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ABSTRACT

The increased dose of hepatitis B vaccine has been adopted for newborns since 2013 in Fujian, China.
However, little is known about the impact of this measure on hepatitis B virus (HBV) prevention. We used
the seroepidemiological surveys conducted in 2014 and 2020 to address the concern. Compared with
subjects who received a 5 pg hepatitis B vaccine, participants who took a 10 pug hepatitis B vaccine were
associated with a lower risk of HBV infection (adjusted odds ratio [OR] 0.26, 95% confidence interval [Cl]:
0.10-0.68) and a marginal reduction risk of anti-HBc positive (OR, 0.37; 95% Cl: 0.13-1.08; P =.07), but not
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for HBsAg carrier risk. The relation between vaccine dose and risk of anti-HBc positive (OR, 0.20; 95% Cl:
0.05-0.81) became slightly stronger and significant among children investigated in 2020 who probably
received universal vaccination. No significant association was found for subjects whose mothers were
positive for HBsAg. The current 10 ug hepatitis B vaccines for universal vaccination for newborns are
reasonable and effective in HBV prevention. More measures should be taken to reduce the risk of HBsAg

carriers for infants whose mothers are positive for HBsAg.

Introduction

Hepatitis B virus (HBV) infection is a high prevalence in China
and deemed as a major public health problem."* According to
the first Chinese national hepatitis sero-epidemiological survey
conducted in 1992, the prevalence of HBV surface antigen
(HBsAg) among the population aged 1-59 years old was
9.75%.> Hepatitis B vaccination is the most effective measure
to prevent HBV infection.* To control and prevent HBV infec-
tion, the Chinese government has incorporated hepatitis
B vaccine into the national immunization program in 1992
and further included it as a national immunization program
vaccine series for newborns and infants in 2002.” These policies
effectively improved the coverage of hepatitis B vaccination
and then induced a reduction of HBV infection.” The HBsAg
positive prevalence in the general population decreased to
7.18% in 2006’ and was estimated to be 6.89% between 2013
and 2017."

The impact of the hepatitis B vaccination policy in reducing
HBYV infection was identified in high HBV pandemic areas of
China, such as in Fujian province.® The achievement is parti-
cularly evident for children aged <5 years old. According to
three hepatitis B sero-epidemiological surveys carried out in
1992, 2006, and 2014, respectively, the prevalence of HBV
infection in children <5years old hugely decreased from
21.67% in 1992 to 0.23% in 2014.”

To achieve the goal of eliminating hepatitis B disease,® the
government has also taken many supplementary measures on

the basis of hepatitis B vaccination policy. These relevant mea-
sures that were conducive to improve hepatitis B vaccination
and aimed to reduce HBV infection, which were studied in
previous studies concerning routine coverage, surveillance and
assessment,'* supplementary immunization activities,'" supply
of free hepatitis B immunoglobulin for mothers positive for
HBsAg,'” and timely initiation of the first dose (e.g., within 24 h
after birth) of hepatitis B vaccine.'” In addition, the govern-
ment has provided a 10 pug hepatitis B vaccine to replace the
original 5 pg vaccine since 2013 to further improve the protec-
tive effect of hepatitis B vaccination in Fujian Province.
However, little is known about the impact of this measure on
HBYV prevention.

We used the seroepidemiological surveys conducted in 2014
and 2020 in Fujian province to evaluate the impact of vaccine
dose on HBV prevention. We hypothesized that the increased
vaccine dose would help to reduce HBV infection.

Methods
Study design and data collection

This study contained two surveys conducted in five national
disease surveillance points in Fujian province in 2014 and
2020, respectively. Target populations were local residents
who resided in the county for 26 months. The 2014 survey
used a 2-stage cluster random sample. First, two or three towns
were selected by probability proportional to the size method in
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each county. One village was randomly identified within each
selected town. Second, potential subjects were then randomly
recruited from local government lists of residents according to
the age group strata (1-4 years, 5-14 years, and 15-29 years).14
The 2020 survey focused on local residents aged 1-59 years old.
Participants were selected by the stratified 3-stage cluster ran-
dom sampling method according to the survey protocol that
was the same with the 2006 survey.® Briefly, 12 towns were
randomly selected for the first stage and then 12 villages (one
village per township) at random for the second stage. A total of
5873 eligible subjects were recruited from the list of village
residents by stratified age groups of 1-4, 5-14, and 15-59
years.>'*

Trained professionals were responsible for the field investi-
gation using a unified questionnaire.'"* Basic characteristics
(e.g., birth year, gender, ethnicity, birth place, and education
level), mother’s HBsAg status (negative, positive, or unknown),
and history of hepatitis B vaccination (e.g., yes, no, or
unknown) were collected for all subjects. Immunization infor-
mation of hepatitis B vaccine (e.g., vaccination date, vaccine
dose, and type) was further investigated from the vaccination
cards or was self-reported for all subjects in the 2014 survey.
For children aged <15 years in the 2020 survey, these messages
were extracted from the inoculation card or certificate.
Participants aged =15 years in 2020 and those without hepatitis
B vaccination were excluded from the analysis. This study was
approved by the ethics committee of the Chinese Center for
Disease Control and Prevention (CDC) (No. 201811). Written
informed consent was obtained before the survey.

Group of hepatitis B vaccines

We classified the surveyed subjects into three groups according
to the dosage of the first dose of hepatitis B vaccine (5 pg, 10 pg,
or unknown). A total of 278 subjects who received unknown
dosage of the vaccine were classified by their birth year.
Children who received the vaccine before 2013 were recog-
nized as the 5 ug vaccine group, while those vaccinated in or
after 2013 were deemed as the 10 pug group. Two hundred and
ten children who reported unknown hepatitis B vaccination
were grouped as an unknown group. In addition, eight persons
who received 20 ug vaccine were classified as the 10 pug group.

Outcomes

The primary outcome was HBV infection, which was defined
according to the history of hepatitis B vaccination. Participant
positive for HBsAg or antibody to hepatitis B core antigen
(anti-HBc) was deemed as HBV infection for those with
a history of hepatitis B vaccination.® An additional positive
for anti-HBs was further considered as HBV infection for
subjects without hepatitis B vaccination. A large-scale leak
detection and revaccination was carried out for children born
since 1992," therefore, for residents with an unknown history
of hepatitis B vaccination, we recognized subjects born >1992
as having a hepatitis B vaccination, while as unvaccinated
people who were born before 1992.

Given that the reduction in anti-HBc positive status may not
be proportional to the reduction in HBsAg status '* and that
the HBV infection and clearance may have occurred prior to
vaccination leading to the anti-HBc positive status, we also
separately considered HBsAg and anti-HBc positive as the
secondary outcomes.

Laboratory measurement

Blood samples of the subjects were collected and processed by
the laboratory physician during the field investigation.
Separated serums were stored at a temperature of —80°C or
lower in the municipal CDC after the specimen disposal. After
the field survey, all specimens were transported to the labora-
tory of Fujian CDC and tested by enzyme-linked immunosor-
bent assay (ELISA) using Fujian CDC using detection reagents
issued by China CDC (e.g., HBsAg, anti-HBs, or anti-HBc)."*
Institute of Viral Diseases of China CDC was responsible for
the detection of HBeAg and anti-HBe for those positive for
HBsAg using Abbott microparticle ELISA.'*

Covariates

In the present study, we collected covariates, such as gender
(male or female), ethnicity (Han or non-Han), birth place
(hospital, home, or unknown), and mother’s HBsAg status
(positive, negative, or unknown), as potential confounders. In
addition, five counties were divided into urban (Jiaocheng and
Meilie) or rural (Huian, Yongding, and Jianou) by the admin-
istrative division.® According to the time nodes for the imple-
mentation of the free hepatitis B vaccination policy (e.g., 2002),
we divided the participants into two birth cohorts (<2002 or
>2002).° All these covariates were included in the adjusted
models as potential confounders.

Data analysis

Distribution (frequents and %) of general characteristics and
outcomes was displayed by category variables across the three
groups. Differences across the groups or between the 5 pg and
10 ug groups were compared by chi-square or Fisher’s exact test.

Logistic regression was constructed to estimate the associa-
tion between hepatitis B vaccine dose and the risk of HBV
infection, HBsAg carrier, and anti-HBc positive. Odds ratio
(OR) and 95% confidence interval (CI) were calculated for the
risk in subjects with 10 ug vaccine compared with those with 5
ug vaccine. Adjusted ORs and 95% CI were measured after
controlling for potential covariates.

We conducted a sensitivity analysis, in which the surveyed
but not treated hepatitis B vaccine dose was used to test the
robust of the associations. We further conducted stratification
analyses according to the mother’s HBsAg status (negative or
positive) or survey time (2014 or 2020) to find potential dis-
parities of the association among specific populations.

All analyses were conducted by IBM SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA). A two-side P value <.05
was considered statistical significance.



Results
Basic characteristics

A total of 2052 residents, including 1044 subjects who aged <30
years surveyed in 2014 and 1008 children with less than 14 years
investigated in 2020, were recruited in the present study. Among
them, 32 participants without a hepatitis B vaccination history
were excluded from the study. The remaining 2020 were included
in the analysis (Figure 1). Majority of the participants were Han
ethnicity (98.9%), born in hospital (85.9%), and since 2002
(93.8%). 51.3% of them were males and 40.0% lived in urban.

Among the included subjects, according to the protocol, 919
were classified as having received a 5 pg hepatitis B vaccine, 891
as the 10 ug hepatitis B vaccine group, and 210 participants
with uncertain vaccination history as unknown group
(Figure 1). No significant difference for residential area, gen-
der, and ethnicity was found across the hepatitis B vaccine dose
groups. However, unbalanced distributions were identified for
the other characteristics (Table 1).
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Association between vaccine dose and risk of viral
infection

The risk of viral infection, including HBV infection, HBsAg, and
anti-HBc positive was the highest in the unknown dose group,
followed by the 5 pg dose group, and the lowest among those
who received a 10 ug dose hepatitis B vaccine (Table 1). Logistic
regression models indicated that, compared with subjects who
received a 5pg dose of hepatitis B vaccine, the participants
vaccinated with a 10 ug dose vaccine had a declined risk of
HBYV infection, HBsAg carrier, and anti-HBc positive.

The significant association of vaccine dose with the risk of
HBsAg carriers and anti-HBc positive disappeared in multivari-
ate regression models in which resident (urban or rural), birth
cohort (<2002 or >2002), gender (male or female), birth place
(hospital, home, or unknown), mother’s status of HBsAg (nega-
tive, positive, or unknown) were controlled. However, subjects
who received a 10 pg vaccine remained had a lower risk of HBV
infection relative to those with a 5 ug dose vaccine. The adjusted
OR was 0.26 (95% CI: 0.10-0.68, P = .006) (Figure 2).

national disease surveillance
1044 residents who aged
were surveyed in 2014

2052 subjects were recruited from five

1008 children who aged < 14 years old
were investigated in 2020

counties:
< 30 years old

32 unvaccinated residents

A 4

were excluded

2020 participants remained

237 born before 2013
41 born since 2013

1810 received a hepatitis B vaccine
682 received a 5 pg vaccine
850 took a 10 ug vaccine

278 reported unknown vaccine dose

210 with an unknown vaccination history

A 4 A

\ 4

919 residents received a 210  with
5 ug vaccine
35 HBV infections

9 HBsAg carriers

109 HBV

35 anti-HBc positive

hepatitis B vaccination

14 HBsAg carriers
86 anti-HBc positive

unknown 891 subjects received a
10 pg vaccine
5 HBV infections

2 HBsAg carriers

infections

5 anti-HBc¢ positive

Figure 1. Flow chart of the study.
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Table 1. General characteristics and hepatitis B viral infection outcomes by dose of hepatitis B vaccine.

Dose of hepatitis B vaccine

5ug (N=919) 10ug (N = 891) Unknown (N = 210)
General characteristics or outcomes No. (%) No. (%) No. (%) P value
Urban residents 373 (40.6) 360 (40.4) 75 (35.7) A
Birth year <.001
<2002 144 (15.7) 8(0.9) 176 (83.8)
>2002 775 (84.3) 883 (99.1) 34 (16.2)
Male 467 (50.8) 463 (52.0) 106 (50.5) .86
Han ethnicity 911 (99.1) 878 (98.5) 208 (99.0) A48
Birth place <.001
Hospital 807 (87.8) 882 (99.0) 46 (21.9)
Home 6(0.7) 8(0.9) 0(0)
Unknown 106 (11.5) 1(0.1) 164 (78.1)
Mother's HBsAg <.001
Negative 478 (52.0) 613 (68.8) 26 (12.4)
Positive 61 (6.6) 82(9.2) 3(1.4)
Unknown 380 (41.3) 196 (22.0) 181 (86.2)
HBV infection 35 (3.8) 5(0.6) 109 (51.9) <.001
HBsAg carrier 9 (1.0) 2(0.2) 14 (6.7) <.001
Anti-HBc positive 35 (3.8) 5 (0.6) 86 (35.5) <.001
Unadjusted odds Favor Favor P Adjusted odds Favor Favor
ratio (95% CI) lowerrisk  higherrisk  value  ratio (95% CI) lowerrisk  higherrisk Pvalue
Risk of HBV infection
Dose of hepatitis B vaccine
5pug Reference group l Reference group l
10 pg 0.05(0.02-0.11) - <0.001 0.26(0.10-0.68) - 0.006
Risk of HBsAg carrier
Dose of hepatitis B vaccine
5ug Reference group [ ] Reference group [ ]
10 ug 0.11(0.03-0.46) -— 0.003  0.28(0.05-1.69) —— 0.29
Risk of anti-HBc positive
Dose of hepatitis B vaccine
5ug Reference group [ ] Reference group [
10 ug 0.14 (0.06-0.37) - <0.001 0.37(0.13-1.08) - 0.07
T T T (R e ]
0.01 0.1 1 10 0.01 0.10 1.00 10.00
Odds ratio (95% CI)

Figure 2. Association of vaccine dose with the risk of HBV infection, HBsAg carrier, and anti-HBc positive. Adjusted OR was estimated after controlling for resident (urban
or rural), birth year (<2002, =2002), gender (male or female), birth place (hospital, home, or unknown), mother’s status of HBsAg (negative, positive, or unknown).

Sensitivity and stratification analyses

In the sensitivity analysis that we included the surveyed dose of
the first hepatitis B vaccine as the exposure variable, no differ-
ent results were produced. People who had a 10 ug hepatitis
B vaccine were significantly associated with a lower risk of
HBV infection (adjusted OR=0.33, 95% CI: 0.11-0.98) but
not for the risk of HBsAg and anti-HBc positive (P for adjusted
OR was 0.21 and 0.067, respectively) (Table 2).

Stratification analyses according to HBsAg status of the
mother (positive or negative) indicated that neither we
included the treated nor the surveyed vaccine dose groups
into the model, no significant relation between vaccine dose
and the risk of HBV infection (e.g., HBV infection, HBsAg

carrier, or anti-HBc positive) was found. Similar results were
identified in residents surveyed in 2014. However, for subjects
investigated in 2020, receipt of 10 pg vaccine was related to
a lower risk of HBV infection and anti-HBc positive (Table 3).

Discussion

In the present study, we identified that people who received
a 10 pg hepatitis B vaccine were associated with a lower risk of
HBYV infection, compared with those vaccinated with a 5 g
vaccine. In addition, higher vaccine dose also declined the risk
of anti-HBc positive for residents surveyed in 2020. However,
no significant relation between vaccine doses with the risk of
HBsAg carriers was found.



Table 2. Sensitivity analysis for the risk of HBV infection and HBsAg carriage.
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Dose of hepatitis

HBV infection

B vaccine No. of subjects (no. of cases, prevalence) Unadjusted OR P value Adjusted OR P value
5ug 682 (12; 1.8%) Reference Reference
10 ug 850 (5; 0.6%) 0.33 (0.12-0.94) 0.038 0.33 (0.11-0.98) .046
HBsAg carriage

Unadjusted OR P value Adjusted OR P value
5ug 682 (4; 0.6%) Reference Reference
10 ug 850 (2; 0.2%) 0.40 (0.07-2.19) .29 0.31 (0.05-1.94) 21

Anti-HBc positive

Unadjusted OR P value Adjusted OR P value
5ug 682 (12; 1.8%) Reference Reference
10 ug 850 (5; 0.6%) 0.33 (0.12-0.94) .038 0.36 (0.12-1.07) .067

Adjusted factors included resident (urban or rural), birth year (<2002, =22002), gender (male or female), birth place (hospital, home, or unknown), mother’s status of

HBsAg (negative, positive, or unknown).

Table 3. Stratification analyses on the risk of HBV infection and HBsAg carriage according to mother’s HBsAg status and survey time.

Mother's HBsAg status

Survey time

Negative (N = 1117)

Positive (N = 146)

2014 (N =1013) 2020 (N = 1007)

Dose of hepatitis  Adjusted odds ratio

Adjusted odds ratio

Adjusted odds ratio Adjusted odds ratio

QOutcomes B vaccine (95% Cl)* P value (95% Cl)* P value (95% Cl)* P value (95% Cl)* P value
HBV 5ug” Reference Reference Reference Reference
infection 10 pg” 0.57 (0.13-2.58) A7 0.27 (0.03-2.78) 27  0.53 (0.06-5.11) .58 0.27 (0.07-1.12) .071
5 ug™ Reference Reference Reference Reference
10 ug& 0.49 (0.11-2.20) 35 0.24 (0.02-2.55) 24 0.49 (0.05-4.95) .55 0.23 (0.06-0.92) .038
HBsAg 5ug” Reference Reference Reference Reference
carriage 10 pg” - - 0.44 (0.04-5.4) .52 1.80 (0.17-19.46) .63 0.26 (0.02-4.13) .26
5 ug™ Reference Reference Reference Reference
10 ug& - - 0.40 (0.03-4.87) 47 1.63 (0.14-18.69) .69 0.24 (0.02-3.90) 24
Anti-HBc 5ug” Reference Reference Reference Reference
positive 10 pg” 0.54 (0.12-2.45) 43 0.27 (0.03-2.82) 27  0.49 (0.05-5.19) .56 0.23 (0.06-0.96) .043
5 ug™ Reference Reference Reference Reference
10 ug& 0.46 (0.10-2.07) 31 0.24 (0.02-2.60) 24 0.51(0.05-5.52) .58 0.20 (0.05-0.81) .025

*Adjusted for resident (urban or rural), birth year (<2002 or =2002), gender (male or female), and birth place (hospital, home, or unknown) in the stratification analysis
by the mother’s status of HBsAg (negative or positive). For the survey time stratification, the mother’s HBsAg status (positive, negative, or unknown), resident, gender,

and birth place were included in the model.

#Referred to the treated dose of hepatitis B vaccine; Referred to the surveyed dose of hepatitis B vaccine.

HBYV infection is a serious health concern and contributes to
an extremely high burden of liver diseases worldwide, such as
hepatic cirrhosis and hepatocellular carcinoma.'® Due to the
limitations of antiviral agents against HBV that have been
widely applied to treat chronic hepatitis B, vaccination is the
most important strategy to control HBV infection.* In HBV
high epidemic areas, mother-to-child transmission is the main
route of HBV transmission and is responsible for an estimated
30%-50% new infections in China.'” Focusing on cutting off
this main transmission, China prioritized implementing the
hepatitis B vaccination for newborns since 1992 and guaran-
teed by multiple measures, including switching the dosage to
10 pg for all infants regardless of the maternal HBsAg status.”

The dosage of hepatitis B vaccine depends on vaccine type,
immunogenicity, and protective efficacy as well as the cost and
restrictive supply. In the early stage of vaccination, low dosage of
hepatitis B vaccine was popular and an option for newborns since
reduced vaccine dosage appeared to be effective and considered
high cost and restrictive supply.'® However, low dose of hepatitis
B vaccine was no longer a wise choice since the improvement of
vaccine production technology and the breakthrough of supply
capacity.” Although the 10 pg dose vaccine was thought to con-
tribute to HBV prevention relative to low vaccine dose (e.g., 5 g

vaccine), few literatures focus on comparing the difference of
preventive effect between the two dose vaccines.

Despite HBV vaccination has been extensively promoted
worldwide, available evidence on HBV vaccination effective-
ness is still controversial.** Hepatitis B vaccine induced pro-
tective antibody levels and persist for long-term after primary
immunization were critical for HBV prevention.”' The age of
primary immunization and the time since vaccination are
important factors implicated in the long-term persistence of
an anti-HBs titer >10 mIU/mL.?° In addition, higher vaccine
dosage might also contribute to this benefit than a lower
dose.” Previous studies have identified that high dosage (e.g.,
20 pug) of hepatitis B vaccine improved seroprotection than low
vaccine dosage (e.g., 10 pg) in adults,”*** as well as in specific
populations, such as chronic kidney disease patients and drug
users.”>*® The present study extended the benefit of higher
vaccine dose on HBV prevention among residents in Fujian
Province, especially for those investigated in 2020 (children
aged <14 years). These findings are in line with the results of
previous studies.”>*” Higher vaccine doses might stimulate
a stronger immune response of the body and persist for long-
term with a higher anti-HBs titer, thereby lowering the risk of
HBYV infection.
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We further found that the protective effect of 10 ug dosage
vaccine was mainly reflected in reducing the risk of anti-HBc
positive. However, no significant relation was produced for the
risk of HBsAg carriers. In addition, no association was linked
in children whose mother was positive for HBsAg. This was
consistent with the findings in a prospective and multicenter
cohort study of mothers positive for HBsAg that was con-
ducted to compare the immune response among infants who
received 10 pug with those with a 20 ug vaccine.”® Despite an
increased high-response and decreased low-response rates for
infants who received three doses of 20 ug hepatitis B vaccine
were found, however, these differences were restricted to
infants born to mothers with HBV DNA <5 log 10 IU/mL.*®
This study further concluded that the 20 ug hepatitis B vaccine
did not reduce immunoprophylaxis failure of infants from
HBsAg positive mothers. Similar null associations were found
among patients receiving methadone maintenance treatment
or those using immunomodulatory drugs.”>*° The reasons of
the phenomenon are still unknown, but might be related to the
state of maternal immune function, the transplacental transfer
of HBsAg,31 and the mother’s load of HBV DNA.*?

To our knowledge, this is the first study on the association
between vaccine dose and the long-term risk of HBV infection in
China. Our findings have some important implications. Firstly,
the increased dose of hepatitis B vaccine helps to reduce the risk
of HBV infection and anti-HBc positive. These benefits are
mainly attributed to the universal vaccination for newborns,
since the relation was identified in subjects investigated in 2020
rather than in those surveyed in 2014. In this study, participants
in 2020 aged <14 years and probably received universal vaccina-
tion, while the 2014 subjects (aged <30 years old) possibly took
the vaccine for catch-up vaccination.* Thus, a 10 ug hepatitis
B vaccine for universal vaccination for newborns is reasonable
since the risk of HBV infection was low (0.56%, 95% CI: 0.07-
1.05%). Secondly, the protective effect of higher dose of hepatitis
B vaccine was not related to a lower risk of HBsAg carriers for
infants whose mother is positive for HBsAg. Mother positive for
HBsAg remains the biggest risk factor of HBsAg carriers in
infants, although specific measures were implemented, such as
vaccinated free hepatitis B immunoglobulin. Therefore, some
additional measures should be considered for this specific popu-
lation since the prevalence of HBsAg positive in the general
population remains high. A higher dosage of hepatitis
B vaccine and post-vaccination serologic testing might be the
preferred options.””*

There are some limitations in the present study. First,
although a significant association was found, we acknowledged
that the robust of these results might be affected due to the
small number of outcomes. Secondly, some subjects in the 2014
survey (e.g., a proportion of participants in the 15-29 age
group) verbally reported their hepatitis B vaccination history
that was used in the present study. We are not able to check the
message with the surveillance system or the vaccination card/
certificate. Thus, there might be potential misclassification
biases. Finally, we surveyed subjects from five national mon-
itoring points in a high hepatitis B prevalence area. The results
might be different from those in areas of moderate and low
prevalence of the disease. Therefore, more studies on this topic
were warranted.

Conclusion

In the present study, compared with subjects with a 5pg
hepatitis B vaccine, participants who received a 10 pg hepatitis
B vaccine were associated with a lower risk of HBV infection
and anti-HBc positive, but not for HBsAg carrier risk. The
relation disappeared for infants whose mother was positive
for HBsAg. The current 10 pg hepatitis B vaccines for universal
vaccination for newborns are reasonable and effective in HBV
prevention. More measures should be taken to reduce the risk
of HBsAg carriers for infants whose mother was positive for
HBsAg.
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