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Healthy adult vaccination: An urgent need to prevent hepatitis B in China
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ABSTRACT
Prevalence of hepatitis B is still high among adults in China, athough the prevalence in children has
decreased dramatically. Immunization against hepatitis B among adults is urgently required. Through
analyzing the immunogenicity of different doses, schedules and booster immunization among adults, we
recommend 10 or 20 mg with a 0-1-6-month schedule or a 0-1-12-month schedule for migrant adults.
For immunity failure, increasing the dose or covalent vaccine is suggested to provide protective
antibodies. To enhance immunity among adults, hepatitis B vaccine should be included in health
insurance.
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Introduction

China has one of the highest rates of infection with hepatitis B
virus (HBV) worldwide. Currently, China has »93 million per-
sons infected with HBV, of whom, »20 million have chronic
hepatitis B1. Due to the attention and efforts of government,
China has made remarkable achievements in the prevention
and management of hepatitis B, and made outstanding progress
in decreasing its incidence, especially among younger people,1

as shown in Figure 1. The national HBV seroepidemiology sur-
vey results in 1992 and 2006 showed that the general popula-
tion with HBV infection rate decreased significantly, especially
children aged <15 years. The number of children infected with
HBV has declined by nearly 80 million. The average of hepatitis
B surface antigen (HBsAg) carrier rate has fallen from 9.75% to
7.18%, but the rate is still over 8% among adults.1 The question
is how to control HBV prevalence in the general population. It
seems that we should rely on vaccination of adults.

Many studies2-5 have found that hepatitis B vaccination has
played an important role in reducing the incidence of hepatitis
B among population aged <15 years. For adults, vaccination is
still the most economical and effective measure to prevent and
control hepatitis B.6 Li J et al.7 also found that inoculation with
hepatitis B vaccine among adults achieved good immune. Fur-
thermore, an investigation performed by Lin bin et al.8 found
that 1.8% of adults with a history of hepatitis B vaccination
were positive for HBsAg, compared with 11.96% of adults with-
out a history of hepatitis B inoculation. This indicates that
administration of hepatitis B vaccine is an effective method to
control HBV infection in adults. Zhang Wei et al.9 were also of
the opinion that immunization with hepatitis B vaccine in
adults is important in reducing hepatitis B morbidity and mor-
tality in our country. These views are relevant to national situa-
tion. HBV infection rate is still at a higher level among adults,

it will take a long time to control hepatitis B if we rely solely on
implementing universal newborn vaccination. Hence, it is nec-
essary to implement hepatitis B vaccination in adults. However,
only a few countries have expanded immunization against hep-
atitis B to 18-year-old adults, and most countries, including
China, administer routine vaccination in neonates and infants
only. As the age distribution of hepatitis B prevalence in China
has changed, adult immunization should be paid more atten-
tion. However, there is no unified strategy for adult hepatitis B
vaccination in China. Current recommendations from the Chi-
nese Center for Disease Control and Prevention for hepatitis B
immunization of adults follow the conventional immunization
programs available for infants.. Hence, more research is
required on hepatitis B immunization strategies for adults to
improve vaccination rate and seroconversion to hepatitis B sur-
face antigen antibody (anti-HBs). We still must insist on the
implementation of neonatal hepatitis B immunization strate-
gies. When necessary, the adult hepatitis B immunization
should be included into Expanded Program on Immunization
(EPI). The health economic evaluation of adult vaccination
should be performed for more scientific and rational guidance.

This review summarizes the status of adult hepatitis B vacci-
nation in China, and discusses the appropriate dose, regimen
and strategy for dealing with immune failure.

Epidemiology of hepatitis B in adults

Since hepatitis B immunization strategy for neonates was
launched >20 years ago, the incidence of hepatitis B among
younger population has been effectively controlled. However,
the incidence of hepatitis B in adults has not changed. From
1990 to 2008, the incidence of hepatitis B in China continued
to show an upward trend, with the number of reported cases
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rising from 0.24 million to 1.17 million. The reported cases of
hepatitis B accounted for 83% of viral hepatitis.The reported
incidence in the population aged 20–49 years was more than
100/100,000.10 According to the Chinese 1992 National Seroe-
pidemiological Survey of Viral Hepatitis, hepatitis B prevalence
among adults aged �20 years reached 58%–68%.11 In 2006, the
national data showed that the HBsAg carrier rate in the popula-
tion aged 15–59 years was still as high as 8.75%.12

Several studies observed a common phenomenon: the inci-
dence of hepatitis B was clustered in young adults and farmers
in China. In 2013, Henan province13 reported that the inci-
dence of hepatitis B was 88.79/100,000. Most of them were 20–
64 years old and farmer was the most common occupation.
From 2007 to 2012, the incidence of hepatitis B in Liaoning
province14 was 69.74/100,000. Most of those were accounted
for people aged 30–59 years and farmers and agricultural work-
ers. During the same period, 59.76% of new patients with virus
hepatitis in Huangpu district of Shanghai were 40–59 years
old15 Apart from the provincial investigation, cities and coun-
ties across the mainland had similar feature.16-24

Based on the above, adults are the population that should be
focused on for control of hepatitis B in China. The current EPI
with hepatitis B vaccine for neonates and children has been
unable to achieve the goal of China becoming an aera of low
hepatitis B endemicity. Apart from mother to child transmis-
sion, there are still another 2 routes of transmission for HBV,
which are blood-borne and sexual transmission. Adults account
for a large percentage of the total population, and many
encounter several routes of transmission, such as blood, sexual
activity, and close human contact. This implies that implemen-
tation of neonatal hepatitis B immunization cannot completely
control the spread of HBV in the general population. In conse-
quence, China needs to adhere to the neonatal EPI of hepatitis
B vaccination, expand the coverage of hepatitis B vaccination,
enhance hepatitis B immunization for adults, and improve the
immunity barrier among the whole population, in the hope of
becoming low-endemic area.

Adult immunization with hepatitis B vaccine

Currently, there is a universal opinion that hepatitis B vaccina-
tion in adults could reduce the number of new cases and con-
trol the spread of HBV, as an immune barrier. Therefore,

vaccinations among adults are advocated. Although there have
been many studies of adult immunization in China and other
countries, there is no uniform strategy as to dosages, proce-
dures, booster immunization after immune failure.

Seroconversion rates after hepatitis B vaccination

Age is related to the chance of obtaining protective antibodies
after hepatitis B vaccination. Though hepatitis B vaccines were
administrated with the same doses and procedures, their anti-
HBs seroconversion rate and antibody titers among vaccinated
children and adults vary significantly. Wen Jinsheng et al.25

found a 95.17% anti-HBs seroconversion rate in newnates after
3 5-mg doses of recombinant hepatitis B vaccine according to a
0-1-6-month schedule. The anti-HBs seroconversion rate in
infants whose mothers were HBsAg negative was 97.25%. How-
ever, Cui Zhongtai et al.26 found anti-HBs seroconversion rate
among students without a history of hepatitis B vaccination
was 85.26% after 3 5-mg doses of recombinant hepatitis B vac-
cine according to a 0-1-6-month schedule. These studies indi-
cated that hepatitis B vaccine could achieve good results among
adults, athough the effect was not good as in neonates.

Immunogenicity of different doses and schedules of
hepatitis B vaccine

In China, there are 2 kinds of hepatitis B vaccines used mainly
for adults, recombinant (yeast) vaccine and recombinant
(CHO) vaccine.27 However, the immune effects are not consis-
tent in domestic and foreign reports. Doses of 10 and 20 mg
with a 0-1-6-month schedule are recommended more often,
and a 0-1-12-month schedule is also recommended for adults.
(Table 1).

Hepatitis B vaccine is now recommended for high-risk pop-
ulation worldwide, but the recommended dose varies. Chen
Yinzhong et al.28 administrated 2 doses (10 and 20 mg) and 2
kinds of hepatitis B vaccine (CHO vaccine and recombinant
yeast vaccine) to adults according to a 0-1-6-month schedule.
They observed that there were no significant differences in
immunological effects between 10 mg CHO vaccine and recom-
binant yeast vaccine, but 20 mg recombinant yeast vaccine had
better effects than 10 mg vaccine. These results indicated that a
high dose of recombinant vaccines has a good immune effect in
adults. A meta-analysis done by An Shuyi et al.29 showed that
10 mg recombinant yeast hepatitis B vaccine induced a higher
seroconversion rate than 5 mg recombinant yeast hepatitis B
vaccine vaccination after 3 full doses according to a 0-1-6-
month schedule. Li J et al.30 found that both 10 and 20 mg doses
of hepatitis B vaccine had a good immunological effect, as their
anti-HBs seroprotection rates (anti-HBs �10 mIU/mL indi-
cated seroprotection) after the third dose were 88.05% and
94.06% respectively. Ren JJ et al.27 concluded that domestic
hepatitis B vaccine after 3 10-mg doses according to a 0-1-6-
month schedule yeilded an average anti-HBs seroconversion
rate of 88.29%. All of these results demonstrate that 3 full 10-
mg doses of recombinant hepatitis B vaccine according to a 0-
1-6-month schedule achieved better protection for adults in
China, and could enhance their immunity against HBV infec-
tion. Europe and the United States recommended 3 doses of

Figure 1. The comparison of HBsAg positive rate of population aged 1–59 years in
1979, 1992 and 2006.
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20 mg hepatitis B recombinant yeast vaccine for adults. Based
on our own experience and that of others, we recommended 10
or 20 mg hepatitis B vaccine for adults.

At the present time, 3 doses of hepatitis B vaccine can pro-
duce good immunity and are widely used. However, it does not
seem feasible in China. Many adults would not be able to finish
the full vaccination schedule on time, due to the need to seek
work in different places, resulting in negative anti-HBs without
protection and susceptibility to HBV infection. To reduce the
number of new cases of hepatitis B in adults, more studies on
the adult immunization schedule have been conducted across
China.

Chen Shizhu.31 believed that protection from hepatitis B
vaccine could not be achieved according to the standard
schedule (0-1-6 months) among migrants and people who
often perform special tasks and require emergency or rapid
immunization. In those cases, it is more suitable to use a 0-1-
7-21-day or 0-7-14-day schedule, as these yeild higher anti-
HBs conversion rates and protect individuals who do not

obtain protective antibodies according to the 0-1-6-month
schedule. Therefore, the rapid immunization schedule should
be best used for high-risk groups and populations who need
it. Compared with the standard immunization program, the
rapid schedule had no significant differences regarding anti-
HBs level at 1 year after full immunization. Saltoglu et al.32

compared the effects of the rapid and standard immunization
programs among healthy adolescents and adults. They
observed no differences in anti-HBs seroconversion rate
between the 2 groups at 6 months after immunization. Fur-
thermore, they found that the serum peak concentration of
anti-HBs in the rapid immunization group was lower than in
the standard group, suggesting that the protection time of
rapid schedule might be shorter than that of the standard one.
In consequence, another dose of vaccine at 12 months after
rapid immunization program is recommended to improve the
durability of antibody protection. However, Halperin SA
et al33 observed that a 0-2-month schedule of an investiga-
tional hepatitis B vaccine consisting of HBsAg combined with

Table 1. Overview of immunogenicity results according different doses, schedules and accelerated vaccination among healthy adults.

Ref.
Immunization
schedule

Dose(mg);
vaccine Tested N

Serum
collected
times M/F�

Age
range
(years)

Seropretective
rate (%)

(310IU/L) P

Anti-HBs
geometric mean

concentration (IU/L) P

27 0-1-6m 10; Chinese-1 593 1m 0.69 32.45 § 0.66 81.67 >0.05 177.28 >0.05
10; Chinese-2 465 0.64 33.69 § 0.70 95.05 473.23
10; Chinese-3 579 0.74 31.71 § 0.69 89.64 246.13
10;Engerix 235 0.75 32.20 § 1.07 86.81 332.20

49 0-1-6m 5; Chinese-1 50 1m 0.94 / 75.00 <0.01 197.4 <0.01
10; Chinese-1 49 91.84 315.6
15; Chinese-1 49 95.65 403.6
20; Chinese-1 48 97.87 477.8

50 0-1-6m 10; Chinese-3 392 1m 1.08 18–55 90.56 >0.05 / /
20; Chinese-3 395 94.94

28 0-1-6m 10; Chinese-3 / 12m / / 73.2 <0.01 32.94 <0.01
20; Chinese-3 97.1 87.06

30 0-1-3m 10; Chinese-1 159 1m / 20–46 88.05 >0.05 91.69 >0.05
20; Chinese-1 101 94.06 290.23

38 0-1-6m 20;Engerix 60 2m 1.14 30.56 § 10.47 98.33 / 468.45 § 329.11 /
40;Engerix 60 1.07 31.83 § 11.43 85.0 427.87 § 332.10

10; Chinese-1 60 0.88 31.33 § 9.76 65.0 287.97 § 283.29
20; Chinese-1 60 0.94 28.95 § 10.28 65.0 229.30 § 304.94

47 0-1-3m 10; Chinese-2 366 1m 0.49 16–49 98.36 >0.05 1863.60 >0.05
0-1-6m 10; Chinese-2 262 96.18 883.85
0-1-3m 20;Engerix 140 97.86 629.59
0-1-6m 20;Engerix 172 95.35 993.09

48 0-1-3m 10; Chinese-1 190 1m 0.62 16–49 88.95 >0.05 94.95 <0.05
0-1-6m 191 90.05 145.12

32 0-1-2m / 90 6m 0.8 25.91 § 11.92 100 >0.05 / /
0-10-21d / 30 0.875 22.53 § 9.30 100

33 0-2m /; HBV-ISS 50 1wx: 0.54 18–28 100 / 1603 /
0-2-6m /; Engerix-B 49 18 2.4

34 0-1m /; HBV-ISS 1809;2 2m / 18–55 95.1 / / /
0-1-6m /; HBV-Eng 606;1 1m 81.1

35 0-1-3m 10; Chinese-3 249 1m 0.75 20–39 83.94 0.0003 61.19 <0.0001
0-1-6m 229 88.21 214.04
0-1-12m 208 94.23 345.78

10; licensed HB vaccine / �83.0 / �110.1 /
39 0-1-6m 30; licensed HB vaccine / 1mx: 16–60 �87.1 �164.0

60; licensed HB vaccine �92.1 �286.0
�M/F: male/female ratio;
x: serum collected from the second dose; others after full vaccination;
m: months, d: days; w: weeks;
Chinese-1: recombinant yeast-derived hepatitis B vaccine produced by the Shenzhen Kangtai Biological Products Co., Ltd., China;
Chinese-2: recombinant yeast-derived hepatitis B vaccine produced by the Dalian High-Tech Biopharmaceutical Co., Ltd., China; Chinese-3: recombinant hepatitis B
vaccine (Chinese Hamster Ovary, CHO cells) produced by the North China Pharmaceutical Company, GeneTech Biotechnology Pharmaceutical Co., Ltd.

Engerix: recombinant yeast-derived hepatitis B vaccine produced by the GlaxoSmithKline Company, UK.
HBV-Eng: licensed alum-adjuvanted vaccine.
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an immunostimulatory phosphorothioate oligodeoxyribonu-
cleotide adjuvant (HBV-ISS) could achieve protective levels
more quickly than a 0-2-6-month schedule with Engerix-B.
Six years later, they34 found that a 0-1-month and 0-2-month
regimen of HBV-ISS induce similar antibody response in
healthy young adults. There are no reports of the durability of
the response induced by HBV-ISS. Apart from rapid immuni-
zation, Yao Jun et al.35 concluded that hepatitis B vaccination
with both 0-1-6 and 0-1-12-month schedules in adults result
in better level of immune responses.

Immune failure and booster immunization

Although hepatitis B vaccine could induce protective levels of
anti-HBs in most healthy adults following a standard vaccina-
tion protocol, many studies have demonstrated that 1–10% of
healthy ones did not produce protective levels of anti-HBs.
What is the possible reason for this unresponsiveness? Soroosh
P et al.36 showed that defective HBsAg-specific T-cell repertoire
may not be an explanation for humoral unresponsiveness to
hepatitis B vaccine. Amirzargar AA et al.37 confirmed in an Ira-
nian population that lack of antibody response to hepatitis B is
associated with increased frequencies of HLA DQB10201 allele.
Whether the DQB10201 allele is increased in Chinese non-res-
ponders needs further investigation.

Although the mechanism is not fully understood, the non-
responders should be protected as soon as possible. The ques-
tions are how to revaccinate them and what is the best vaccina-
tion protocol. Chaoshuang Lin et al.38 revaccinated adults with
low or undetectable anti-HBs titers after hepatitis B vaccination
using 3 different doses according to a 0-1-6-month schedule,
and found that higher dose of hepatitis B vaccine could produce
higher seroconversion rate and geometric mean titers for anti-
HBs. This implies that for adults without response to hepatitis B
immunization, anti-HBs seroconversion rates could be
improved through increased dose. A clinical trial conducted by
Pan HX et al.39 confirmed that booster vaccination with primary
or higher dose of hepatitis B vaccine could provide greater
immunogenicity in unresponsive adults. Except higher dose,
vaccinated younger adults could produce higher immunogenic-
ity because non-response reaction is known to increase with age.
Vermeiren et al.40 demonstrated in a retrospective cohort study
that immunosenescence starts at young age, especially among
male adults. In addition, vaccination with multiple covalent
combined vaccines, such as hepatitis A and B vaccines, produced
better immunogenicity than hepatitis B vaccine in adults. They
observed that repeatedly vaccinated adults without response to
hepatitis B vaccine could achieve a higher anti-HBs seroconver-
sion rate after revaccination with combined hepatitis A and B
vaccine. For healthy non-responders, Lin C et al.41 found that
co-administration of granulocyte-macrophage colony stimulat-
ing factor (GM-CSF) and the standard vaccine dose (20 mg) was
effective, and augmentation of the vaccine dose produced better
protective levels of anti-HBs than injecting the vaccine in combi-
nation with GM-CSF. Zhu JQ et al.42 also identified the impor-
tant factors affecting the immunoreactions levels of
revaccination, which are age, vaccine and dose.

Apart from adults with immune failure, who should be
revaccinated; adults with successful vaccination should also

receive booster vaccination. Wang Hongwu et al.43 observed
that5 years after hepatitis B vaccination in adults, the anti-HBs
positive rate was reduced to half. Therefore, booster vaccination
against hepatitis B should be recommended among adults at
5 years after primary vaccination. What is the possible etiology?
West et al.44 pointed out that healthy adult could have typical
manifestations of an immune reaction, that is, substantial
immunological memory and antibody growth. Immunological
memory is related to memory B lymphocytes, which rapidly
produce antibody when they encounter the same antigen for
the second time. Adults with previous vaccination show signifi-
cantly increased anti-HBs at several days after booster
vaccination.

Cost-benefit study

In 1991, the World Health Organization called for wider use of
hepatitis B vaccine. Hepatitis B vaccination is the most eco-
nomic measure to prevent HBV infection. According to Profes-
sor Duan Zhongping, Deputy Director of the Chinese
Foundation for Hepatitis Prevention and Control, who spoke
at annual academic meeting of the China Association for Sci-
ence and Technology in 2005, treatment takes »338 times
more than prevention. Judging from the prevalence of hepatitis
B around the world, China is a high-endemic areas at present,
as the HBsAg carrier rate is still >8%. As adults are the major
creators of social wealth, control of hepatitis Bin this group is
important. However, the main recipients of hepatitis B vaccine
are newborns, preschool children and high-risk groups in
China. Therefore, to allow China to become a low-endemic
country, we should extend the ranges of high-risk populations,
and healthy adults also need to be protected. In the past, under-
insurance restrained vaccination among children. To date, the
same situation has occurred in adults. Lu et al.45 found that
underinsurance is a barrier to vaccination among adults aged
318 years. Hence expanding health insurance coverage and
implementing other effective strategies are needed to help
improve hepatitis B vaccination among adults.

Conclusion

It is reported that the active hepatitis B vaccination among
adults is low, with a rate of only 13.78% in China.46 Given the
feasibility of adult hepatitis B immunization and the economic
and social benefits that could be achieved, we should adhere to
the strategy of neonatal hepatitis B immune, actively imple-
ment the EPI, and explore suitable hepatitis B immunization
strategies for healthy adults. As there is no unified hepatitis B
vaccination strategies for adults in China, we recommend 10 or
20 mg with a 0-1-6-month or 0-1-12-month schedule for
migrant adults. For immunity failure, increasing the dose or
covalent vaccine is suggested to provide protective antibodies.
To enhance immunity among adults, hepatitis B vaccine should
be included in health insurance.
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