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ABSTRACT

The long-term persistence of hepatitis B surface antibody (anti-HBs) after hepatitis B vaccination among
adults harboring isolated hepatitis B core antibody (anti-HBc) is not yet clarified. The present study aimed to
assess the immunogenicity and persistence of antibodies in adults 8 years after vaccination. A total of 309
participants including 94 participants in the isolated anti-HBs group and 215 in the control group were
recruited in this study. All subjects received three doses of hepatitis B vaccine (20 pg) at 0, 1, and 12 months,
followed by testing for serological responses 1 month after the third vaccination. Subsequently, 154
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participants were excluded because their anti-HBs data of 8 y after the first vaccination were missing. The
prevalence of isolated anti-HBc was about 11.5%, the positive seroprotection rate was 72%, and the
geometric mean titer (GMT) value of anti-HBs titer was 24.55 mIU/mL in the isolated anti-HBc group 8 y
after three doses of vaccination. No significant difference was detected in the positive seroprotection rate
(P = .434) and the GMT values of anti-HBs titers (P = .674) between the isolated anti-HBc and control groups
after 8 y. In conclusion, isolated anti-HBc-positive subjects could achieve satisfactory long-term immune
effects after hepatitis B vaccination. The GMT values of anti-HBs titers were lower than those of the control
group at 1 month, but no significant difference was detected after 8 years.

Introduction

Hepatitis B infection is a major public health concern worldwide.
According to the World Health Organization (WHO) report,
about 2 billion individuals were infected with hepatitis B virus,
257 million had chronic hepatitis B infection, and viral hepatitis
caused 1.34 million deaths in 2015. The number of deaths due to
viral hepatitis is continually increasing."”* China has the world’s
largest burden of HBV infection. At present, estimations suggest
that in China there are 86 million HBV carriers, including
32 million chronic Hepatitis B patients.’ Hepatitis
B vaccination is the most economical and effective measure to
prevent and control hepatitis B infection. Hepatitis B vaccination
of newborns was integrated into the national immunization
program of China in 1992, and newborns were encouraged to
be vaccinated at their own expense. In 2002, all newborn vacci-
nations in China were free of charge. At present, China’s new-
born hepatitis B vaccine full coverage rate had reached 99.58%."
It reduces the prevalence of infection to 1.3% in children.”
However, it was difficult to reduce the incidence of hepatitis
B in adults. More social activities and some special occupa-
tional exposure made the risk of hepatitis B infection in adults
increased. Our previous study showed that the prevalence of
hepatitis B surface antigen (HBsAg) among participants aged
15-59 y was 8.12%, which confirms that hepatitis B vaccination
is essential to prevent HBV infection in adults.” For hepatitis

B vaccine was self-financed and voluntary in adults, the current
coverage rate was only 14%.° Although several studies have
focused on hepatitis B vaccination in adults, only a few have
investigated the effectiveness in the subset of individuals with
isolated hepatitis B core antibody (anti-HBc).”™

Isolated anti-HBc is defined by the presence of anti-HBc in the
absence of HBsAg and hepatitis B surface antibody (anti-HBs).
The positive result for anti-HBc alone may be due to a nonspecific
or cross-reaction with other agents or the window period after
a recent HBV infection.'® It can also be detected in patients with
occult HBV infection, especially immunocompromised patients."!
The prevalence of isolated anti-HBc varied from 1% to 11.9% in
normal individuals;'*~'* whether an isolated anti-HBc individual
requires vaccination is yet controversial. Some studies suggested
that vaccination is used for the prevention of HBV
reactivation.''® One study pointed out that hepatitis
B vaccination may be used as a diagnostic tool for clarifying the
situation of the subjects with isolated anti-HBc."”

Anti-HBc was not a protective antibody and there was
a high percentage of false positive in anti-HBC test;'® hepatitis
B vaccine was still recommended for high-risk groups with
single positive anti-HBC. Our previous study suggested that
isolated anti-HBc individuals exhibited a decreased serological
response to HBV vaccination as compared to normal indivi-
duals at 1 month after vaccination.'” Currently, there is no
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study on the long-term persistence of isolated anti-HBc anti-
bodies in adults. Thus, the present study aimed to assess the
immunogenicity and persistence of antibodies 8 years after
vaccination in these isolated anti-HBc adults.

Materials and methods
Study procedures

This study was carried out in Nanxun County in Zhejiang
Province from May 2010 to November 2018. Participants
aged 15-48 years were recruited and asked to complete
a questionnaire that included information about gender,
date of birth, HBV vaccination history, telephone number,
and home address. All the participants were tested for
HBsAg, anti-HBs, and anti-HBc. Originally, the study
recruited 820 participants. Those with anti-HBs(+), HBsAg
(+), or incomplete information were excluded. Next, 374
participants were vaccinated with a recombinant hepatitis
B vaccine (dose 20 pg, Huabei Biotech, China). The vacci-
nations were carried out at 0-1-12-month vaccination
schedule. Finally, 309 participants were recruited, who
received the full vaccination course (three doses); also,
a blood sample was withdrawn 1 month after the first
course. 154/309 participants were unavailable to follow-up,
while blood samples were obtained from the remaining 155
patients in November 2018, i.e., 8 y after vaccination.

The exclusion criteria were as follows: organ transplan-
tation, renal dialysis, participants with hepatitis C and
acquired immune deficiency syndrome, vaccination contra-
indication, and previous vaccination against HBV. 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 persons
under 18 vy. Institutional Review Board approval was
obtained from Research Ethics Committee of Zhejiang
Provincial Center for Disease Control and prevention
(approved number: T-043-R).

Laboratory testing

Frozen serum samples were sent to Adicon Clinical
Laboratories Inc. in Hang Zhou for the quantification of
HBsAg, anti-HBs, and anti-HBc by chemiluminescence micro-
particle immunoassay (CMIA). An Architect-i2000sg (Abbott,
USA) analyzer was used to perform the CMIA. The following
signal-to-noise ratios were considered to indicate positivity:
HBsAg =20.05 IU/mL and anti-HBc levels =1 S/CO.
A previous study suggested that anti-HBs levels of 2-9.9
mIU/mL could not be considered negative in participants
with a history of vaccination or resolved infection.’® In the
current study, those who had been vaccinated against HBV
were excluded. Hence, the level of anti-HBs 210 mIU/mL was
considered positive and defined as having a protective effect
against HBV infection. A low response was defined as follows:
10 mIU/mL<anti-HBs<100 mIU/mL, while a normal response
was defined as follows: 100 mIU/mL<anti-HBs<1000 mIU/mL;
a high response was defined as follows: anti-HBs>1000 mIU/
mL after the third dose of vaccine.
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Statistical evaluation

Statistical analyses were performed using SPSS version 19.0
(SPSS Inc., IL, USA). Continuous variables were expressed as
means + standard deviation and categorical variables as fre-
quencies and proportions. Comparisons of the positive sero-
protection rate were conducted by chi-square test method and
the anti-HBs geometric mean titer (GMT) level was assessed
with t-test. Age was adjusted by logistic regression or linear
regression. Comparisons of the immune response proportion
between the two groups were analyzed by rank-sum test.
P-value <0.05 indicated a statistically significant difference.

Results
Baseline characteristics

A total of 820 participants were initially enrolled for screening,
of whom, 309 were finally included. Among those screened,
511 participants were excluded because 55 were positive for
HBsAg, 386 were positive for anti-HBs, blood was not with-
drawn from 65 at 1 month after vaccination, and 5 participants
had incomplete data. Finally, 309 participants, including 94
participants in the isolated anti-HBs group and 215 in the
control group, were recruited in this study. Of these, 154
were excluded as their anti-HBs data of 8 years after the first
vaccination were missing (Figure 1).

The mean age of the participants was 32.87 + 8.25 (range:
15-48) years. The mean age of the isolated anti-HBc group was
36.39 + 7.10 years, while that of the control group was
31.33 + 8.26 years, indicating a significant difference between
the two groups (P < .001). The cohort consisted of 41 males
(43.6%) in the isolated anti-HBc group and 89 males (41.4%) in
the control group, showing no significant difference (P = .659).

After 8 years of follow-up, 155 participants could still be
contacted (Table 1). There were 19 males (38.0%) in the iso-
lated anti-HBc group and 35 males (33.3%) in the control
group. No significant difference was noted between the isolated
anti-HBc group and the control group with respect to sex in the
followed cohort (P = .569). The mean age of the isolated anti-
HBc group was 37.84 + 6.32 years, while that of the control
group was 32.89 * 8.02 years. The difference was statistically
significant with respect to age (P < .001). The proportion of
isolated anti-HBc showed a significant age-dependent increase
5.3% (age 15-25 y), 39.4% (age 26-35 y), and 55.3% (age
36-48 ).

Immune response to the hepatitis B vaccine 1 month and
8 years later

In Table 2, the positive seroprotection rate was 91.5% at
1 month after the third vaccination and 72.0% after 8 years in
the isolated anti-HBs group (P = .002). The positive seropro-
tection rate was 95.8% 1 month after the third vaccination and
65.7% after 8 years in the control group (P < .001). Conversely,
no significant differences were detected between the two
groups at 1 month after the third vaccination (P = .125) or
after 8 years (P = .434). Furthermore, after adjusting for age, no
significant differences were observed between the two groups
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Figure 1. Study flowchart.

Table 1. Baseline information about the two groups.

Followed cohort Lost to follow-up P-value
Group N n Age (years) * Male (%)° n Age (years) * Male (%)° Age ? Male P
Isolated anti-HBc 94 50 37.84 £6.32 19 (38.0%) 44 34.73 £7.62 22 (50.0%) 0.03 0.24
Control 215 105 32.89 + 8.02 35 (33.3%) 110 29.83 + 8.24 54 (48.2%) 0.01 0.03
P-value <0.001 0.57 0.001 0.84

’t-test was used to compare the age between the two groups.
PPearson’s chi-square test was used to compare the sex between the two groups.

Table 2. Comparison of the positive seroprotection rate after 1 month and 8 years
between the two groups.

Group N n1 PSR1(%) N n2 PSR2(%) x° P
Isolated anti-HBc 94 86 915% 50 36 720%  9.578 0.002
Control 215 206 958% 105 69 657%  52.888 <0.001
P value 0.125 0.434

Adjust P-value ? 0.223 0.294

N, total number; n1, number of positive seroprotection 1 month after vaccination;
PSR, positive seroprotection rate; n2, number of positive seroprotection after
8 y. ? Age was adjusted by logistic regression.

at 1 month after the third vaccination (P = .223) or after 8 years
(P =.294).

Significant differences were detected in the anti-HBs GMT
8 years later as compared to 1 month after the third vaccination
in both isolated anti-HBsand control groups (P < .001). At
1-month after the third vaccination, the anti-HBs GMT of the
subjects in the isolated anti-HBc group was 380.19 mIU/mL
(95% confidence interval (CI): 223.87-660.69) as compared to
870.96 mIU/mL (95% CI: 645.65-1202.26) in the control group;

the difference between the two groups was statistically significant
(P = .005). However, no significant difference was detected
8 years later between the two groups 24.55 mIU/mL (95% CI:
11.22-53.70) vs. 30.20 mIU/mL (95% CI: 17.78-50.12) (P = .674)
(Table 3). After adjusting for age, significant differences were
detected between the two groups at 1 month after the third
vaccination (P = .006), while no significant difference was
noted after 8 years (P = .890).

Compatrison in the different immune responses of the two
groups to hepatitis B vaccine after 8 years

The subset of participants with different immune responses,
i.e., isolated anti-HBc and control groups are shown in Figure
2. The proportion of no-response, low-response, normal-
response and high-response in the isolated anti-HBc group
was 28.0%, 42.0%, 26.0%, and 4.0%, while in the control
group was 34.3%, 25.7%, 36.2%, and 3.8%. No significant

Table 3. Comparison of the GMT of anti-HBs between the two groups after 1 month and 8 years.

Group N GMT1 (95% CI) (mIU/mL) N GMT2 (95% Cl) (mIU/mL) t P
Isolated anti-HBc 94 380.19 (223.87-660.69) 50 24.55 (11.22-53.70) —5.895 <0.001
Control 215 870.96 (645.65-1202.26) 105 30.20 (17.78-50.12) 11.697 <0.001
P-value 0.005 0.674

Adjust P-value ® 0.006 0.890

N, total number; GMT, the geometric mean titer of anti-HBs; GMT 1, GMT 1 month later; GMT 2, GMT after 8 years. * Age was adjusted by linear regression.
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difference was detected in the proportion of immune response
between the isolated anti-HBc and control groups (P = .804).

Discussion

In the current study, the prevalence of isolated anti-HBc was
about 11.5%, while it was identified in 1-10% of the population
in areas with low HBV prevalence, such as Europe and the
USA."” In one Korean study, the prevalence in the general
population was 8.9%'' and about 10.8% in the other study.*'
The prevalence was higher in men than women and increased
with age (0.7% in the <20-y-old age group; 1.9% in the 21-40-
y-old age group; 7.4% in the 41-60-y-old age group; 17.1% in
the 61-80-year-old age group; 24.2% in the >80-y-old age
group).'* A retrospective study of Korean American subjects
found that the rate of isolated anti-HBc was significantly higher
in males (13.00%) than females (8.94%) (P < .01). The evalua-
tion of the proportion of isolated anti-HBc showed a significant
age-dependent increase in the percentage of isolated anti-HBc
individuals: 2.1% (age 21-30y); 6.9% (age 31-40 y); 15.4% (age
41-50 y); 40% (age 51-60 y); 45.8% (age 61-70 y); and 54.6%
(age 71-91 y).*' This phenomenon was similar in the current
study 5.3% (age 15-25y), 39.4% (age 26-35y), and 55.3% (age
36-48 y), causing a significant difference in the age between the
isolated anti- HBc and control groups; however, no difterence
was noted in the male proportion, which could be attributed to
the age of cohort (15-48 y). Positivity for anti-HBc alone may
be due to: (1) an aspecific reaction; (2) cross-reaction with
other agents; (3) the window period after a recent HBV infec-
tion; (4) past HBV infection with undetectable levels of anti-
HBs; (5) HBV chronic carriership with undetectable levels of
HBsAg in the blood. The prevalence of isolated anti-HBc was
high in China, and it focused on adults. Hence, vaccinating is
important because these adults may with false-positive results
or carriers of HBV, especially those who have not received
hepatitis B immunization from the childhood. As such, the
long-term immunity effects of isolated anti-HBc in adults
need to be determined.

The positive seroprotection rate was 91.5% at 1-month after
three doses of vaccination and 72% after 8 years in the isolated
anti-HBc group. The response to hepatitis B vaccine in isolated
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anti-HBc subjects ranges from 70% to 92% in various
studies.”**>** One research reported that anti-HBs serocon-
version was achieved in the anti-HBc-positive subjects after full
vaccination, and this rate was similar to that of the control
subjects (89.5% vs. 96.6%, P = .067) in a study of health-care
workers in Korea.”* However, the mean titer was significantly
lower in the isolated anti-HBc-positive group after three
rounds of vaccinations (392.9 + 122.7 vs. 669.3 + 38.1 mIU/
mL, P < .001). These findings were in accordance with those
from the study which was conducted on a cohort of subjects
from Taipei.”> Similar to the current study, all the previous
studies suggested that the geometric mean anti-HBs level was
significantly lower in the isolated anti-HBc group and minor
differences were observed in the positive seroprotection rate."”
Interestingly, one study demonstrated that anti-HBc-positive
subjects were 12.2-fold likely to fail seroconversion in HIV and
HCV as compared to normal persons (95% CI: 3.2-46.4, P
< .001).>° Thus, discrepancies in response rate to hepatitis
B vaccination among isolated anti-HBc subjects can be
explained by the age, epidemiological differences (prevalence
of HBV infection), or vaccination history of the subject.

Similar to previous studies of the normal population, the
anti-HBs levels declined progressively with time after
a primary hepatitis B immunization schedule in adults.”?’
A recent study showed sustained immune memory and long-
term protection 20-30 y after a complete primary hepatitis
B vaccination course during adulthood.”® No long-term immu-
nity effect has been reported in the isolated anti-HBc popula-
tion. Similar to the control group, we found that the positive
seroprotection rate and anti-HBs GMT in the isolated anti-
HBc group decreased with time. Moreover, no significant dif-
ferences were observed in the positive seroprotection rate and
the level of anti-HBs GMT between the two groups after
8 years. This phenomenon suggested that people with isolated
anti-HBc can gain adequate long-term immunity.

Why can the subjects of isolated anti-HBc group obtain the
same long-term immune effects as the control group? One
hypothesis was that most of the isolated anti-HBc group sub-
jects with false-positive results. The second hypothesis was that
those may prior exposured to hepatitis B virus can also benefit
from vaccination. Nevertheless, the HBV DNA and HBeAg
were not tested, and hence, we could not categorize the adult
subjects with isolated anti-HBc. Recent studies suggested that
1-2% of anti-HBc reactive units contain a low level of HBV
DNA."”*? In the follow-up study, we will observe the effect of
vaccination of those isolated anti-HBc subjects with occult
infection. The present study also has other limitations, first,
because of insufficient funding, only anti-HBs were collected
after 8 y, the status of other hepatitis B serological marks
including HBsAg, hepatitis B e antigen (HBeAg), hepatitis
B e antibody (anti-HBe), and anti-HBc were unknown.
Second, as young people like to work in big cities, the rate of
loss to follow-up was high, and a significant difference was
detected in the age between the two groups. This may affect the
power of the trial; however, a similar result was obtained when
data were analyzed after adjusting for age.

In conclusion, the positive rates and anti-HBs levels of the
isolated anti-HBc group declined progressively after a primary
hepatitis B immunization in a time-dependent manner. The
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anti-HBs-positive seroprotection rate was 72.0%, and the GMT
was 24.55 mIU/mL at 8 years after vaccination. Isolated anti-
HBc-positive subjects achieved satisfactory immune effects
post-hepatitis B vaccination. The GMT values of anti-HBs
titer were lower than those of the control group at 1 month;
however, no significant difference was detected after 8 years.
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