386 920, 40.8%) examination records (N=3 467 228, 59.2%)

The number of person with screening 3) The temporary hepatitis B screening
for other diseases (N=1 886 185, 54.4%) information database (N=1 581 043, 45.6%)
The number of the unqualified 4) The temporary qualified hepatitis

cohort of HBsAg (N=162 576, 10.3%) B database (N=1418 467, 89.7%)

The number of person with screening for 5) a temporary qualified cohort database
HBsAg only once (N=1 100 506, 77.6%) of hepatitis B (N=317 961, 22.4%)

Figure 4. Flow chart outlining data assessment and population selection.

complete personal baseline data and hepatitis B screening information were selected, the database size was reduced
to 1581043. Second, the selected records were filtered by scrutinizing for unqualified data pertaining to gender,
birth date, screening date, and other parameters to yield an improved database (N = 1418 467). Third, in order to
determine the new infection incidence, only records with both initial screening and follow-up were selected to
obtain the study data set, which further reduced the database size to 317961 records (Fig. 4).

We assessed the new cases of infection based on those negative for HBsAg in the first round of screening and
positive in the last round of screening. We also assessed the individual follow-up period (years) based on the time
since the date of the first screening to the last round of screening.

To assess hepatitis B incidence rate and the level of immune barrier against hepatitis B, we selected two cohorts.
The adult cohort consisted of participants born before 1992, none of them covered by infant HBV vaccination pro-
gram. The cohort of children and teenagers consisted of participants born after 1992, mostly covered by infant HBV
vaccination program. To assess the factors influencing hepatitis B incidence rate, 31 variables related to hepatitis B
were finally selected and these related to socio-economics, lifestyle and medical history (Supplementary Table 2).

To assure the sample representativeness in the study database (N =317961), a comparative analysis of social
demography and health information was conducted to evaluate the differences between population and the study
sample. The variables used include age, gender, residence, mobility, family history, past medical history, personal
history, and the history of vaccination.

All the data were stored in an Oracle database and analyzed using SAS statistical analysis software (version
9.4). The prevalence rate of hepatitis B was defined as the number of HBsAg-positive people divided by the total
number of people screened for HBsAg at a given time. The incidence rate of hepatitis B (per 100 person-years) was
measured in terms of the number of HBsAg-negative people in the first round of screening but testing positive
in the last round of screening divided by the product of the number of people screened for HBsAg twice and the
follow-up interval (years). The total population rates were standardized by the age and gender composition based
on the normal population®. The factors influencing hepatitis B incidence rate were analyzed using multivariate
logistic regression. The accumulated function of the incidence risk trend was annualized using Kaplan-Meier
method. The incidence risk (hazard ratio, HR) of hepatitis B among different generations was analyzed using Cox
model. The results were adjusted by age and gender.
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