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The changes in IgG antibody levels to hepatitis B surface antigen (HBsAg) and in antibody to HBsAg (anti-HBs) sero-
conversion rates due to different dosages of hepatitis B vaccine (HepB) were compared in 2106 children. Children who
had been previously vaccinated as infants with HepB were revaccinated at 5-15 y of age, after which the antibody titers
were determined. After the first booster dose, the anti-HBs seroconversion rate (defined as an anti-HBs =10 mIU/ml) with
10 pg of HepB (93.6%) was significantly greater than the rate with 5 pg of HepB (90.3%) (P < 0.05); the anti-HBs serocon-
version rate in 10-15-y-old boys vaccinated with 10 ug of HepB (90.9%) was significantly greater than the rate with 5 ug
of HepB (84.3%) (P < 0.05). The anti-HBs seroconversion rates after the third booster dose with 5 or 10 g of HepB were
greater than those after the first booster dose (99.6% and 99.7%, vs. 90.3% and 93.6%, P < 0.05); as was the corresponding
GMTs (658 + 4 mIU/ml and 2599 + 3 mIU/ml, vs. 255 + 11 mIU/ml and 877 £ 11 mIU/ml [P < 0.05]). The immunization effects
of booster vaccination with 3 doses of HepB with 5 or 10 ug are effective; a single booster dose with 10 pg of HepB for
10-15-y-old boys and with 5 or 10 ug of HepB for 5-9 y old boys and for 5-15-y-old girls are effective in generating pro-
tective antibody against HBV; however, for anti-HBs-negative children after a single dose of booster, 3 doses are needed.

Introduction

Infection with hepatitis B virus (HBV) remains a worldwide
public health problem. It is estimated that more than 2 billion
people have been infected with HBV, among whom 360 million
have chronic liver disease, and 6000001200000 deaths result
from HBV infection-related diseases annually.!® According to a
2006 national seroepidemiologic survey, the HBV infection rate
in China is high, with an HBsAg carrier rate of 7.2% in people
between 1 and 59 y of age. It is estimated that 9.3 million people
in this group are chronic HBV carriers.*’

Because the many HBV carriers do not know their infection
status, they pose a significant risk of infection to a susceptible
population. Especially perilous are the consequences to young
children, because approximately 90% of HBV-infected newborns
and 25-30% of children become chronic HBV carriers and thus
are at increased risk for cirrhosis and hepatocellular carcinoma.®
In China, over 80% of the general population have anti-HAV,
with the highest incidence in children.” Furthermore, chronic
HBYV carriers have a higher morbidity and mortality when super-
infected with hepatitis A virus."” However, the universal infantile

hepatitis A vaccination program began in 2007 in China, and the
current hepatitis A vaccine is used on a “self-select and self-pay”
basis in people >7 y of age, but does not result in 100% coverage
levels in chronic HBV carriers to reduce the morbidity and mor-
tality. Also, prevention of hepatitis B can prevent hepatitis D, as
the hepatitis D virus is a defective virus that only causes hepatitis
in the presence of the HBV.

While costly anti-viral treatment has limitations in resolving
chronic HBV infection,''* hepatitis B vaccination is an effective

and inexpensive measure against HBV infection,®'

although a
small number of immunization failures do occur.*'” In China,
infants initiated a program of 10 pg plasma-derived HepB admin-
istered at zero, 1 and 6 mo in 1992-1997, and this was modified
to dosages of 5 pg of recombinant HepB in 1998. After >10 y of
HepB mass vaccination, the HBV infection rate in the Chinese
population, especially among children <15 y of age, has declined
significantly. The prevalence of HBsAg has decreased from 9.67%
in 1992 to 0.96% in 2006, and the number of HBV-infected
children has decreased by nearly 80 million,** but the prevalence
of HBsAg in children between 5 and 14 y of age was 3.1-6.6%

in some counties.'®" It is generally observed that the antibody
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Table 1. Characteristics of the study subjects

Age group Number Male Female Age (x & 5, years)
(Years) ofcases [ Cases(N) Rate (%) | Cases(N) | Rate (%)
Received hepB booster vaccination with 5 ug
5- 458 225 49.1 233 50.9 78+15
10-15 518 248 47.9 270 52.1 125+13
Received hepB booster vaccination with 10 ug
5- 506 266 52,6 240 474 79+13
10-15 624 318 51.0 306 49.0 124+14

titers decline over time following immunization,*

resulting in
an increased rate of infection, especially when the antibody titers
are reduced below the protective level.?*** Consequently, the
need for booster vaccination is becoming apparent. Some stud-
ies have reported that due to persistence of cellular immunity,
booster vaccinations are unnecessary in a healthy population.®#
However, Ren et al.?* reported that the percentages of IFN-vy-
positive and IL-4-positive in a population with an anti-HBs titers
(anti-HBs < 10 mIU/mL) was significantly lower than those in
a population with an anti-HBs titers (anti-HBs = 10 mIU/mL)
after primary immunization. This study indicates that cellular
immunity to HBV may be as weak as humoral immunity in the
population with an anti-HBs titers < 10 mIU/mL.

Currently, little is known about the effects of booster vacci-
nation with HepB at different dosages in a large sample study.
Although the effects of booster vaccination against hepatitis
B have been examined,”?* these studies have been limited by
small sample sizes or the lack of comparability of enzyme-linked
immuno sorbent assay (ELISA) or radioimmanoassay (RIA)
detection methods.

Furthermore, previous studies have shown that horizon-
tal transmission is one of the main ways children are infected
with HBV,?” and booster vaccination is cost-effective.’® Because
children >5 y of age attend school, they have a greater chance of
exposure to HBV than younger children. Therefore, in this study
we determined the effects of different dosage levels of HepB as
booster on children >5 y of age. Subjects were vaccinated, after
which the booster immunization effect of different dosages of
HepB in children with anti-HBs lower less than the protective
level (<10 mIU/ml) was determined. From this study we devel-
oped recommendations for a specific program of vaccination.

Results

Characteristics of the study subjects

A total of 3818 children between 5 and 15 y of age were ini-
tially enrolled in screening, and 2229 of these children were
eligible for the study. Only subjects with three negative indices
(HBsAg, anti-HBs, anti-HBc) were included. Of these 2229 sub-
jects, 123 children were lost to follow-up. Thus, there were 2106
children who participated in the entire vaccination study.

Among the 2106 children, 976 (46.3%) were vaccinated with
5 pg of HepB, and the other 1130 children (53.7%) were vac-
cinated with 10 pg of HepB. The children characteristics are
shown in Table 1. The proportion of males and females were
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similar in children 5-9 y of age who were vaccinated with 5 pg
of HepB and with 10 pg of HepB, or in children 10-15 y of age.

Before the booster vaccination, in children 5-9 y of age, the
proportions of anti-HBs titers < 1 mIU/mland anti-HBs titers > 1
mlU/ml and < 10 mIU/ml were 36.9% and 63.1%, respectively;
in children 10-15 y of age, the proportions of anti-HBs titers <
1 mIU/ml and anti-HBs titers = 1 mIU/ml and < 10 mIU/ml
were 50.1% and 49.9%, respectively. The proportion of anti-HBs
titers in children 5-9 y of age who were revaccinated with 5 pg
of HepB is similar to that in children who were revaccinated with
10 pg of HepB, similarly, in children 10-15 y of age. Whereas the
differences in the proportion of anti-HB:s titers in children who
were revaccinated with 5 or 10 ugHepB are statistically signifi-
cant between children 5-9 y and 10-15 y of age (x° = 15.582 or
21.054, P < 0.05, chi-square test). The distribution of age-spe-
cific anti-HBs titers on the basis of sex stratificationis is shown
in Table 2.

Antibody seroconversion rates and GMTs after booster vac-
cination with 5 or 10 pg of HepB

After the first booster dose, the anti-HBs seroconversion
rates with 5 or 10 pg of HepB were 90.3% and 93.6%, respec-
tively, and these observed differences were statistically significant
(¢ = 8.107, P < 0.05 chi-square test); the corresponding GMTs
were 255 = 11 mIU/ml and 877 + 11 mlIU/ml respectively
(t=—11.755, P < 0.05, ¢ test). While the differences in anti-HBs
seroconversion rates with 5 pg of HepB and 10 pg of HepB in
10-15 y old boys were statistically significant (x* = 5.753, P <
0.05 chi-square test). The distribution of dosage-specific anti-
HB:s titers on the basis of sex stratificationis is shown in Table 3.

After the third booster dose, the anti-HBs seroconversion
rates with 5 or 10 pg of HepB were higher than those after
the first booster dose (all P < 0.05); the anti-HBs GMTs in
5- to 9-y-old girls vaccinated with 5 pg of HepB were similar
after the third and first booster dose, whereas the differences in
the other corresponding GMTs are statistically significant (all
P < 0.05; Table 3) .

After the first booster dose, the age-specific anti-HBs sero-
conversion rates with 5 or 10 pg of HepB in boys were similar to
that in girls.

After the first booster dose, the difference in anti-HBs sero-
conversion rate for revaccination both with 5 or 10 pg of HepB
was statistically significant in children 5-9 y and 10-15 y of age
(¢ = 16.164 or 13.934, P < 0.05 chi-square test), whereas after
the third booster dose, the anti-HBs seroconversion rates were
similar.
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Table 2. Distribution of age-specific anti-HBs titers before booster vaccination

anti-HBs titer anti-HBs titer
(0-1 mlu/ml) (1-10 mlu/ml)
Age group Number 5
Sex (Years) Dosage of cases X Pvalue
Cases (N) | Rate (%) | Cases(N) | Rate (%)
5ug 225 80 35.6 145 64.4
5- 0.407 >0.05
10 ug 266 102 383 164 61.7
Male
5ug 248 121 48.8 127 51.2
10-15 0.082 >0.05
10 ug 318 159 50.0 159 50.0
5ug 233 88 37.8 145 62.2
5- 0.190 >0.05
10 ug 240 86 35.8 154 64.2
Female
5ug 270 134 49.6 136 50.4
10-15 0.231 >0.05
10 ug 306 158 51.6 148 48.4
5ug 458 168 36.7 290 63.3
5- 0.023 >0.05
10 ug 506 188 37.2 318 62.9
Total
5ug 518 255 49.2 263 50.8
10-15 0.280 >0.05
10 ug 624 317 50.8 307 49.2
Discussion

This study’s results showed that the post—third dose anti-HBs
seroconversion rates and GMTs for booster vaccination with 5
and 10 pg HepB were at a high level in children 5-15 y of age. The
results of this study are similar to the results of a study involving
booster vaccination in non-and-low responsers reported by Wu.
Specifically, a three-dose booster vaccination regimen with 10 or
5 pg of HepB is effective.

It is generally believed that individuals whose anti-HBs anti-
body titers 210 mIU/ml after vaccination with HepB will resist
HBV infection.” Although the anti-HBs seroconversion rates
with a 3-dose booster vaccination were greater than those with
a 1-dose booster vaccination, the post-single dose anti-HBs sero-
conversion rates for booster vaccination with 5 or 10 pg HepB
were at high levels (>88%) in 5- to 15-y-old girls and 5- to 9-y-
old boys, thus a single booster dose with 5 or 10 pg of HepB
for the majority of such children can prevent HBV infection. In
contrast, the rate for booster vaccination with 5 pg HepB was at
lower levels(<85%) in 10-15-y-old boys, and it may be correlated
with that the vaccinees, 10- to 15-y-old boys, were at the upper
end of the age group for which 5 pg HepB is recommended in
China and that the larger body mass index than the same age
girls affected the response to the first hepatitis B booster; whereas
the post-dose-one anti-HBs seroconversion rate for booster vac-
cination with 10 pg of HepB was at a high level (>90%) in 10- to
15-y-old boys, and was higher than that reported in Sprading PR
et al. study,? which indicates one dose of 5 ng HepB is insuffi-
cient for 10- to 15-y-old boys, whereas a single booster dose with
10 pg of HepB for 10- to 15-y-old boys is ideal.

In addition, this study’s results also show the post-single dose
anti-HBs GMTs for booster vaccination with 10 pg of HepB were
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more than twice those with 3-dose 5 pg of HepB in children
5-9 y of age and were very similar to the anti-HBs GMTs with
3-dose 5 pg of HepB in children 10-15 y of age. The results of
this study were higher than other reported results.”>% A possible
explanation for this difference was the use of different testing
methods, and the serum anti-HBs antibody titers of the latter
studies were measured using an ELISA or RIA.

Although the post-3 dose anti-HBs seroconversion rates and
GMTs for vaccination with 10 or 5 pg of HepB were higher than
the post-single dose rates and GMTs in children 5-15 y of age,
a booster vaccination with one dose can reduce the number of
needles. The small percentage of children (<8%) with anti-HBs
titers less than protective levels after the first dose can be given an
additional booster dose to improve their anti-HBs titers.

This study also showed that the proportion of anti-HBs titers
(1-10 mIU/ml) in children aged 5- to 9-y-old who have anti-HBs
titers less than protective levels was higher than that in children
aged 10- to 15 y-old after primary immunization. The previous
studies showed the immunization effect of booster vaccination
3334 4nd

the duration of protection may be evaluated indirectly by mea-

was correlated with the pro-vaccination anti-HBs titers,

suring the anamnestic immune response to a booster dose of
vaccine. This study showed that the same age and different sex
children had similar anti-HBs seroconversion rates after the first
booster dose and have an equal duration of protection, but the
post-single dose anti-HBs seroconversion rates for children aged
5- to 9-y-old who were booster vaccinated with 5 or 10 pg of
HepB were higher than those in children aged 10- to 15-y-old,
which indicates that a shorter interval between primary immuni-
zation and booster vaccination gives a better response. The results
of this study were similar to other reported studies.”?* Thus, the
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Table 3. Antibody seroconversion rates and GMTs after the different-dosage hepatitis B vaccine booster vaccination

After the first booster After the third booster
vaccination vaccination
Age
N « P P
Sex group | Dosage ;meer x* lue* zZ#* lue**
(Years) orcases | positive | Positive | GMTs | Positive | Positive | GMTs value value
cases Rate (x%s, cases Rate (x%s,
(N) (%) miu/ml) (N) (%) miu/ml)
5ug 225 217 96.4 626 +4 225 100.0 786+3 _ <0.05 —2.437 <0.05
5-
10 ug 266 258 97.0 23(;2 266 100.0 252? _ <0.05 —4.633 <0.05
5ug 248 209 84.3 267 £5 246 99.2 620+4 | 35.027 <0.05 -9.529 <0.05
Male 10-15 2644
10 ug 318 289 90.9 972+7 318 100.0 +3 27.034 <0.05 | -11.391 <0.05
5ug 473 426 90.1 686 +5 471 99.6 669 +3 | 43.022 <0.05 -9.037 <0.05
5-15
10 ug 584 547 93.7 23?55 584 100.0 25431 35.027 <0.05 —-11.995 <0.05
5ug 233 215 923 3585 232 99.6 644 +4 _ <0.05 —-0.939 >0.05
5- 2339
10 ug 240 231 96.3 907 £6 240 100.0 +4 _ <0.05 —2.948 <0.05
5ug 270 240 88.9 655+ 5 269 99.6 724+3 | 27.034 <0.05 —-7.849 <0.05
Female 10-15 2 2844
10 ug 306 280 91.5 2?55 303 99.0 f3 _ <0.05 | —-10.686 <0.05
5ug 503 455 90.5 3125 501 99.6 632+4 | 42.188 <0.05 —6.644 <0.05
5-15 2490
10 ug 546 511 93.6 939+6 543 99.5 +3 28.265 <0.05 -10.375 <0.05
5ug 458 432 94.3 463 £8 457 99.8 717 +£3 | 21.333 <0.05 -2.317 >0.05
S_
10 ug 506 489 96.6 1f765 506 100.0 2314 _ <0.05 -5.393 <0.05
150 £
5ug 518 449 86.7 2 515 994 610+2 | 64.015 <0.05 -12.410 <0.05
10-15
Total 519+ 2415
10 ug 624 569 91.2 14 621 99.5 4 48.176 <0.05 | -15.580 <0.05
255+
5ug 976 881 90.3 11 972 99.6 658 +4 | 87.097 <0.05 | -11.060 <0.05
5-15 .
10 ug 1130 1058 93.6 87171 - 1127 99.7 25939 65.127 <0.05 | -15.858 <0.05
*McNemar test,"—"is Exact test; **Wilcoxon signed-rank test.

anti-HBs titer should be monitored regularly to screen for anti-
HBs-negative children at the time of the students’ annual exami-
nations. Booster vaccination can then be given to increase the
antibody levels for these children.

This study had some limitations. First, it was not possible
to identify the reasons that some children had lower than pro-
tective levels of anti-HBs titers before booster vaccination.
Possibly, this may be due to non-responsiveness to primary
immunization or a decrease in the antibody titer over time.
Second, we could not collect blood samples from each subject
and detect antibody titer after the second booster dose because
of field operation constraints, so that we could not analyze the
effects of the second and the third booster doses. In Clemens
R et al. study,” all non-responders developed anti-HBs levels
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2100 mIU/ml after the third booster dose, and all low-respond-
ers reached this level after the second booster dose; whereas
in this study, 99.6% of anti-HBs negative children developed
anti-HBs levels 210 mIU/ml after the third booster dose, thus
this may have had an minimal impact on the results. Finally,
this study used vaccines produced by different companies to
compare the immunization effects of different dosages, and it is
possible that the use of HepB produced by different companies
caused a small effect in this study.

In conclusion, the immunization effects of booster vaccina-
tion with 3 doses of HepB with 5 or 10 pg are effective; a single
booster dose with 10 pg of HepB for 10—15-y-old boys and with
5 or 10 pg of HepB for 5-9 y old boys and for 5-15-y-old girls

are effective in generating protective antibody against HBV;
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3818 children born between 1993 and

Yuhuan County, Kaihua County,

2003 with three-dose Hepatitis B vaccine
at birth and at 1 month and 6 months of
age in Longquan County, Xinqu County,

Changshan County in Zhejiang province

1712children were excluded

Children tested positive for HBsAg,anti-HBc or
anti-HBs (n=1589. Among the 1589 children, 167
children previously received a HepB booster
Lost follow up (n=123)

A 4

Revaccinated with 5ug HepB (n=976)
Revaccinated with 10ug HepB (n=1130)

2106 children were included in the study

Figure 1. Flow chart of the participants enrolled in the study. A total of 3818 children born between 1993 and 2003 with three-dose Hepatitis B vaccine
were reviewed. Of the 3818 children, 1712 children were excluded. Thus, 2106 children were included and were vaccinated with HepB in the study.

however, for anti-HBs-negative children after a single dose of
booster, 3 doses are needed.

Materials and Methods

Study participants

This research was performed in Longquan County, Xinqu
County, Yuhuan County, Kaihua County, and Changshan
County in Zhejiang province, in 2009-2010; two towns were
selected in each county as research sites. Sample subjects were
clustered based on school enrolment. Children were selected
who were born between 1993 and 2003, and who had received
three vaccinations against the hepatitis B virus: at birth, at 1
mo and at 6 mo of age (children born between 1993 and 1997
received 10 pg hepatitis B Vaccine prepared from plasma; chil-
dren born between 1998 and 2003 received 5 pg recombinant
hepatitis B vaccine), Children who had previously received
booster vaccinations were excluded from this study, as were chil-
dren who tested positive for HBsAg, anti-HBs or antibody to
hepatitis B ¢ antigen (anti-HBc). A flowchart of the participants
enrolled in the study is summarized in Figure 1. We ascertained
whether children had received a primary hepatitis B vaccine by
checking their vaccination certificates. Finally, the children’s
ages were calculated on the survey date, and then rounded to the
nearest whole number in years. This study was approved by the
Institutional Review Board of the Zhejiang Center for Disease
Control and Prevention, and written informed consent was
obtained from every parent.

Specific inclusion criteria were as follows:
1. Born between May 1, 1993 and September 30, 2003 and vac-

cinated against HBV at 0, 1, and 6 mo;
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N

Never received a Hepatitis B vaccine booster;

3. Parental willingness to participate in the follow-up study and
to have their child’s blood sampled after vaccination;

4. Stable home address since birth;

5. No acute illness within the previous 7 d; no fever within the
past 3 d (armpit temperature 238 °C); and no allergies or
severe reaction to vaccination.

6. All information regarding the study was provided to the par-

ents, and the consent form was signed by them.

Designs and Methods

Methods

After acquiring informed consent from the parents or guard-
ians, 3 ml blood samples were collected from each subject. Booster
vaccinations of Hepatitis B vaccine (lot number: 20090309
(01-06), dosage: 10 pg HBsAg; produced by Dalianhanxin
Biotechnology Co Ltd. lot number: 20071223(1-9), dosage:
5 pg HBsAg; produced by Shenzhenkangtai Biotechnology Co
Ltd.) were administered by intramuscular injection in the upper
arm deltoid according to the immunization procedure used at
months 0, 1, and 6. One month after the first and the third dose
of booster vaccine injections, 3 ml blood samples were collected
from each subject and preserved for testing.

Lab testing and sample processing

Frozen separated serum samples were sent to ADICON Clinical
Laboratories, Inc. in Hangzhou for quantification of HBsAg, anti-
HBs, and anti-HBc by chemiluminescence immunoassay (CLIA).
Samples with anti-HBs = 1000 mIU/ml were diluted for further
testing, while samples with anti-HBs = 15000 mIU/ml were
excluded from further analysis to avoid large errors in the results.

Volume 10 Issue 2



Apparatus and reagents
An Architect-i2000 (Abbott) was used for the chemical
luminescence immunoassay. The reagent lot number for the
HBsAg tests was 70318HNOO (Abbott Laboratories). An sig-

measurement data (normal continuous variables) and Wicoxon

nal to noise(S/N) ratio = 0.05 was considered to be positive.

The reagent lot number for the anti-HBs tests was 75684M100
(Abbott Laboratories), and an anti-HBs > 10 mIU/ml was con-

sidered to be positive and to provide protection against HBV
infection. The reagent lot number for the anti-HBc tests was

72448M100 (Abbott Laboratories), and an anti-HBc = 1 mIU/

ml was considered to be positive.

Data analysis
A database EpiData3.2 (EpiData) was established, and statis-
tical analysis was performed using SPSS 18.0 and Excel 2003. We
used the McNemar test for related samples enumeration data and
Chi-square test or the Fisher exact test for independent samples
enumeration data and the Student 7 test for independent sample
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