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ABSTRACT
Postvaccination serologic testing (PVST) is utilized to monitor the success or failure of vaccination against 
hepatitis B virus (HBV) infection in infants of hepatitis B surface antigen (HBsAg) positive mothers. This 
secondary analysis of 1255 infants of HBsAg-positive mothers at 7–14 months age included in two 
prospective studies aimed to determine the optimal interval for PVST after three hepatitis B vaccine 
doses. HBsAg and anti-HBs were quantitatively tested with microparticle enzyme immunoassay. The 
average PVST interval was 3.8 ± 2.2 months. Overall, 1.7% (21/1255) infants had anti-HBs <10 mIU/mL. 
The non-response rates were 1.6%, 1.1%, 0.9%, 0.7%, 1.1%, 0.7%, and 5.7% when PVST was performed at 
an interval of 1, 2, 3, 4, 5, 6, and 7–8 months after the third vaccine dose, respectively. Compared with 
1 month of PVST interval, the non-response rate in infants who underwent PVST 7–8 months was 
significantly higher (χ2 = 4.616, P = .032). Anti-HBs titers were significantly declined in infants with medium 
responses when PVST was performed with longer intervals (χ2 = 27.592, P < .001), actually declined from 
interval of 6, and 7–8 months (Z = −3.177, P = .001 and Z = −3.715, P < .001), respectively. These results 
indicate that PVST may be performed at the age of 7–12 months for infants vaccinated on 0, 1, and 
6-month schedule. To identify non-responders as early as possible, we suggest that PVST is performed at 
7 months age or 1 month after the final vaccine dose.
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Introduction

Chronic hepatitis B virus (HBV) infection is a serious global 
health problem because of its severe sequelae such as cirrhosis 
and hepatocellular carcinoma. Mother-to-child transmission 
(MTCT) is the major cause of chronic HBV infection. Since 
the administration of hepatitis B immunoglobulin (HBIG) 
and/or hepatitis B vaccination in infants of HBV-infected 
mothers, MTCT of HBV has been reduced from 70–90% to 
5–10% in infants born to carrier mothers with positive hepatitis 
B e antigen (HBeAg) and from 10–30% to nearly zero in infants 
born to carrier mothers with negative HBeAg.1–3

Postvaccination serologic testing (PVST) for hepatitis 
B surface antigen (HBsAg) and antibodies against HBsAg 
(anti-HBs), proposed by Centers for Disease Control and 
Prevention (CDC) of USA,4 is critical to monitor the success 
or failure of the immunoprophylaxis against hepatitis B in 
infants born to HBsAg-positive mothers. The timing for 
PVST has been evolved from at age 12–15 months in 19904 

to age 9–18 months in 2005,5 and further to age 9–12 months 
(or 1–2 months after the final dose of the vaccine series, if the 
vaccination schedule is delayed) in 2015,6 because of the dis
continuation of Hib/HepB vaccine (Comvax) and new data 
from the Enhanced Perinatal Hepatitis B Prevention 

Program.7 In addition, to avoid detection of passive anti-HBs 
from HBIG administered at birth, PVST is not recommended 
before age 9 months.5,6

Generally, anti-HBs levels ≥10 mIU/mL after completion of 
3-dose hepatitis B vaccine series are considered to be seropro
tective, and infants with anti-HBs levels ≥10 mIU/mL are 
defined as vaccine responders.8 Infants who have anti-HBs 
levels <10 mIU/mL after a 3-dose vaccine series are defined 
as non-responders and they require an additional 3-dose vac
cine series.6 Anti-HBs levels usually reach a peak value at 
1 month after completion of primary vaccination course and 
then anti-HBs levels tend to decline.9–11 Studies have also 
demonstrated that intervals between the final dose of hepatitis 
B vaccine and PVST are associated with waning of anti-HBs 
titers.7,11–14 Thus, we questioned, for infants born to HBsAg- 
positive mothers who receive vaccination on the 0, 1, and 
6 months schedule, whether PVST at the age of 9–12 months 
may increase the proportion of vaccine non-responders, since 
the interval between the completion of vaccine series and PVST 
is 3–6 months, during which anti-HBs levels may be waning. In 
the present study, we compared the anti-HBs titers in infants 
who were born to HBsAg-positive mothers and who received 
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hepatitis B vaccine on the 0, 1, 6 months schedule, but who 
received PVST at different time points to further study an 
optimal interval for PVST.

Methods

Study subjects

We performed a secondary analysis of the data on two groups 
of infants participated in two multicenter prospective cohort 
studies (Figure 1). Group 1 was composed of 284 infants who 
participated in the study to evaluate the safety and efficacy of 
telbivudine used in the third trimester of pregnant women in 
preventing MTCT of HBV.15 Group 2 consisted of 982 infants 
who participated in the study to evaluate the protective efficacy 
of earlier use (within 1 hour after birth) of passive-active 
immunoprophylaxis against MTCT of HBV.16 A total of 1266 
infants at 7–14 months of age were initially enrolled, and 11 
infants who were infected with HBV (tested HBsAg positive) 
were excluded. Thus, in total, 1255 infants were included in the 
present investigation.

This study was approved by the institutional review boards 
(IRB) of the Nanjing Drum Tower Hospital. As serum samples 
used in this study were collected in the previous investigations, 
in which all mothers gave the written informed consent for 
their infants, the exemption of written informed consent was 
approved by the IRB of Nanjing Drum Tower Hospital in this 
study.

Laboratory tests and outcome assessment

HBsAg and anti-HBs were quantitatively tested with micro
particle enzyme immunoassay (Architect, Abbott, North 
Chicago) in the Nanjing Drum Tower Hospital. Infants who 
were positive for HBsAg and negative for anti-HBs were con
sidered as immunoprophylaxis failure and HBV infection. The 
protective anti-HBs level in serum was ≥10 mIU/ml. Infants 
with anti-HBs levels ≥1000, 100–999.9, 10–99.9, and <10 mIU/ 
ml were, respectively, defined as high-, medium-, low-, and 
non-responders as described elsewhere.17

Statistical analysis

Normally distributed continuous variables were presented as 
mean ± SD. The anti-HBs were presented as geometric mean 
concentration (GMC) followed by minimum and maximum 
values and compared by Mann-Whitney U tests. Categorical 
variables were compared by Chi-square or Fisher’s exact tests. 
All statistical analyses were conducted using SPSS 13.0 (SPSS, 
Inc., Chicago, IL, USA). P < .05 indicated statistically signifi
cant difference.

Results

Demographic characteristics of enrolled infants

Baseline characteristics of 1255 infants are described in Table 1. 
The average age of infants was 9.8 ± 2.2 months at follow-up. 
The average PVST interval was 3.8 ± 2.2 months.

Anti-HBs response to hepatitis B vaccination in different 
PVST intervals

Overall, 21 (1.7%) of 1255 infants had anti-HBs <10 mIU/ml 
(ranged 0.5–9.5) and they were defined as non-responders. The 
non-response rates were 1.6%, 1.1%, 0.9%, 0.7%, 1.1%, 0.7%, 
and 5.7% in 1 month, and 2, 3, 4, 5, 6, and 7–8 months of PVST 
intervals after the third vaccine dose, respectively. Compared 
with 1 month of PVST interval, the non-response rate in 
infants who underwent PVST at an interval of 7–8 months 
was significantly higher (χ2 = 4.616, P = .032) (Table 2).

The distribution of anti-HBs responses in infants with dif
ferent PVST intervals is shown in Figure 2. Compared with 
1 month of PVST interval, the changes of the proportions of 
high, medium, low, and non-responders showed statistically 
significant, when PVST was performed at an interval of 
≥4 months after the third-dose vaccine (≥10 months age), 
with the proportions of low- and median-responders increased 
and high-responders decreased (Figure 2). In addition, the 
anti-HBs GMCs in infants between different PVST intervals 
are presented in Table 3. Anti-HBs titers were significantly 
declined in infants with medium responses when PVST was 

Figure 1. Flow diagram of 1255 infants enrolled in the study.
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performed with longer intervals, actually declined from inter
val of 6, and 7–8 months (Z = −3.177, P = .001 and Z = −3.715, 
P < .001), respectively.

Discussion

Our present study showed that the proportions of non- 
responders to the 3-dose serial hepatitis B vaccination in 
infants born to HBsAg-positive mothers were comparable 
when PVST was performed at each time point during 
a 6-month period after the third vaccine dose (at 7–12 months 
age), and the proportion of the non-responders was signifi
cantly increased when PVST was performed 7–8 months after 
final vaccine dose (13–14 months age). Our data support the 
PVST for hepatitis B serological markers should be performed 
no later than 12 months age or 6 months after the third dose of 
hepatitis B vaccine.6

Currently, PVST for HBsAg and anti-HBs after the comple
tion of serial hepatitis B vaccination is recommended to per
form at the age of 9–12 months, and not to perform before age 

Table 1. Baseline characteristics of enrolled infants (N = 1255).

Characteristics Results

At birth
Male infant, n (%)

Male 683 (54.4)
Female 572 (45.6)

Gestational period (week) 39.3 ± 1.4
Birth weight (g) 3396.1 ± 462.6
Birth length (cm) 50.1 ± 1.2
Apgar score (1 min) 8.7 ± 0.7
Delivery mode, n (%)

Vaginal 636 (50.7)
Cesarean section 619 (49.3)

At 7–14 months follow-up
Feeding pattern, n (%)

Breast milk/ Mix feeding 754 (60.1)
Formula feeding 501 (39.9)

PVST interval (month), n (%)
1– 191 (15.2)
2– 278 (22.2)
3– 220 (17.5)
4– 141 (11.2)
5– 95 (7.6)
6– 136 (10.8)
7–8 194 (15.5)

Table 2. Non-response rates of infants with different PVST intervals.

PVST interval (month) after the 
third dose vaccine

Rate of non- 
responders (%)

Statistical 
analysis (χ2) P

1– 3/191 (1.6)* – –
2– 3/278 (1.1) 0.213 0.645
3– 2/220 (0.9) 0.372 0.542
4– 1/141 (0.7) 0.537 0.464
5– 1/95 (1.1) 0.130 0.719
6– 1/136 (0.7) 0.488 0.485
7–8 11/194 (5.7) 4.616 0.032

*Reference variable.

Figure 2. Distribution of anti-HBs responses in infants with different PVST intervals. The proportions of high, medium, low, and non-responders in each interval were 
compared with 1 month of PVST interval. P values were determined using Mann–Whitney U tests. n.s., not statistically significant; *, P < .05; **, P < .001.
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9 months.6 However, in our present study, 1.6% (3/191) and 1.1% 
(3/278) of infants had anti-HBs levels <10 mIU/ml at the age of 7 
and 8 months, respectively, and they were non-responders to 
hepatitis B vaccine. Based on the seroprotective levels of anti- 
HBs ≥10 mIU/ml, these infants were susceptible to HBV. The 
non-responders require revaccination with another serial three- 
dose hepatitis B vaccine as soon as possible, since they are at great 
risk for exposure to HBV due to the close contact with their HBV- 
infected mothers. Although PVST at 9 months age may maximize 
the likelihood of detecting late HBV infection,6 it may also leave 
the non-responders at the risk of HBV infection. Currently, it is 
hard to estimate the transmission rate of HBV in infants who were 
born to HBsAg-positive mothers and who were non-responders 
to hepatitis B vaccination, since no such study has been reported. 
However, HBV transmission may occur in such non-responders. 
An infant who was negative for both HBsAg and anti-HBs at 
7 months age and who was not revaccinated became HBsAg 
positive at 12 months age,1 although whether the infection in 
this infant occurred before or after 7 months age remains as an 
open question, because administration of HBIG and/or hepatitis 
B vaccine may delay the establishment of HBV infection and 
increase the incubation period.18,19 Nevertheless, revaccination 
in non-responders with 3-dose series on the 0, 1, and 6-month 
schedule, followed by another PVST after the final vaccine dose, is 
recommended.6Thus, the late HBV infection, if occurred, can be 
still detected by PVST after the second full vaccination.

Thus, for identification of non-responders to hepatitis 
B vaccine, PVST may be performed at any time at 7–12 months 
age or within 1–6 months after the final vaccination. 
Considering that non-responders are susceptible to HBV infec
tion and require revaccination, we consider that the optimal 
timing for PVST is at 7 months age or 1 month after the final 
vaccine dose, because such a practice may identify non- 
responders as early as possible. The proposed PVST timing 
here is somewhat different from that at the age of 9–12 months 
proposed by the CDC of USA;6 the CDC recommends not to 
perform PVST before 9 months age and the reason is to avoid 
detection of passive anti-HBs in HBIG administered at birth 
and to maximize the likelihood of detecting late HBV 
infection.6 However, in theory, the passive anti-HBs in infants 
derived from the administration of 100–200 IU HBIG at birth 
should be almost disappeared at age of 7 months, a time period 
that covers 12 half-lives (21–24 days) of IgG antibodies. Thus, 
it is less likely that the passive anti-HBs in infants obtained 
from HBIG used at birth may influence on the detection of 
active anti-HBs induced by hepatitis B vaccination. In other 
words, anti-HBs in infants at 7 months should be actively 
produced by hepatitis B vaccination, rather than passively 
obtained from HBIG injected at birth.

Our findings that children at the age of 13–14 months 
had higher proportion of anti-HBs levels <10 mIU/ml than 
those at the age of 7–12 months (Table 2) indicate that anti- 
HBs considerably decline 6 months after the final vaccine 
dose. Thus, identification of non-responders to hepatitis 
B vaccine should be done within 6 months after the final 
vaccination. Otherwise, those responders who have anti-HBs 
levels <10 mIU/ml with growing age may be mistakenly 
considered as non-responders,20 which may draw misleading 
conclusions.21
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One limitation of our study was that the total GMCs of anti- 
HBs could not be calculated and compared for those with anti- 
HBs ≥1000 mIU/ml because the upper detection limit of the 
assay is 1000 mIU/ml and we did not measure anti-HBs after 
dilution of serum samples. Another limitation was that the non- 
responders who were suggested to receive another 3-dose series 
on 0, 1, and 6-month schedule were not further followed up.

In conclusion, our findings indicate that PVST should be 
taken at the age of 7–12 months for infants who received 
hepatitis B vaccination on the 0, 1, and 6 months schedule. 
PVST at 7 months of age or 1 month after the third vaccine 
dose can identify the non-responders as early as possible so that 
revaccination with serial three-dose hepatitis B vaccine can be 
started in a timely manner to maximize the protective efficacy of 
hepatitis B vaccination in infants born to HBV-infected mothers.
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