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Objective: Hepatitis B virus (HBV) has a worldwide distribution and remains a leading public health prob-
lem in China.
Method: Automated chemiluminescence microparticle immunoassay was used to test all five markers of
HBV serology in serum samples among 696,048 patients, pregnant women, and normal subjects in
Beijing from 2008 to 2018.
Results: The overall prevalence of subjects categorized as previous/ occult HBV infection, inactive HBsAg
carrier, active HBV infection, HBsAg, HBV susceptible, and immune via vaccination was 29.4%, 4.8%, 1.4%,
6.4%, 33.9% and 30.3%, respectively; men had a significantly higher prevalence of HBV infection than
women. The prevalence of HBsAg was around 0.5% in subjects � 10 years of age, increased dramatically
to 3.7% in subjects between 11 and 20 years of age, reached the highest level of 7.9% in subjects between
41 and 50 years of age, and finally decreased to 2.8% in subjects � 81 years of age. During the 10 years
from 2008 to 2018, the prevalence of HBsAg was stabilized at about 6.0%, and indicators of HBV suscep-
tibility, previous/ occult HBV infection, and immunity via vaccination were not further improved, despite
the constant implementation of HBV vaccination since 1992. All four age groups (21 � 30y, 31 � 40y,
41 � 50y and 51 � 60y) of the normal adult population were found to have a significantly lower preva-
lence of HBsAg and HBV susceptibility but significantly higher prevalence of immunity via vaccination
compared with corresponding age groups of the sub-total population.
Conclusions: Although high coverage has been established among infants and young children, their vac-
cination alone could not reduce HBV infection in the adult Chinese population quickly. Adult populations
with more vaccinated individuals are found to have fewer individuals with HBsAg. Vaccination in adults
or at least in high-risk adults is an urgent need to decrease horizontal HBV transmission in China.
� 2020 The Authors. Published by Elsevier Ltd. This is an open access articleunder the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hepatitis B virus (HBV) has a worldwide distribution and
remains as a leading public health problem. The World Health
Organization (WHO) estimated that 257 million persons had
chronic HBV infection globally in 2015 with approximately
887,000 deaths annually related to two major consequences of
HBV infection, cirrhosis and hepatocellular carcinoma [1].
Serologic prevalence of the hepatitis B surface antigen (HBsAg) is
usually used to define the endemicity of active HBV infection in
various geographic areas worldwide. A prevalence of HBsAg
of � 8%, 5%�7%, 2%�4%, and < 2% are defined as highly endemic,
high intermediate, low intermediate, and low endemic areas,
respectively [2,3]. In China, a universal HBV vaccination was imple-
mented in infants in 1992 [4], and HBV vaccination was integrated
into the national immunization program in 2002 [5]. Prior to the
implementation of national HBV vaccination in 1992, the preva-
lence of HBsAg was 9.8% in Chinese children � 4 years of age in
a large sample size survey [6]. Since then, the prevalence of HBsAg
has decreased dramatically to 0.3% in children between 1 and
4 years of age in 2014 [7]. However, the data for Chinese adults
or the general population may not be as optimistic as for the chil-
dren. The prevalence of HBsAg in the population aged between 1
and 59 years dropped from 9.8% in 1992 to 7.2% in 2006 [3], but
10 years later it remained as high as 7.7% in Eastern China in
2015 [8], 7.07% in pregnant women in Northwest China in 2018
[9], and 10.98% and 7.43% in patients visiting a general hospital
in the South China in 2018 [10] and in Northeast China in 2019
[11], respectively. Furthermore, the prevalence of serum HBsAg/
HBeAg was found to be 10.5% among 1.9 million couples preparing
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for pregnancy in rural China in 2017 [12]. Therefore, these areas
remain a high intermediate endemic of HBV infection.

In this study population, there were 696,048 patients, pregnant
women, andhealthy subjectswhovisited PekingUnionMedical Col-
lege Hospital (PUMCH), Beijing for routine medical purposes or
health examinations from 2008 to 2018, and they were tested for
all fivemarkers of HBV serology, including HBsAg, anti-HBs, hepati-
tis B virus e-antigen (HBeAg), anti-HBe, and anti-hepatitis B virus
core antigen (anti-HBc). The aimof the studywas to analyze the data
of different stages of HBV infection as defined by HBV serology,
including HBV susceptibility, HBV immunity via vaccination, previ-
ous/ occult HBV infection, inactive HBsAg carrier, and active HBV
infection among this study population within various age groups
during the 10-year time span. We focused on the current situation
of HBV infection and challenges to our current vaccination policy
with the main objective of eliminating HBV by 2030.
2. Materials and methods

2.1. Ethics statement

Our study was approved by the Ethics Committee (reference no.
S-K735) of PUMCH, the Institution Review Board (IRB) of Peking
Union Medical College Hospital, and was waived for requirement
of informed consent as the blood samples were collected and
tested for routine medical purposes. The results of HBV serologic
markers had been reported to the patients and doctors before they
were analyzed for this study. The patients’ identifications were also
removed before the analysis.

2.2. Study samples

A total of 696,048 blood samples from patients, pregnant
women, and healthy subjects visiting the PUMCH for routine med-
ical purposes or health examinations were collected and tested for
all five markers of HBV serology, including HBsAg, anti-HBs,
HBeAg, anti-HBe, and anti-HBc from May 2008 to December
2018. Our hospital has 1800 beds and attended to 3.79 million out-
patients and 109,000 hospitalized patients in 2018. Half of patients
in our hospital were Beijing residents, and rests were from other
parts of China, mainly Northern China. Most pregnant women
and healthy subjects were Beijing residents.

Inclusion criteria were the availability of blood samples from
patients, pregnant women, or healthy subjects who: were Chinese;
had demographic information; and had laboratory results for all
five markers of HBV serology.

Exclusion criteria were the lack of availability of blood samples
from patients, pregnant women, or healthy subjects who: were for-
eigners (as the study was designed only for Chinese subjects); had
no demographic information; had no laboratory results; or had
laboratory results but less than five markers of HBV serology. More
than one blood sample per person within 1 year were considered
to be repeated samples, and only the first sample was recruited
and the rest excluded. Samples for more than one year apart were
treated as new samples.

2.3. Laboratory testing

Blood samples were collected using sterile vacutainers and all
sera were separated by centrifugation. The serum samples were
tested for HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc using
automated chemiluminescence microparticle immunoassay
(CMIA, Abbott Architect i2000 SR, Abbott Laboratories, Wiesbaden,
Germany). According the manufacturer’s instruction, when the
signal-to-cutoff ratio (S/CO) of a serum specimen was equal to or
greater than 1.0, a positive reaction was reported, whereas a ratio
of <1.0 reported a negative reaction for testing of HBsAg, HBeAg,
anti-HBe, and anti-HBc. For testing of anti-HBs, the samples with
a concentration of anti-HBs equal to or more than 10mIU/mL were
reported as positive reactions and were immune via vaccination.

2.4. Statistical analysis

The results of the tests forHBVserologicalmarkerswere stored in
a server installed with our laboratory information system (LIS) after
the resultswere reported. The datawere exported toMicrosoft Excel
2007 (Microsoft Corp., New York, NY), where they were sorted and
preliminarily calculated. Statistical analysis was performed using
IBM SPSS software (version 21.0). P-values < 0.05 were considered
statistically significant. The chi-squared test with continuity correc-
tion was used to compare the prevalence of HBV infection.
3. Results

3.1. The demographic characteristics and definition of HBV infection

There were a total of 696,048 blood samples that were tested
for HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc from 2008 to
2018, in which 263,591 (37.9%) samples were from men and
432,457 (62.1%) were from women. Among 696,048 blood sam-
ples, 133,491 (19.2%) blood samples were from the healthy popu-
lation who underwent health examinations, 11,535 (1.7%) from
patients visiting the hepatitis & infectious disease clinics, 35,468
(5.1%) from pregnant women undergoing prenatal care, and
51,5554 (74.1%) from other patients for various medical reasons
including surgery, invasive operation, blood transfusion, etc.
6,752 duplicated samples for more than one year apart were
included. The demographic characteristics of patients, pregnant
women and the healthy subjects visiting PUMCH is shown in
Table 1.

On the basis of HBV serological markers, different stages of HBV
infection, including HBV susceptible, HBV immune via vaccination,
previous/occult HBV infection, inactive HBsAg carrier and active
HBV infection are defined in Table 2 [13,14]. The definition of
immune via vaccination in our study is a positive reaction of
anti-HBs with concentration � 10mIU/mL (HBV immunity).

3.2. Prevalence of HBV infection

As shown in Table 3, the overall prevalence of previous/occult
HBV infection, inactive HBsAg carrier, active HBV infection, and
HBsAg among 696,048 samples were 29.4%, 4.8%, 1.4%, and 6.4%,
respectively; men had a significantly higher prevalence than
women (v2 = 2,077.7–5,145.3, P < 0.0001). Furthermore, the overall
prevalence of HBV susceptible and immune via vaccination among
696,048 samples was 33.9% and 30.3%, respectively; women had a
significantly higher prevalence than men (v2 = 1,161.9–3,498.5,
P < 0.0001).

3.3. Age-related prevalence of HBV infection

Age-related prevalence of HBV infection is shown in Table 4.
The prevalence of HBsAg was around 0.5% in subjects � 10 years
of age. However, the prevalence of HBsAg showed a dramatic
increase to 3.7% in subjects between 11 and 20 years of age, an
increase to 7.9% in subjects between 41 and 50 years of age, and
a decrease to 2.8% with increasing age in subjects � 81 years of
age. The prevalence of previous/ occult HBV infection increased
steadily with age to 56.0% in subjects� 81 years of ages. The preva-
lence of HBV immunity via vaccination decreased with age, from



Table 1
Demographic characteristics of patients, pregnant women, and the healthy population visiting PUMCH, Beijing, 2008–2018 (n = 696,048).

Variable Mean age (yr.) No. of patients /participants % #

Sex Male 46.2 263,591 37.9
Female 42.7 432,457 62.1

Department Health medicine## 41.8 133,491 19.2
Male 42.3 74,263
Female 41.0 59,228
Hepatitis & infectious disease clinics 39.9 11,535 1.7
Male 38.9 6896
Female 41.3 4639
Pregnant women 31.8 35,468 5.1
Others 45.5 515,554 74.1

Age 0–2 N/A 1,581 0.23
3–5 N/A 2,234 0.32
6–10 N/A 3,893 0.56
11–20 N/A 20,394 2.9
21–30 N/A 118,376 17.0
31–40 N/A 175,118 25.2
41–50 N/A 143,229 20.6
51–60 N/A 115,690 16.6
61–70 N/A 71,971 10.3
71–80 N/A 35,799 5.1
� 81 N/A 7,763 1.1

Year 2008 42.0 44,019 6.3
2009 43.0 88,147 12.7
2010 44.7 61,912 8.9
2011 44.6 49,991 7.2
2012 44.0 55,588 8.0
2013 43.6 57,135 8.2
2014 43.7 62,286 8.9
2015 44.3 61,783 8.9
2016 44.5 66,633 9.6
2017 44.5 73,142 10.5
2018 44.8 75,412 10.8

# % value indicates the number of each category that were divided by the total number of study population (n = 696,048).
## The healthy population consisted of employees from companies, schools, hospitals, or government agencies in Beijing who underwent annual health examinations.

Table 2
The definition of different stages of HBV infection on the basis of serological markers.

HBsAg Anti-HBs HBeAg Anti-HBe Anti-HBc

Susceptible � � � � �
Immune via vaccination � + � � �
Previous /occult infection � +/� � +/� +
Inactive HBsAg carrier + � � + +
Active infection + � + � +

Table 3
Prevalence of HBV infection in men and women visiting PUMCH, Beijing, 2008–2018 (n = 696,048).

Men
Pos no. (%)

Women
Pos no. (%)

Total
Pos no. (%)

v2-value P-value

Susceptible 82,756 (31.4) 153,013 (35.4) 235,769 (33.9) 1,161.9 <0.0001##

Immune via vaccination # 68,868 (26.1) 142,036 (32.8) 210,904 (30.3) 3,498.5 <0.0001
Previous /occult infection 87,803 (33.3) 116,586 (27.0) 204,406 (29.4) 3,184.8 <0.0001
Inactive HBsAg carrier 17,246 (6.5) 16,162 (3.7) 33,408 (4.8) 2,820.3 <0.0001
Active infection 5,906 (2.2) 3,937(0.91) 9,843 (1.4) 2,077.7 <0.0001
HBsAg 24,067 (9.1) 2,0683 (4.8) 44,750 (6.4) 5,145.3 <0.0001

# Immune via vaccination, only positive reaction of anti-HBs with concentration � 10mIU/mL (HBV immunity).
## Comparison of prevalence of HBV susceptibility between overall men and overall women; the same patterns were used for other comparisons in Table 3.
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the highest level of 75.5% in subjects less than 2 years of age to
10.5% in subjects� 81 years of ages. The prevalence of HBV suscep-
tibility was almost more than 30% in all age groups of the total
study population.
3.4. Yearly-related prevalence of HBV infection

The yearly-related prevalence of HBV infection is shown in
Table 5, the prevalence of HBsAg was relatively consistent
throughout each year for the entire study period, from 5.7% in
2008–2009 to 6.1% in 2018. The prevalence of HBV susceptibility,
immunity via vaccination and previous/ occult HBV infections
were also stable at around 30% annually from 2008 to 2018.
3.5. Prevalence of HBV infection among the sub-total population

The prevalence of HBsAg was 49.9% (5,757/11,535) among
11,535 patients visiting the hepatitis and infectious disease clinic



Table 4
Prevalence of HBV infection in different age groups of the population visiting PUMCH, Beijing, 2008–2018 (n = 696,048).

Age (yr.) Susceptible
Pos no. (%)

Immune via vaccination
Pos no. (%)

Previous/ occult infection
Pos no. (%)

Inactive HBsAg carrier
Pos no. (%)

Active infection
Pos no. (%)

HBsAg
Pos no. (%)

0–2 212 (13.4) 1,193 (75.5) 163 (10.3) 0 (0) 3 (0.19) 7 (0.44)
3–5 724 (32.4) 1,466 (65.6) 33 (1.5) 2 (0.09) 9 (0.40) 11 (0.49)
6–10 1,742 (44.7) 2,060 (52.9) 69 (1.8) 5 (0.13) 16 (0.41) 22 (0.56)
11–20 7,696 (37.7) 10,772 (52.8) 1,168 (5.7) 259 (1.3) 476(2.3) 747 (3.7)
21–30 31,680 (26.8) 62,133 (52.5) 18,056 (15.3) 3,808 (3.2) 2,436 (2.1) 6,470 (5.5)
31–40 53,264 (30.4) 67,938 (38.8) 42,453 (24.2) 8,377 (4.8) 2,636 (1.5) 11,422 (6.5)
41–50 52,967 (37.0) 32,845 (22.9) 46,055 (32.2) 8,810 (6.2) 2,132 (1.5) 11,318 (7.9)
51–60 45,254 (39.1) 19,582 (16.9) 42,231 (36.5) 6,827 (5.9) 1,405 (1.2) 8,521 (7.4)
61–70 27,656 (38.4) 8,487 (11.8) 31,366 (43.5) 3,711 (5.2) 567 (0.79) 4,418 (6.1)
71–80 12,055 (33.7) 3,756 (10.5) 18,365 (51.3) 1,423 (4.0) 141 (0.39) 1,596 (4.5)
�81 2,519 (32.4) 672 (8.7) 4,349 (56.0) 186 (2.4) 22 (0.28) 218 (2.8)
Total 235,769 (33.9) 210,904 (30.3) 204,406 (29.4) 33,408 (4.8) 9,843 (1.4) 44,750 (6.4)

Table 5
Yearly-related prevalence of HBV infection in the population visiting PUMCH, Beijing, 2008–2018 (n = 696,048).

Year Susceptible
Pos no. (%)

Immune via vaccination
Pos no. (%)

Previous/occult infection
Pos no. (%)

Inactive HBsAg carrier
Pos no. (%)

Active infection
Pos no. (%)

HBsAg
Pos no. (%)

2008 13,724 (31.2) 14,755 (33.5) 12,994 (29.5) 1,917 (4.4) 567 (1.3) 2,526 (5.7)
2009 28,395 (32.2) 28,009 (31.8) 26,707 (30.3) 3,776 (4.3) 1,100 (1.2) 5,008 (5.7)
2010 20,710 (33.5) 17,628 (28.5) 19,513 (31.5) 2,990 (4.8) 944 (1.5) 4,039 (6.5)
2011 17,455 (34.9) 12,959 (25.9) 16,116 (32.2) 2,514 (5.0) 836 (1.7) 3,437 (6.9)
2012 18,255 (32.8) 16,045 (28.9) 17,397 (31.3) 2,891 (5.2) 849 (1.5) 3,859 (6.9)
2013 19,313 (33.8) 16,716 (29.3) 17,184 (30.0) 2,864 (5.0) 875 (1.5) 3,886 (6.8)
2014 21,033 (33.8) 18,762 (30.1) 18,277 (29.3) 3,130 (5.0) 917 (1.5) 4,197 (6.7)
2015 21,736 (35.2) 17,944 (29.0) 17,976 (29.1) 3,066 (5.0) 918 (1.5) 4,115 (6.7)
2016 23,296 (35.0) 20,329 (30.5) 18,611 (27.9) 3,276 (4.9) 950 (1.4) 4,382 (6.6)
2017 25,687 (35.1) 22,906 (31.3) 19,802 (27.1) 3,565 (4.9) 940 (1.3) 4,731 (6.5)
2018 26,165 (34.7) 24,851 (33.0) 19,786 (26.3) 3,419 (4.5) 947 (1.3) 4,570 (6.1)
Total 235,769 (33.9) 210,904 (30.3) 204,406 (29.4) 33,408 (4.8) 9,843 (1.4) 44,750 (6.4)
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[52.7% (3,637/6,896) for male patients and 45.7% for female
patients (2,120/4,639)]. As nearly 50% of the 11,535 patients visit-
ing the hepatitis and infectious disease clinic had chronic HBV
infection, and in order to make our study population (696,048) clo-
ser to community population, data of these 11,535 patients were
removed from the total population and Table 6 was prepared with
the rest (termed sub-total population, n = 68, 4513) of the total
population. The results or trends of the sub-total shown in Tables
6 were similar to results or trends of total population shown in
Table 3.

3.6. Prevalence of HBV infection among the healthy population

There were 133,491 healthy subjects from the health medicine
department who underwent annual health examinations during
the 10 year study period, all of whom were employees from com-
panies, schools, hospitals, or government agencies in Beijing. The
healthy subjects were tested for all five marker of HBV serology
and the results are shown in Table 7. The prevalence of HBsAg
was 4.3% (5, 695/ 133, 491) among the healthy population, 5.2%
Table 6
Prevalence of HBV infection in men and women in a sub-total population visiting PUMCH

Men
Pos no. (%)

Women
Pos no. (%)

Susceptible 81,789 (31.8) 152,199 (35.6)
Immune via vaccination 67,823 (26.4) 141,272 (33.0)
Previous/occult infection 86,534 (33.7) 115,648 (27.0)
Inactive HBsAg carrier 15,123 (5.9) 14,814 (3.5)
Active infection 4,550 (1.8) 3,234 (0.76)
HBsAg 2,0430 (8.0) 18,563 (4.3)

Sub-total population: the total populations of 696,048 were subtracted by 11,535 patie
# Comparison of prevalence of HBV susceptibility between men and women; the sam
(3,869/74,263) for men and 3.1% (1,826/59,228) for women. Men
also had a significantly higher prevalence of previous / occult
HBV infection, inactive HBsAg carrier, active HBV infection, and
HBsAg than women (v2 = 81.9–414.6, P < 0.0001). Women had a
significantly higher prevalence of immunity via vaccination than
men (v2 = 518.1, P < 0.0001).

3.7. Comparison of prevalence of HBV infection among adult age
groups

Comparison of prevalence of HBV infection among four age
groups between the adult healthy population and adult sub-total
population are shown in Table 8. The prevalence of HBV suscepti-
bility and HBsAg (including inactive HBsAg carrier and HBV active
infection) were significantly lower in four age groups (21–30 y, 31–
40 y, 41–50 y and 51–60 y) among the healthy population than the
sub-total population (v2 = 90.7–857.2, P < 0.0001). In contrast, the
prevalence of HBV immunity via vaccination was significantly
higher in the four age groups among the healthy population than
the sub-total population (v2 = 567.8–2,024.1, P < 0.0001).
, Beijing, 2008–2018 (n = 68, 4513).

Total
Pos no. (%)

v2-value P-value

233,988 (34.2) 983.1 <0.0001 #

209,095 (30.5) 3,293.6 <0.0001
202,182 (29.5) 3,438.1 <0.0001
29,937 (4.4) 2,262.2 <0.0001
7,784 (1.1) 1,473.9 <0.0001
38,993 (5.7) 3,912.7 <0.0001

nts visiting the hepatitis & infectious disease clinic.
e pattern was used for other comparisons in Table 6.



Table 7
Prevalence of HBV infection in men and women of healthy populations, PUMCH, Beijing, 2008–2018 (n = 133,491).

Men
Pos no. (%)

Women
Pos no. (%)

Total
Pos no. (%)

v2-value P-value

Susceptible 19,043 (25.6) 15,760 (26.6) 34,803 (26.1)
Immune via vaccination 29,129 (39.2) 26,898 (45.4) 56,027 (42.0) 518.1 <0.0001 #

Previous /occult infection 22,214 (29.9) 14,743 (24.9) 36,957 (27.7) 414.6 <0.0001
Inactive HBsAg carrier 3,199 (4.3) 1,566 (2.6) 4,765 (3.6) 264.5 <0.0001
Active infection 580 (0.78) 232 (0.29) 812 (0.61) 81.9 <0.0001
HBsAg 3,869 (5.2) 1,826 (3.1) 5,695 (4.3) 364.4 <0.0001

# Comparison of prevalence of HBV immunity via vaccination between men and women of the healthy population; the same pattern was used for other comparisons in
Table 7.

Table 8
Comparison of prevalence of HBV infection among four age groups between the healthy and sub-total populations visiting PUMCH, Beijing, 2008–2018.

Age (yr.) Susceptible
Pos no. (%)

Immune via vaccination
Pos no. (%)

Previous/occult infection
Pos no. (%)

Inactive HBsAg carrier
Pos no. (%)

Active infection
Pos no. (%)

HBsAg
Pos no. (%)

21–30# 5,778 (20.7) 17,245 (61.9) 4,163 (14.9) 461 (1.6) 209 (0.75) 681 (2.4)
21–30## 31,272 (27.1) 61,351 (53.1) 17,728 (15.4) 3,096(2.7) 1,738 (1.5) 4,999(4.3)
v2 474.7### 686.8 209.9
P-value <0.0001 <0.0001 <0.0001
31–40 9,838 (24.6) 18,242 (45.7) 10,090 (25.3) 1,445(3.6) 264 (0.66) 1,743(4.4)
31–40 52,857 (30.7) 67,414 (39.2) 41,935 (24.4) 7,318(4.3) 2,056 (1.2) 9,713(5.6)
v2 576.5 567.8 103.8
P-value <0.0001 <0.0001 <0.0001
41–50 9,592 (28.7) 11,228 (33.6) 10,636 (31.9) 1,668 (5.0) 217 (0.65) 1,926 (5.8)
41–50 52,577(37.3) 32,669 (23.2) 45,573 (32.3) 8,102 (5.7) 1,793(1.3) 10,223(7.2)
v2 857.2 1572.7 90.7
P-value <0.0001 <0.0001 <0.0001
51–60 6,070 (29.4) 6,283 (30.5) 7,214 (35.0) 854 (4.1) 84 (0.41) 962 (4.7)
51–60 44,939 (39.4) 19,463 (17.1) 41,856 (36.7) 6,255 (5.5) 1,210 (1.1) 7,725 (6.7)
v2 739.8 2,024.1 128.7
P-value <0.0001 <0.0001 <0.0001

Sub-total population (n = 68, 4513): the total populations of 696,048 were subtracted by 11,535 patients visiting the hepatitis & infectious disease clinic.
# Age group located at upper line represents the age group from normal population; age groups located at other upper lines in Table 8 were also from normal population.

## Age group located at down line represents the age group from sub-total population; age groups located at other down lines in Table 8 were also from sub-total population.
### Comparison of prevalence of HBsAg between 21 and 30 age group of normal population and 21–30 age group of sub-total population, same pattern was used for other
comparisons in Table 8.
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3.8. Prevalence of HBV infection in subjects born during and after 1992

The prevalence of HBsAg, HBV susceptibility, and immunity via
vaccination in subjects born in 1992 and later are shown in Fig. 1.
The prevalence of HBsAg in the population born in 1992 was 5.9%
and decreased annually, to 1.5% and less than 1% for those born in
2001 and 2002, respectively. The prevalence of immunity via vac-
cination increased steadily, and the prevalence of HBV susceptibil-
ity decreased in populations born in 2004–2005 and later.
4. Discussion

The prevalence of HBsAg in 2015 among randomized the resi-
dent population aged 0–59 in Hangzhou, Eastern China was
6.19% [15] and 6.1% among the general Chinese population aged
1–59 years [16]. As shown in Table 3, the overall prevalence of
HBsAg was 6.4% among the total 696,048 samples from patients,
pregnant women and healthy subjects following routine examina-
tions. The first limitation of our study was that our samples were
from a single center, therefore the prevalence of HBV infection
may not be representative of the general population. However,
due to the large sample size and since half the patients were from
outside of Beijing, our results may represent a slightly wider geo-
graphical range within China. The second limitation of our study
was that the subjects were not actually asked whether they had
been vaccinated. So the percentage of population with anti-HBs
at the concentration � 10mIU/mL in our study was lower than
the percentage of population who were actually immunized with
HBV vaccine because there were many people who lost antibody
over time or had no responses to the vaccination.

Similar to other reports [8,16–17]; men always had significantly
higher prevalence of HBsAg than women in our study (Table 6).
This sex difference occurred not only in the ill population but also
among healthy subjects undergoing routine examinations, and in
patients visiting the hepatitis & infectious disease clinic. Further-
more, men were also found to have a significantly higher preva-
lence of previous / occult HBV infection and significantly lower
prevalence of immunity via vaccination than women in the total
study population, in the sub-total population (Table 6) and in the
healthy population (Table 7).

As shown in Fig. 1, it took 10 years to reduce the prevalence of
HBsAg from 5.9% among populations born in 1992 to less than 1%
among those born in 2002 due to the gradual increase of vaccina-
tion coverage since its implementation in 1992. There was a retro-
gression of HBV vaccination campaigns among subjects born
between the years 2000 to 2004/5 because of a serial decrease in
vaccine-induced immunity with a slight increase in participants
from the susceptible population. The turning point was 2004–
2005 when subjects born then and after were found to have stea-
dily increasing incidence of immunity via vaccination and
decreased incidence of HBV susceptibility.

The prevalence of HBsAg was around 0.5% in subjects� 10 years
of age (Table 4). This finding, those shown in Fig. 1, and the find-
ings of other studies [7–8,18–20] indicate that a HBV immuniza-
tion program with high coverage has been established among
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infants and young children in China. However, the prevalence of
HBsAg among populations aged 11–20 y increased to 3.7% and
7.9% among the age group 41–50 y. This is due to a decrease in
immunity via vaccination from nearly 50% to 20% and the suscep-
tibility rate remained more than 30% (Table 4), causing a circula-
tion (horizontal transmission) of HBV infection among youths
and adults, independent from immunized infants and young chil-
dren. Furthermore, this horizontal HBV circulation (indicated as
previous / occult HBV infection) continued with ages and went to
population over 81 years old. Interestingly, the prevalence of
HBsAg decreased in populations � 51 years old, because the num-
ber of deaths of patients with HBsAg exceeds the number of newly
emerged patients with HBsAg due to horizontal HBV infection.

Unfortunately, during the 10 years from 2008 to 2018 as shown
in Table 5, the prevalence of susceptibility, previous / occult HBV
infection, inactive HBsAg carrier, active HBV infection, and HBsAg,
did not decline and prevalence of HBV immunity via vaccination
was not found to increase despite the consistent administration
of HBV vaccinations since 1992. These results confirm that HBV
vaccination among infants and young children alone could not
reduce the prevalence of HBV infection in the adult population
rapidly, otherwise we have to wait 60 years to see the decrease
of HBV infection when these immunized infants and young chil-
dren reach old age. Vaccination in adults is urgently needed to
reduce HBV infection in China [21] and the catch-up vaccination
can yield a good immune response in adults [22,23]. Also, 90% of
anti-HBs seroconversion can be achieved in the standard schedule
of vaccination in healthy adults [24].
Adult subjects with low prevalence of susceptibility and high
prevalence of immunity via vaccination were found to have a
low prevalence of HBsAg. As shown in Table 8, all four age groups
(21 � 30y, 31 � 40y, 41 � 50y and 51 � 60y) of the healthy adult
population were found to have a significantly lower prevalence of
HBV susceptibility and higher prevalence of immunity via vaccina-
tion than the corresponding four age groups of the sub-total pop-
ulation (v2 = 90.7–857.2, P < 0.0001). Meanwhile, all four age
groups of the healthy adult population were also found to have a
significantly lower prevalence of inactive HBsAg carrier, active
HBV infection, and HBsAg than the four groups of sub-total popu-
lation (v2 = 567.8–2.024.1, P < 0.0001). Therefore, the comparison
between the adult healthy and adult sub-total populations, the lat-
ter were defined as total population subtracted by patients visiting
the hepatitis and infectious disease clinic, have indicated that HBV
vaccination in the adult population will cause a low incidence of
HBV susceptibility and subsequently reduce the incidence of
HBsAg.

The World Health Assembly approved the WHO global health
sector strategy on viral hepatitis 2016–2021 to eliminate hepatitis
B disease by 2030 with a target of reducing new infections by 90%
and mortality by 65% [25]. Two Chinese studies [26,27] suggested
giving priority to diagnosis and treatment of HBV infected patients
in order to reduce mortality by 65%. But reducing new infections by
90% by 2030 will be a challenge in China. Based on our survey,
most of new HBV infections were coming from unimmunized
youths and adults (Table 4). HBV vaccination in adults or catch-
up vaccinations are currently neither an urgent need nor a priority
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in China, although it is the most economical and effective way to
control HBV infection in adults. The procedure of implementation
of HBV catch-up vaccination seems simple; youths and adults
without documentation of previous HBV infection or vaccination
should be tested for anti-HBs and persons without anti-HBs should
be vaccinated. The universal screen of anti-HBs and HBV vaccina-
tion in adults above is the most effective way to reduce HBV infec-
tion in adults but it may be difficult to implement due to huge
population in China. An alternative way may start at high risk pop-
ulation such as MSM, intravenous drug users, dialysis recipients
etc. This alternative way may combine with upcoming HCV eradi-
cation strategy in some countries [28,29], in which both anti-HBs
and anti-HCV are screened to find HBV susceptible individuals
and HCV infected patients among the high risk populations. HBV
vaccination will be implemented in the former and direct-acting
antiviral (DAA) therapy followed in the latter. However, potential
unwillingness to be immunized among HBV susceptible adults
could be problem, even among Chinese health care workers [30].

5. Conclusions

Hepatitis B virus (HBV) has a worldwide distribution and
remains a leading public health problem in China. We used auto-
mated chemiluminescence microparticle immunoassay to test all
five markers of HBV serology in serum samples among 696,048
patients, pregnant women, and normal subjects in Beijing from
2008 to 2018. During the 10 years, the prevalence of HBsAg was
around 0.5% in subjects � 10 years of age, but total prevalence of
HBsAg was stabilized at about 6.0%, and indicators of HBV suscep-
tibility, previous / occult HBV infection, and immunity via vaccina-
tion were not further improved despite the constant
implementation of HBV vaccination since 1992. Although high cov-
erage has been established among infants and young children,
their vaccination alone could not reduce HBV infection in the adult
Chinese population quickly. Adult populations with more vacci-
nated individuals are found to have fewer individuals with HBsAg.
Vaccination in adults or at least in high-risk adults is an urgent
need to decrease horizontal HBV transmission in China.
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