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Abstract

Background: Hepatitis B virus (HBV) infection is a major public health burden in China although it has steadily
declined over the last two decades. A valid updated prevalence of HBV infection in China relies on a large sample
size. Hence this study aimed to estimate HBV seroprevalence using a large inpatient population in Northeast China.

Methods: We consecutively enrolled 218,627 inpatients aged 1–70 years admitted to the First Hospital of Jilin
University from January 2010 through December 2014. HBV serological markers were detected by
chemiluminescence immunoassay (CLIA).

Results: Among the 218,627 collected samples, 16,254 (7.43%) were positive for HBsAg and 41.64% of patients
were negative for all the HBV markers. The highest HBsAg prevalence was 10.05% in the 41–50 year age group and
the lowest were 0.47% in the 1–10 and 2.35% in the 11–20 year age groups, respectively. HBsAg positivity was
higher in males compared to females (8.94% vs. 5.80%). An HBsAg positivity of nearly 14% was found in middle-
aged males, and positivity was 6.2% in females of childbearing age. One-third of this population only had a single
HBsAb marker, which was also detected in 60% of patients aged under 20 years.

Conclusion: Though universal hepatitis B vaccination of infants has significantly reduced HBsAg prevalence in
children, the number of most adults who have been infected with HBV remains steady. Extra care and resources
should be provided to HBV-infected middle-aged males to stop the progression of chronic hepatitis B, and HBsAg
positive females of childbearing age to block vertical HBV transmission.
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Background
Hepatitis B virus (HBV) infection remains a huge public
health burden in China [1, 2] despite the success of
HBV vaccination. Hepatitis B vaccine was first intro-
duced into China in 1978 [1]. In 1985, China initiated
HBV vaccination in a small population with a
plasma-derived hepatitis B vaccine [3]. In 1992, the
Chinese Ministry of Health recommended that infants
be routinely vaccinated against HBV, but recipients were
charged for both the vaccine and service [4]. As a result,
higher percentages of infants in the more affluent larger
cities on the eastern coast of China received HBV

vaccination compared to infants inland and in rural
areas [5]. In 2002, China integrated HBV vaccination
into an expanded national immunization program in
which HBV vaccines were free of charge [6]. Further-
more, the service fees for HBV vaccination were waived
in 2005 [7]. In 2009, China enacted a new policy that en-
abled children < 15 years of age who had not been vacci-
nated to receive free vaccinations [8]. In 2011, China
started a new program that combined the prevention of
mother-to-child transmissions of HIV, syphilis, and HBV
in 1156 counties (representing 44% of pregnant women
in China) and then expanded it nationwide to cover all
pregnancies in 2015 [9].
Since this universal HBV vaccination strategy was im-

plemented among infants from the early 1990s, HBsAg
seroprevalence in China has decreased, particularly
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among children [10]. In 1992, just before the implemen-
tation of the universal HBV vaccination of infants, a na-
tionwide survey sampling 61,702 participants across 30
provinces in mainland China found that the overall
HBsAg positivity was 9.8% (range: 4.5–17.9%) [11]. In
that survey, HBsAg positivity in male and female chil-
dren aged ≤4 years was 10.7 and 8.5%, respectively; for
male and female children aged 5–14 years the figures
were 12.4 and 8.9%, respectively. Peak HBsAg positivity
occurred in both males and females aged 10–14 years,
but similar HBsAg-positive percentages remained until
50–59 years of age. In 2006, another national survey of
HBsAg seroprevalence was conducted among individuals
aged 1–59 years to update HBV epidemiology in China.
The 2006 study found that HBsAg positivity had fallen
to 7.2% in the general population (sample size: 81,775).
Although 2.42% positivity was found in children aged 5–
14 years, only 1.0% of children aged ≤4 years were
HBsAg positive [4]. The latest national survey of hepa-
titis B virus infection conducted in 2014 (sample size:
31,713) only covered people aged 1–29 years. HBsAg
prevalence among participants aged 1–4, 5–14, and 15–
29 years was 0.3, 0.9, and 4.4%, respectively [3].
Sample sizes of the three prior national surveys were

relatively small considering the population of mainland
China is nearly 1.4 billion people. Moreover, few studies
had larger sample sizes with wide range of age recently.
To update the current HBV infection in northeast

China, we performed a serological survey of HBV infec-
tion in a large number of inpatients. This study also con-
sisted of specialized disease cohorts. Admitted patients
routinely received HBV-infection screening if high-risk
factors for HBV infection were identified; if blood trans-
fusions were received during surgeries, invasive proce-
dures, dialysis, or pregnancy; or if iatrogenic infection
and transmission were possible [12–14].

Methods
Study population
This cross-sectional study retrospectively reviewed the
records of inpatients admitted to the First Hospital of
Jilin University from January, 2010 through December,
2014. This hospital is the largest general hospital in Jilin
Province with nearly 5500 inpatients beds. Patients come
from not only the Changchun metropolitan region, but
also from over 50 counties province-wide (over 27 mil-
lion residents in 2014). A total of 694,826 admissions oc-
curred during the study period. Patients receive HBV
tests if indicated at high risk for HBV infection or before
blood exposure including surgeries, invasive procedures,
dialysis, and pregnancy. A total of 264,358 inpatients
screened for HBV markers were initially included in the
study (38.05% of all admissions). A small percentage—
3.34% (8819 inpatients)—were excluded because of

missing and incomplete data. Patients younger than 1
year or older than 70 years were excluded because of in-
complete immunization and medical records. Finally,
218,627 patients were enrolled into this study (Fig. 1).

Serological testing
Venous blood (3–5 ml) was collected in anticoagulated
tubes from patients on the next morning after admission
and separated within 24 h. All blood samples were
screened using the same methods/techniques and the
same valid reagents were provided by Abbott Laborator-
ies. HBV serological markers including HBsAg, HBsAb,
HBeAg, HBeAb, and HBcAb were quantitatively de-
tected using chemiluminescence immunoassay (CLIA) in
an Architect i2000 SR instrument (Abbott Laboratories,
Lake Forest, IL, USA).

Statistical analysis
The data for all subjects were collected and sorted using
Microsoft Excel 2013 (Microsoft Corporation, New
York, USA) software; SPSS v21.0 (IBM Analytics, New
York, USA) software was used for the statistical analysis.
Gender ratio and positivity rate for HBV markers in dif-
ferent age groups are expressed as percentages. The
Chi-squared test (χ2) was used to compare the signifi-
cances in differences between groups. P values < 0.05
were considered statistically significant.

Results
Characteristics of the study population (Table 1)
A total of 218,627 patients were finally included in this
study. Aged ranged from 1 to 70 years (mean age, 43.38
± 18.24 years). Patients were divided into 10-year age
groups: 1–10, 11–20, 21–30, 31–40, 41–50, 51–60, and
61–70 years; 52.05% (n = 113,789) of the subjects were
male and 47.95% (n = 104,838) were female.

Distribution of HBV makers in different groups (Table 1)
Overall, 16,254 subjects (7.43%) were HBsAg positive.
Males had a significantly higher HBsAg positivity than
females (P < 0.001). HBsAg positivity varied significantly
among different age groups. The highest rate was found
in the 41–50 year age group (10.05%), and the lowest
was in the under 10 years age group (0.47%). HBsAg
positivity was the highest among patients with liver dis-
eases; 6.2% of women of childbearing age(15–49 years)
were HBsAg positive.
Nearly half of the enrolled patients were HBsAb posi-

tive. The total HBcAb positivity was 26.67%.

Combinations of HBV markers in different groups (Table 2)
The positivity for more than one HBV marker reflected dif-
ferent HBV-infection statuses; 33.50–44.69% of the studied
population were negative for any of the combinations of
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HBV markers. HBeAg-positive HBV infection accounted
for 31.04% of the total HBsAg-positive population. Most
HBeAg-positive patients were in the 21–30 year age group.
Peak HBeAb positivity was seen in the 41–50 year age
group. A singular HBsAb positivity reflected HBV vaccin-
ation and the highest rate was detected in the 1–10 year
age group.

Comparison of HBsAg positivity between males and
females in different age groups (Table 3)
HBsAg positivity in males was 8.94 and 5.80% in fe-
males. Male patients aged 41–50 years had the highest
HBsAg positivity (13.36%), while in females the highest
HBsAg positivity (6.90%) occurred in those aged 51–60
years. No significant difference was found between gen-
ders in patients aged under 20 years old. Higher HBsAg
positive percentages were found in males than females
in each age group in patients aged over 20 years old.

HBcAb positivity at different age groups who were HBsAg
positive or negative (Fig. 2)
Overall, 58,320 (26.67%) patients were HBcAb positive.
Of those, 16,254 (27.87%) were HBsAg positive. Figure 2
shows the percentages of HBcAb positivity by HBsAg,
gender, and age. The percentage of HBcAb positivity

tended to increase with age. The HBcAb positivity in
males plateaued after the age of 40 years, but kept in-
creasing with age in females. For those aged over 20
years, HBcAb positivity in males was higher than in fe-
males. The percentages of HBsAg- and HBcAb+ inpa-
tients also increased with age.

Discussion
The number of participants enrolled in previous national
surveys was 61,702 in 1992, 81,775 in 2006, and 31,713
in 2014, representing relatively small sample sizes for a
national survey. The current study investigated HBV in-
fection in a much larger sample of 218,627 hospitalized
patients, and HBV serological markers were determined
by CLIA, giving a higher sensitivity than enzyme-linked
immunosorbent assay(ELISA) [15]. Results of this study
reflect current HBV infection rates in northeast China.
The main findings were (1) 6.2% of women at childbear-
ing age were HBsAg positive; (2) HBsAg positivity in
middle-aged male patients was 13.36%, which was the
highest among all the age groups; and (3) 60% of pa-
tients aged under 20 years were only positive for HBsAb,
which was the highest among all age group. Overall,
nearly 40% of the study population lacked protection
against HBV infection.

Fig. 1 Patients selection flowchart
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HBsAg positivity among participants aged 1–20 years
was 1.1%. These patients were born after 1992 when hepa-
titis B vaccination of infants was first recommended. A
dramatic decrease of HBV infection was seen in those pa-
tients born after 2002 when hepatitis B vaccination was
formally integrated into routine immunization of infants.
The impact of HBV vaccination on reducing HBV vertical
transmission identified by this study was consistent with
previous international studies [16–19]. In addition, the re-
duced HBsAg prevalence also reduced the incidence of
liver cirrhosis and hepatocellular carcinoma [20]. The
highest HBsAg positivity rate was detected in patients
aged 41–50 years, reflecting the fact that they were likely

infected before 1992 and continued to carry HBV infec-
tion until this study [21, 22]. Another factor was that those
participants aged over 20 years tend to experience more
risky behaviors, like unsafe injection and blood tranfusion,
making them more vulnerable to HBV infection, com-
pared with patients aged under 20 years.
The percentage of HBsAg positivity was higher in in

the male age groups > 20 years than their female coun-
terparts, and the difference between both genders in-
creased with age. These results were consistent with the
2006 national survey and other studies [4, 23–25]. An-
drogen may inhibit both cellular and humoral immune
responses. However, estrogen appears to only inhibit the

Table 1 Positivity rate for five HBV markers in different groups

Variables Total, n HBsAg, % HBsAb, % HBeAg, % HBeAb, % HBcAb, %

Gender Male 113,789 8.94 46.58 2.98 16.46 28.27

Female 104,838 5.80 47.21 1.59 16.18 24.93

Age group 1–10 19,489 0.47 66.27 0.30 2.27 4.45

11–20 9846 2.35 60.87 1.52 3.04 6.10

21–30 20,685 6.74 53.48 3.28 11.95 19.59

31–40 27,531 9.19 47.59 3.34 17.59 27.57

41–50 48,475 10.05 41.35 3.17 19.42 30.57

51–60 54,947 8.85 41.83 2.30 20.17 32.58

61–70 37,654 6.04 43.54 1.19 18.97 33.12

Department Cardiovascular 19,770 4.39 45.32 0.80 16.34 23.34

Dermatology 1644 4.14 54.38 0.91 13.14 26.34

Emergency 1981 12.17 42.66 4.49 21.76 47.40

Endocrinology 988 12.96 45.65 3.74 24.09 47.27

ENT 11,403 3.33 52.38 0.89 8.55 11.14

Gastroenterology 2859 10.11 45.58 2.62 24.55 48.16

Gynecology 3827 7.50 46.51 3.27 13.30 20.22

Hepatology 9865 42.35 29.56 20.24 35.76 70.69

ICU 702 10.40 48.01 3.28 24.22 48.86

Infectious Diseases 3686 8.19 46.66 2.71 20.24 41.70

Neurology 9417 5.72 42.36 1.17 17.50 26.72

Obstetrics 12,124 5.22 47.77 1.28 15.25 20.24

Oncology 6693 8.96 46.87 2.23 22.62 46.48

Ophthalmology 2734 5.08 44.70 1.10 12.84 17.70

Others* 3421 6.64 51.39 1.37 19.29 32.62

Pediatrics 13,003 0.57 70.81 0.37 3.75 7.14

Respiration 5253 7.25 45.84 1.87 21.19 44.87

Rheumatology 3139 4.24 48.96 0.80 17.36 37.11

Surgery 102,791 6.30 45.54 1.54 15.76 23.45

Nephrology 3327 7.27 43.76 2.86 17.40 40.28

Total 218,627 7.43 46.88 2.31 16.33 26.67

The positivity rate for HBV markers is presented as a percentage
There were significant differences in HBsAg, HBsAb, HBeAg and HBcAb positivity between genders. No significant differences between genders were found
between genders in positivity rate for HBeAb
*VIP wards, Rehabilitation Department, Department of Traditional Chinese Medicine
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cellular immune response while it may enhance the
humoral immune response. In addition, progesterone
promotes the transformation of cellular immunity to the
humoral immune response [26, 27]. The sex hormones
may contribute to the diverse between genders with age
growing. Females were more likely to have HBsAg sero-
conversion. A notable finding among subjects aged
under 20 years was that there was no significant differ-
ence in HBsAg positivity between males and females, as
they had the same opportunity to access HBV vaccin-
ation independent of gender.
HBsAg positivity in women of childbearing age was

6.2%, which was much lower than the figure (11.8%) re-
corded from Fujian Province [28], which has a more de-
veloped economy than Jilin Province. This study
conducted in 2013 explained that the high prevalence of
HBsAg attributed to lack of consciousness from insuffi-
cient educational attainment and rural residency.
HBsAg-positive pregnant women remain a significant
challenge in blocking HBV vertical transmission as regu-
lar HBV vaccination schedule may fail to protect new-
borns from perinatal HBV infection.

Among patients aged under 20 years, HBsAg positivity
increased with older age while HBsAb positivity de-
creased with older age. 60% of this population were
HBsAb positive, reflecting successful HBV vaccination.
This protective percentage resembled the result from
Chengdu City [29]. Some factors, including low HBV
vaccination coverage rate of 3 doses in rural areas, the
quality of vaccines and cold chain operation for vaccine
storage and transport, failed to make the HBsAb positiv-
ity higher in patients aged under 20 years. However the
most important factor could be waning protection over
time after the scheduled HBV vaccination. A previous
study concluded that booster doses should be unneces-
sary for children after a full primary immunization
owing to long lasting immune memory [30]; 41.64% of
this population were negative for any HBV markers, sug-
gesting they were neither exposed to HBV, nor vacci-
nated. If they were at high risk for HBV infection in the
future, then HBV vaccination is highly recommended.
HBcAb positivity increased with age, independent of

gender. As reported, HBcAb positivity increased with
older age in younger age groups. However it then de-
creased in the oldest age groups [31], which is likely a
consequence of spontaneous clearance, antiviral therapy,
or increased mortality of cirrhosis and hepatocellular
carcinoma [32]. HBsAg-negative/HBcAb-positive status
is generally interpreted as having previous HBV expos-
ure, but it could also indicate occult HBV infection [33],
as defined as undetectable serum HBsAg accompanied
by detectable HBV-DNA in serum and/or liver tissue
[34]. A study from Italy found that more than 50% of
HBcAb-positive subjects had detectable HBV DNA in
their liver tissues [35]. In the current study, HBcAb posi-
tivity among HBsAg-negative patients was 19.29%, al-
though we were unable to determine exactly how many
of them had occult HBV infection. A recent study from
Heilongjiang Province (a northeast neighbor to Jilin

Table 2 Positivity rate for different combinations of HBV markers among different groups

Combinations n HBsAg+
HBeAg+
HBcAb+

HBsAg+
HBeAb+
HBcAb+

HBsAb+ HBsAb+
HBcAb+

HBeAb+
HBcAb+

HBcAb+ HBsAb+
HBeAb+
HBcAb+

All negative Other combinations

Gender Male 113,789 2.64 5.50 31.53 6.18 2.15 2.55 8.49 40.13 0.83

Female 104,838 1.45 3.95 31.74 5.05 1.83 2.03 10.25 43.27 0.42

Age group
(years)

1–10 19,489 0.26 0.05 62.21 1.56 0.02 0.19 2.08 33.50 0.13

11–20 9846 1.41 0.71 57.33 1.19 0.05 0.35 2.14 36.59 0.22

21–30 20,685 3.14 3.18 41.53 3.66 0.58 0.63 7.98 38.80 0.49

31–40 27,531 2.99 5.48 31.56 5.19 1.29 1.38 10.62 40.74 0.76

41–50 48,475 2.81 6.39 24.63 5.76 2.04 2.14 10.67 44.69 0.89

51–60 54,947 2.03 6.07 23.79 6.82 2.87 3.15 10.95 43.56 0.77

61–70 37,654 1.02 4.57 24.14 8.45 3.49 4.48 10.69 42.66 0.48

Total 218,627 2.07 4.76 31.63 5.64 2.00 2.30 9.33 41.64 0.64

Table 3 Gender differences in the HBsAg-positive rate among
all age groups

Age group
(years)

Male Female χ2 P-value

HBsAg,
n

HBsAg,
%

HBsAg,
n

HBsAg,
%

1–10 67 0.51 25 0.39 1.437 0.231

11–20 137 2.37 94 2.31 0.038 0.846

21–30 765 8.04 629 5.63 47.278 < 0.01

31–40 1589 12.47 940 6.36 306.344 < 0.01

41–50 3178 13.36 1694 6.86 566.363 < 0.01

51–60 3068 10.6 1793 6.90 232.288 < 0.01

61–70 1369 6.86 906 5.12 49.927 < 0.01

Significant difference between genders in patients aged over 20 years
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Province) [36] showed that nearly 1 out of 10 patients
with negative HBsAg had occult HBV infection. Immuno-
therapy or chemotherapy may reactivate occult HBV in-
fection and outcomes can be fatal. HBsAg-negative/
anti-HBc-positive patients should therefore be closely
monitored if their immunity is expected to be compro-
mised by such a treatment or procedure.
Most surveys utilized ELISA for detecting HBV sero-

logical markers. However, CLIA was used in this study.
Both ELISA and CLIA could equally detect HBV antigen
and antibody titers. However, there is a significant differ-
ence in detection sensitivity between the two: CLIA is more
sensitive (96.45%) compared to ELISA (77.3%) [37, 38]
when serum HBsAg level is low [15].
Consistent with earlier studies [39, 40], nearly 14% of

middle-aged male patients had HBV infection in this
study and they were considered at high risk for advanced
liver diseases and should be closely monitored. Many of
these patients are unaware of their HBV-infection status,
so a routine HBV marker test should be carried out in
this group.
There are a few limitations in this study. First, the par-

ticipants enrolled in this study are not representative of
all inpatients or the general population since only pa-
tients who met the criteria for screening HBV infection
were included. This population was based in a single
hospital. The patients enrolled were not from random
sampling. HBV infection prevalence detected in this in-
patient population was expected to be higher while
HBsAb positivity was lower comparing to the general
population. Second, the patients in the study were only

from Jilin Province, with no representation from outside
this province. In future studies, we will include partici-
pants from throughout China to update HBV infection
at a national level.
Our results highlight the critical impact of universal

HBV vaccination of infants and young children on HBV
infection prevalence in mainland China. Our findings re-
affirm many previous studies, which showed significant
decreases in HBsAg positivity mainly driven by the suc-
cessful implementation of universal hepatitis B vaccin-
ation policy. Indeed, China has evolved from high to
intermediate HBV endemicity. It is expected that en-
demicity will decrease further. Despite this remarkable
achievement, China still faces an enormous challenge to
manage nearly 100 million people with chronic HBV in-
fection of who only 1% received standard antiviral treat-
ment. One goal in managing HBV infection is to
diagnose 90% of HBV infected cases by 2030 [41].

Conclusions
HBsAg prevalence in young children (aged < 15 years)
has declined from around 12% in 1992 to 0.47% in this
study due to successful implantation of HBV vaccination
of infants and young children during the past 22 years
(until 2014) in China. However, more than 6.2% of
women of childbearing age in this study were HBV in-
fected and they may continue to vertically transit HBV
infection if HBV vaccination fails to protect infants. In
addition, China remains a country with nearly 100 mil-
lion people that are chronically HBV infected.

Fig. 2 Distribution of HBcAb positivity by age groupsM: Male, F: Female. Significant differences between male and female patients aged
over 20 years.
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Despite these challenges, we are committed to redu-
cing HBV prevalence among children aged 5 years to
0.1% and to have 80% of eligible persons with chronic
hepatitis B virus infection treated by 2030, which are
goals set by the World Health Assembly (WHA) in
2016 [42].
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