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ABSTRACT

The efficacy of hepatitis B vaccination in adults was evaluated by comparison of the positive seroprotec-
tion rates and the hepatitis B surface antibody (anti-HBs) geometric mean titers (GMTs) between intensive
intervention areas and non-intensive intervention areas after 8 years post-vaccination in the Zhejiang
province. Seven cities (towns) in Zhejiang province were selected as intensive intervention areas, and
adults in the demonstration areas receive hepatitis B vaccine voluntarily and for free. Other areas were
non-intensive intervention areas. A total of 3587 participants received the full vaccination course (three
doses), and blood samples were withdrawn 8 years after the first vaccination comprised the immunized
group, and 2000 participants constituted the control group. The anti-HBs positive seroprotection rates of
the immunized and control groups were 65.0% and 53.0%, respectively. The anti-HBs GMT of the subjects
in the immunized group was 26.30 mlU/mL compared to 9.33 mIU/mL in the control group (P <.001).
Significant differences were detected in the 24-35-, 36-45-, and 46-55-year-old subgroups in the positive
seroprotection rates and the anti-HBs GMTs (P <.001) between the immunized and control groups.
Moreover, significant differences were found in the anti-HBs GMT in the 46-55-year-old subgroup
between the two groups (P=.02), while no differences were observed in the positive seroprotection
rate (P=.428). In conclusion, adults who did not receive the hepatitis B vaccine in infancy and had
negative serological markers of hepatitis B, especially adults <47-years-old, need vaccination.
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Introduction In 2016, the World Health Organization (WHO) called for the
elimination of hepatitis B, a major public health threat, by 2030.°
In the past two decades, universal hepatitis B virus (HBV) vacci-
nation at birth has significantly reduced the burden of chronic
HBV infection in people <25-years-old in many highly HBV
endemic countries.” However, it was difficult to reduce the inci-
dence of hepatitis B in adults. A large number of social activities
and specific occupational exposure increased the risk of hepatitis
B infection in adults. It is likely to occur in young, sexually active

Hepeatitis B infection is a major public health concern worldwide.
China is the foremost country with hepatitis B. According to the
epidemiological data in recent years, the prevalence of surface
antigen in the general population in China is 5-6%. Among
70 million cases of hepatitis B virus infection, 20-30 million are
chronic hepatitis B patients. Vaccination is the most economical
and effective measure to prevent and control hepatitis B infection.

By the end of the year 2019, 96% (189/197) countries had incor-
porated hepatitis B vaccination in their national immunization
schedule, and the coverage with three doses of hepatitis B vaccine
during infancy increased to 85% in 2019." Hepatitis B vaccination
of newborns was integrated into the national immunization pro-
gram of China in 1992, and newborns’ vaccination was encour-
aged at the family’s expense. In 2002, all newborn vaccinations in
China were free. By 2020, the coverage rate of the hepatitis
B vaccine for newborns in China reached 99.58%, which reduced
the prevalence of infection to 1.3% in children.” However, the
hepatitis B vaccine was self-financed and voluntary in adults.
Yongmei et al. determined that the vaccination rate for adult
hepatitis B vaccine was 36.73% in Heilongjiang and Gansu
provinces,' and the coverage rate was about 48.9% in the
Zhejiang province in 2020.”

adults, with an increasing trend of infection in men and indivi-
duals >40-years-old. Pinto et al. analyzed the trend of hepatitis
B in Brazil from 2007-2018 and found that 0-9-year-olds com-
prised a low proportion (2%) of the total cases of HBV infection,
while a high proportion (41%) was observed among adults (20-
79-years-old).®

The prevalence of hepatitis B surface antigen (HBsAg) carriers
in children <15-years-old <2%, while in adults >20-years-old, the
prevalence was approximately 7% in China.” In a previous study,
we showed that the prevalence of HBsAg among participants aged
15-59 years was 8.12%, confirming that hepatitis B vaccination is
essential to prevent HBV infection in adults."® The positive rate of
HBsAg in 40-44- and 45-49-year-old age groups was the highest,
12.9% and 12.4% in 2012, 13.3% and 13.4%, respectively, in 2016
in Zhejiang province.""
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In 2012, The Chinese Preventive Medical Association and
the Immunization Planning Center of the Chinese Center for
Disease Control and Prevention jointly issued the Technical
Guidelines for Hepatitis B Immunization Prevention in
Chinese Adults."”” The guidelines recommended that adults
who have not been fully vaccinated with hepatitis B vaccine
and who are not fully immunized with hepatitis B vaccine
should be vaccinated, and serological testing is not required
before vaccination. The US Advisory Committee on
Immunization Practices (ACIP) recommended that all adults
who require protection from HBV infection can be vaccinated,
regardless of the risk factors. In Germany, the prevalence of
hepatitis B virus was 0.3%, and vaccination is not recom-
mended in adults in high-risk groups in the general
population.’? Poethko et al. estimated that the vaccination
coverage was about 32.9% in the general adult population
aged 18-79-years-old through checks of vaccination cards
and self-reports."*

The current study was based on the adult cohort of hepa-
titis B vaccine immunization of the 11" Five-Year Plan
Program of China. The sample was selected using
a complex design involving stratification and multistage sam-
pling. Seven cities (towns) in Zhejiang province were selected
as intensive intervention areas, and adults (about 300,000
people) in these areas could voluntarily receive hepatitis
B vaccine for free. A total of 11,217 participants, aged 16—
59 years, were recruited in the cohort study who received the
full vaccination course (three doses) were tested for HBsAg,
anti-HBs, and anti-HBc before vaccination and also had
a blood sample withdrawn 1 month after the first vaccination.
Other areas were non-intensive intervention areas. To
further evaluate the efficacy of hepatitis B vaccination in
adults, we compared the positive seroprotection rates and
the anti-HBs geometric mean titers (GMTs) between inten-
sive intervention areas and non-intensive intervention areas
8 years later. This information could improve the planning
and implementation strategies for hepatitis B vaccination
among adults.

Materials and methods
Study procedures

This study was carried out in Zhejiang Province from
May 2010 to November 2018. A total of 11,217 participants
aged 16-59 years were recruited in the intensive intervention
areas among those who had received the full vaccination course
(three doses) and also had a blood sample withdrawn 1 month
after the full vaccination. All participants were vaccinated with
a hepatitis B vaccine (dose 10 pg/20 pg, made in China) and
asked to complete a questionnaire on information about gen-
der, date of birth, HBV vaccination history, telephone number,
and home address. Subsequently, all the participants were
tested for HBsAg, anti-HBs, and anti-HBc before vaccination,
and tested for anti-HBs after 1 month and 8 years. Finally, 3587
participants comprised the immunized group whose blood
sample was withdrawn 8 years after vaccination. To further
evaluate the efficacy of hepatitis B vaccination in adults
between the immunized and general population, 2000 adults

aged 24-68 years (deadline of 31 December 2018) in the non-
intensive intervention areas in Zhejiang province were selected
to form the control group.

The exclusion criteria were as follows: organ transplanta-
tion, renal dialysis, participants with hepatitis C and acquired
immune deficiency syndrome, vaccination contraindication.
All the participants provided informed consent according to
the study protocol and were willing to receive the HBV vaccine.
Informed consent was signed by the guardian for participants
<18-years-old. Institutional Review Board approval was
obtained from the Research Ethics Committee of Zhejiang
Provincial Center for Disease Control and Prevention
(approval number: T-043-R).

Laboratory testing

Frozen serum samples were sent to Adicon Clinical
Laboratories Inc. in Hang zhou for the quantification of
HBsAg and hepatitis B core antibody (anti-HBc) and hepatitis
B surface antibody (anti-HBs) by chemiluminescence micro-
particle immunoassay (CMIA) on Architect-i2000sr analyzer
(Abbott, USA). The following signal-to-noise ratios indicated
positivity: HBsAg >0.05 IU/mL and anti-HBc levels 21 S/CO.
An anti-HBs antibody concentration of > 10 mIU/mL mea-
sured 1 month after the administration of the last dose of the
primary vaccination series was considered a reliable marker of
protection against HBV infection. A low response was defined
as 10 mIU/mL<anti-HBs <100 mIU/mL, a normal response
was defined as 100 mIU/mL<anti-HBs <1000 mIU/mL, and
a high response was defined as anti-HBs >1000 mIU/mL after
the third dose of vaccine.

Statistical evaluation

Statistical analyses were performed using SPSS version 22.0
(SPSS Inc., USA). Continuous variables were expressed as
meanststandard deviation and categorical variables as fre-
quencies and proportions. The positive seroprotection rates
were compared by the chi-square test method, and the anti-
HBs geometric mean titer (GMT) level was assessed using the
t-test. The age was adjusted by logistic regression or linear
regression. The comparisons of the immune response between
the two groups were analyzed by rank-sum test. P-value <.05
indicated a statistically significant difference.

Results
Baseline characteristics

For 11,217 participants, the positive seroprotection rate was
43.83% before vaccination. On the other hand, the positive
seroprotection rate was 87.1%, and the GMT value of anti-
HBs titer was 229.09 ( 218.78-245.47) mIU/mL at 1 month
after three doses of vaccination. A total of 3587 participants
who received the full vaccination course (three doses) and also
had a blood sample withdrawn 8 years after the first vaccina-
tion constituted the immunized group, consisting of 1467
males (40.9%). The mean age of the cohort was 42.33 + 8.27
years (according to the deadline of 31 December 2018). The



control group consisted of 2000 participants (783 males)
(39.2%), with an average age of 43.10 +10.4 years. Among
them, 346(17.3%) had been immunized in the past, and 1236
(61.8%) were not sure whether they had been immunized. The
mean age difference between the two groups was statistically
significant (t=2.778, P =.005), while no difference in gender
was noted (x> = 1.631, P =.202).

Comparison of the positive seroprotection rates and the
anti-HBs GMTs between immunized and control groups

The anti-HBs positive seroprotection rate of the immunized
and control groups was 65.0% and 53.0%, respectively, which
differed significantly (y*=77.309, P<.001). The anti-HBs
GMT of the subjects in the immunized group was 26.30
mIU/mL (95% confidence interval (CI): 23.99-28.84) com-
pared to 9.33 mIU/mL (95% CI: 7.94-10.72) in the control
group, which showed significant differences (t = -13.325,
P<.001).

Comparison of the positive seroprotection rates and GMTs
by gender

In males, the anti-HBs-positive seroprotection rate of the
immunized group was 63.4% and 50.1% in the control group,
and the anti-HBs GMT of the subjects in the immunized group
was 23.34 mIU/mL compared to 8.15 mIU/mL in the control
group. Statistically significant differences were observed
between the two groups (X2=37.438, P<.001, t = -7.84, P
<.001). In females, the anti-HBs-positive seroprotection rate
of the immunized and control groups was 66.1% and 54.9%,
respectively, and the anti-HBs GMT of the subjects in the
immunized group was 28.45 mIU/mL compared to 10.0
mlIU/mL in the control group. Statistically significant differ-
ences were observed between the two groups (y° =41.135, P
<.001; t = -9.83, P<.001; Table 1).

Comparison of the positive seroprotection rates and GMTs
by age

The positive seroprotection rate and anti-HBs GMT between
the immunized and control groups in different age groups are
shown in Figures 1 and 2. In the 24-35-, 36-45-, and 46-55-
year—old groups, significant differences were noted in the posi-
tive seroprotection rates (y° =39.397, P<.001; y° = 31.950, P
<.001; Xz =12.490, P <.001) and the anti-HBs GMT GMTs (¢ =
-7.070, P<.001; t = -8.211, P<.001; t = -5.917, P<.001)
between the two groups. However, in the 46-55-year-old
group, significant differences were found in the anti-HBs

Table 1. Comparison of the positive seroprotection rates and GMTs by gender.
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Figure 1. Comparison of the positive seroprotection rates by age.
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Figure 2. Comparison of the geometric mean titers of the hepatitis B surface
antibody by age.

GMT between the two groups (t = -2.342, P =.02), while no
differences were detected in the positive seroprotection rate (y°
=0.629, P =.428).

Comparison of the immune responses between immunized
and control groups

The subgroup of participants with different immune responses,
i.e, immunized and control groups, are shown in Table 2. The
proportion of no-response, low-response, normal response,
and high-response in the immunized group was 35.02%,
32.35%, 25.82%, and 7.92% and 47.0%, 26.60%, 20.15%, and
6.25%, in the control group, respectively.

Gender Group N n PSR (%) P GMT 95% Cl t P

Male Immunized 1467 930 63.4 37.438 <.001 23.34 20.39-26.80 -7.84 <.001
Control 783 392 50.1 8.15 6.39-10.14

Female Immunized 2120 1401 66.1 41.135 <.001 28.45 25.49-31.71 -9.83 <.001
Control 1217 668 54.9 10.00 8.29-11.91

N, total number; n1, number of positive seroprotection after 8 y; PSR, positive seroprotection rate; GMT, the geometric mean titer of anti-HBs.
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Table 2. Comparison of the different immune responses between immunized and control groups.

No Low Normal High
Group N response response response response X P
Immunized 3587 1256 (35.02) 1121 (32.25) 926 (25.82) 284 (7.92) 77.309 <.001
Control 2000 940 (47.00) 532 (26.60) 403 (20.15) 125 (6.25)
Discussion effectiveness of the four HBV serological screening strategies

The current findings indicated that adults are adequately pro-
tected even 8 years after receiving the hepatitis B vaccine. Some
studies suggested that vaccine-induced immunity might persist
for 15-20 years or even longer after a complete course.”™"”
The anti-HBs-positive seroprotection rate of the immunized
and controls groups was 65.4% and 53.0%, respectively, and the
anti-HBs GMT of the subjects in the immunized group was
26.30 mIU/mL compared to 9.33 mIU/mL in the control
group. In Hunan, 44.75% of freshmen University students
were anti-HBs-positive.'"® Wang et al. suggested that the pre-
valence of anti-HBs decreased with advancing age from 84.8%
(age <1year) to 49.0% (age 50-59 years) in Changchun City,
Jilin province.'® Thus, hepatitis B vaccination seems beneficial
to increasing the positive rate of anti-HBs in adults. Another
study by Li et al.”® showed that the positive rate of surface
antibody in adults 12 years after hepatitis B vaccination was
63%, which remained above the protective level.

Strategies for HBV control were initially focused on vacci-
nation of high-risk groups in adults. However, 230% of people
with acute hepatitis B infection did not have identifiable risk
factors and therefore, were missed by a high-risk group
approach.! Hence, decision-makers and health professionals
worldwide discussed a strategy of universal hepatitis
B immunization for a specific age cohort, even in low-
endemic countries. According to the Center for Disease
Control and Prevention (CDC), an estimated 68% of indivi-
duals with chronic hepatitis B are unaware of the infection,?!
and many remain asymptomatic until the onset of cirrhosis or
end-stage liver disease.”

International guidelines recommend HBV screening for
people born in regions with >2% disease prevalence."?’
Universal screening has not yet been implemented in most
HBV-endemic countries because of concerns related to high
costs and insufficient infrastructure for implementation.
Prabhu et al. conducted a cost-effectiveness analysis among
pregnant women in the USA and found that universal HBV
immunity screening and vaccination of susceptible indivi-
duals is cost—effective compared to no screening and vacci-
nating routinely.”* Although most countries have screened
for high-risk groups, the diagnosis rates remain low. In order
to resolve this issue, MehlikaUniversal HBsAg screening of
adults for chronic hepatitis B(CHB) in the general population
of the USA was carried out and found to be cost-effective
and potentially cost-saving compared to the current CHB
screening recommendations.”” However, universal screening
has not been proposed or implemented for chronic HBV
infection in China. Nonetheless, Lei et al. used a Markov
cohort model and input parameters based on data from
previous studies and public databases to assess the cost-

in China. The study suggested that universal HBV screening
is cost-effective and can be applied to every screening strat-
egy if implemented early. The most cost-effective strategy
was the serum HBsAg/HBsAb/hepatitis B e antibody
(HBeAg)/HBeAb/HBcAb (five-test) screening strategy in
people aged 18-70 years.*

Stratified by age, significant differences were detected in the
positive rate and titer of surface antibodies between the immu-
nized and the general populations, except for the 56-68—year-
old age group. These results indicated that hepatitis
B vaccination has a significant effect on adults, especially
those <47-years—old. This effect could be attributed to the
reason at the older adults (>40-years-old) are less likely to
achieve a seroprotective response to hepatitis B vaccination.'
China introduced free hepatitis B vaccination in 2002 and
hence, almost all children and adolescents are vaccinated
before the age of 20 years, while adults, especially those <47-
years-old are recommended immunization.

Nevertheless, the present study had some limitations. (1)
The high loss to follow-up caused by the floating population
may influence the reliability and the sample size of this study;
(2) Because it was a retrospective investigation, a lot of people
couldn’t give an accurate answer of vaccination history; (3)
HBsAg was not monitored in the immunized population for 8
years after immunization. However, the positive rate of HBsAg
in the non-intensive intervention areas was 14.3%. Compared
to 8.12% in the 15-59-year-old population in Zhejiang pro-
vince, the effect of the hepatitis B vaccine is distinct in adults.

In conclusion, adults who did not receive the hepatitis
B vaccine in infancy and had negative serological markers of
hepatitis B, especially adults <47-years-old should be vaccinated.
Also, additional economic studies are needed to determine
whether universal hepatitis B screening or vaccination is necessary.
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