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Hepatitis B is a major health problem in China. However, little is known about the prevalence of hepatitis
B virus (HBV) in Kaifeng, the major urban capital of Henan province, China. We found that HBV preva-
lence increased with age and that chronic HBV was predominant in adult males in Kaifeng. The HBV prev-
alence remained unchanged over a 5-year period for all age groups. Alarmingly, 25% of the population
remained unvaccinated and potentially susceptible to future HBV infection. HBV immunization and health
education initiatives should be carried out in this population to further reduce the overall prevalence of

HBV.
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Hepatitis B virus (HBV) infection is the main risk factor
for hepatocellular carcinoma. Hepatitis B vaccination is
the most effective measure to prevent HBV infection.
For those who are already infected with HBV, progres-
sion to chronic liver disease can occur and be treated
with antiviral agents. However, this contributes to a sig-
nificant healthcare-associated cost to the economy. HBV
is endemic in China. The prevalence of HBV infections
in China remains high [1] despite the introduction of the
National Expanded Programme on Immunization. Fur-
thermore, there is a stark difference in HBV infection
rates among different regions in China [2]. Although the
HBV sero-prevalence in Henan province have been
reported [3], little is known about the prevalence of HBV
in Kaifeng, the major urban capital of Henan province. A
general population-based study on the prevalence of
HBYV was therefore conducted in Kaifeng between 2013—
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2017.

This retrospective survey was conducted at Kaifeng
Central Hospital, Kaifeng, China based on data from
January 2013 and December 2017. Approval by the Hos-
pital Ethics Committee waived the need for informed
consent. Kaifeng Central Hospital is designated as a
health care centre by the Kaifeng City government. The
total number of subjects that visited the hospital
between 2013 and 2017 was over 220,000. However, this
study only included samples from subjects who visited
the hospital for general health routine check-ups.
Venous blood serum from 52,848 subjects (27,400 men
and 25,448 women from age 10 to 97 years old) were
obtained and subjected to enzyme-linked immunosor-
bent assay (ELISA) for HBV surface antigen (HBsAg)
(Kehua HBsAg kit, Cut-off value > 0.1 x mean absor-
bance of negative control (N), Shanghai Kehua Biotech,
Shanghai, China) and antibodies against HBV surface
antigen (anti-HBs) and total HBV core antigen (anti-
HBc) (Kehua Anti-HBs and Anti-HBc kits, Cut-off value
> 2.1 x N, Shanghai Kehua Biotech, China) by aid of the
Freedom EVO-2 Clinical 150 liquid handler (Tecan,
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Table 1. Pooled prevalence of HBV infection and vaccine-induced immunity of Kaifeng Central Hospital patients throughout

study period (2013-2017).

Vaccine-induced
immunity (n =31228)

Chronic infection
(n=2443)

Susceptible
(n=13431)

All patients Past and present
(n=52848) infection (n = 7838)
Age
Mean (SD) 49.57 (15.09) 50.42 (14.54)
Median (IQR) 50 (21) 50 (20)
Min, Max 10, 97 10, 97
10-19 Years N(%) 672 (1.3) 35(0.4)
20-29 Years N(%) 5089 (9.6) 584 (7.5)
30-39 Years N(%) 8255 (15.6) 1300 (16.6)
40-49 Years N(%) 11824 (22.4) 1814 (23.1)
50-59 Years N(%) 12736 (24.1) 1923 (24.5)
60-69 Years N(%) 8876 (16.8) 1354 (17.3)
70-79 Years N(%) 4323 (8.2) 651 (8.3)
80-89 Years N(%) 1016 (1.9) 170 (2.2)
90+ Years N(%) 57 (0.1) 7 (0.1)
Gender
Male, N (%) 27400 (51.8) 4206 (53.7)
Female, N (%) 25448 (48.2) 3632 (46.3)
Ratio M:F 1.077 1.158
Prevalence All %(Cl) - 14.8 (14.5,15.1)
10-19 Years %(Cl - 5.2(3.87.2)

20-29 Years %(Cl
30-39 Years %(Cl

50-59 Years %(Cl
60-69 Years %(Cl
70-79 Years %(Cl

11.5(10.6,12.4)
15.8 (15.0,16.6)
15.3 (14.7,16.0)

15.3 (14.5,16.0)

47.50 (14.02)

4845 (15.19)

51.73 (14.93)

- 15.1 (14.0,16.2)
- 16.7 (14.6,19.2)
12.3 (6.1,23.3)

(
(@)

(@) (

(@) (

40-49 Years %(Cl) (
(C) 15.1 (14.5,15.7)

(@) (

(@) (

(@) (

80-89 Years %(Cl
90+ Years %(Cl) -

48 (21) 48 (22) 52 (20)
10,97 10,97 10, 96
23 (0.9) 459 (1.5) 177 (1.3)
247 (10.1) 3386 (10.8) 1079 (8.0)
436 (17.8) 5412 (17.3) 1476 (11.0)
633 (25.9) 7098 (22.7) 2824 (21.0)
605 (24.8) 7076 (22.7) 3651 (27.2)
353 (144) 4886 (15.6) 2587 (19.3)
112 (4.6) 2365 (7.6) 1290 (9.6)
31(1.3) 516 (1.7) 327 (24)
3(0.1) 30 (0.1) 20 (0.1)
1479 (60.5) 16210 (51.9) 6815 (50.7)
964 (39.5) 15018 (48.1) 6616 (49.3)
1.534 1.079 1.030
6 (4.4,4.8) 59.1 (58.7,59.5) 25.4 (25.0,25.8)
4(2.3,5.1) 68.3 (64.7,71.7) 26.3 (23.2,29.8)
9(4.3,5.5) 66.5 (65.2,67.8) 21.2(20.1,223)
3 (4.8,5.8) 65.6 (64.5,66.6) 17.9 (17.1,18.7)
5.4 (5.0,5.8) 60.0 (59.1,60.9) 23.9(23.1,24.7)
8 (44,5.1) 55.6 (54.7,56.4) 28.7 (27.9,29.5)
0 (3.44.4) 55.1 (54.0,56.1) 29.2(28.2,30.1)
6 (2.2,3.1) 54.7 (53.2,56.2) 29.8 (28.5,31.2)
1(2.24.3) 50.8 (47.7,53.9) 32.2(294,35.1)
5.3(1.8,14.4) 52,6 (39.9,65.0) 35.1 (24.0,48.1)

Footnote: 2N (%); °Cl (%).

Switzerland) and absorbance read on an Infinite F50
microplate reader (Tecan, Switzerland). If an initial
weak reaction was observed for any of the markers in
the first ELISA test, a repeat test was performed. De-
identified data were entered into IBM SPSS Statistics
22.0 (SPSS Institute, USA). Before analysis, all vari-
ables were reviewed for accuracy of data entry and miss-
ing values. Due to the large sample size involved, the
statistical analysis is focused primarily on frequencies
and percentages.

The prevalence for cases positive for the three markers
and a combination of them are summarized in Table 1

by sex and decade of years of age. The average age of
tested patients was 49.57 years old (standard deviation
(SD) = 15.09) (Table 1). Past or present HBV infection
was defined as the presence of anti-HBc. If anti-HBc
positive subjects were tested positive for HBsAg, they
are regarded as chronically infected with HBV. On the
other hand, those who were anti-HBs positive and nega-
tive for anti-HBc were considered vaccine-immune. The
overall prevalence (all ages and both sexes combined) of
past and present infection during the 2013-2017 period
was 14.8% (95% confidence interval [CI], 14.5%-15.1%)
(Table 1). The prevalence of HBV infection increases

December 2018 | Vol. 46 | No. 4



432 | Zhang et al.

~-e— Vaccine-induced immunity (%)

ve}

®
=3

ek

|

Chronic HBV prevalence (%)
»n 3
7

T T
Male Female

Ag 0 = A o
> “" 7 -a History of HBV infection (%)
2 1~ b=
£ 60 05
E z
g 40 20 2
g . =
3 { }i{ ..... 5
< I g
d-: 20+ 10 2
£ I S
8 2
S T T T T T T T T <
O 2 D P D O O O
\Q.'\ '1«“» “95‘-' §>‘ @f) b«b ,\Q:\ @.%
Age group, years
c - Chronic HBV infection

g? 601 ‘-"‘----.____--—ﬁ""""
8 =¥ Susceptible
S 40+
©
E Y. -t o= Femeome v
o 204 __,o-___‘_‘~.___.
SRR RN Weveeeenn P -
e e o © <
>
N N N’ N N
I
Time (years)

-e— History of HBV infection
=+ Vaccine-induced immunity

Fig. 1. (A) Crude prevalence of markers for HBV infection and vaccine-Induced immunity by age (>90 years old group was
excluded due to low sample number), 2013-2017. Data is representative of mean * standard deviation (SD). (B) Prevalence of
markers for chronic infection by sex, 2013-2017. (C) Prevalence of HBV infection, vaccine-induced immunity and susceptible groups

by time.

with age, consistently maintained in the 30-39 years old
age group onwards (Fig. 1A). On the other hand, the
overall prevalence of markers of vaccine-induced immu-
nity was 59.1% (95% CI, 58.7%—59.5%). Prevalence of
vaccine-induced immunity slightly decreased with age,
ranging from 68.3% (95% CI, 64.7%—71.7%) among per-
sons aged 10-19 years to 50.8% (95% CI, 47.7%—53.9%)
among persons 80-89 years of age (Table 1 and Fig. 1A).
The prevalence of patients with chronic HBV infection
was 4.6%, which represents 2,443 infected persons, espe-
cially in the 40-49 and 50-59 age groups (Table 1). Nota-
bly, there was a significantly higher frequency of patients
with chronic HBV in males than in females (Fig. 1B).
Alarmingly, 25.4% (n = 13,431) of tested patients were
negative for all markers (uniform across all age groups)
indicative of not yet being vaccinated and are therefore
susceptible to HBV infection (Table 1). Among the
twenty individuals aged 90 years old and older who were
tested, 35.1% (95% CI, 24%—-48.1%) were susceptible to
HBYV infection; the representativeness of this estimate is
uncertain due to the low sample numbers in this group.
There was no notable difference in the prevalence of
HBYV infection, vaccine-induced immunity and suscepti-
ble groups over time (Fig. 1C).

A recent national HBV blood screening survey

http://dx.doi.org/10.4014/mbl.1806.06010

revealed a 0.07% HBYV prevalence (both acute and chronic
HBV) in Kaifeng [4]. Importantly, they reported that
HBYV prevalence in Kaifeng was the lowest compared to
other tested regions in China. In contrast, we found a
high prevalence rate for chronic HBV (4.6%) over the 5
year-period. It is important to note that the study by
Ling et al., [4] employed a more stringent testing algo-
rithm, using two independent HBsAg detection kits of
different brands and final confirmation by a neutraliza-
tion assay. Another possibility to explain such low HBV
prevalence in that study was the restrictive and strin-
gent blood donor screening process employed compared
to our study, which did not apply any strict exclusion cri-
teria. Nonetheless, our prevalence figures resemble
closely to HBV prevalence reported previously in Henan
province [3].

The large burden of chronic HBV infection in adult
males (between 30-49 years old) highlights the need to
improve screening programs to identify chronic infected
persons, most whom remain asymptomatic until the late
stages of liver disease. The large prevalence in males
have been seen previously in the South-eastern [5, 6]
and central [3] regions of China. The high prevalence of
those with a past and present HBV infection in the older
age groups (>40 years old) mirrors the low percentage



vaccine-induced immunity seen in those age groups. We
report no significant change in HBV prevalence (both
past and present and chronic HBV) or vaccine-immunity
over time suggesting that little intervention has been
done to address this issue over the 5-year period. The
presence of an acute infection could not be confirmed
here as immunoglobulin (Ig) M antibodies to hepatitis
core antigen (IgM anti-HBc) were not measured in
patient blood. Although we established chronic HBV
infection in some patients, we did not further verify the
presence of HBV DNA in this study. We cannot rule out
the possibility of occult HBV infections [7] in some
patients whose serology results present as HBsAg nega-
tive but anti-HBec positive. In such cases, a HBV DNA
detection is therefore crucial to confirm this.

In summary, our 5-year study highlights that HBV
prevalence increases with age and that chronic HBV is
predominant in adult males in Kaifeng. Alarmingly, we
report that the prevalence of chronic HBV in Kaifeng to
be higher than the current national average [8]. Fur-
thermore, HBV prevalence remains unchanged over the
5-year period for all age groups highlighting that HBV
infection remains a public health problem in Kaifeng. It
is clear that early neonate HBV testing together with
adult vaccination are two critical factors for controlling
HBV endemicity in China [9]. Awareness programmes
and second line treatment implementation could mini-
mize the prevalence and mortality of HBV significantly.
There still remains over a quarter of the patients (in
nearly all age groups) tested in our study who are sus-
ceptible to a future HBV infection as they have not yet
been vaccinated. Future active HBV vaccination com-
munity programmes are needed to address this issue.
Our findings provide new information for tackling HBV
in Kaifeng. Providing health education programmes to
the public on HBV should be given more attention on
local government health policy.
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