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Conclusion: In this study, there was a 43.9% HBV infection rate and 10.7% HBsAg carrier rate
in high-risk Taiwanese children even after receiving HBIG and HB vaccinations. C-section
may protect newborns from becoming HBsAg carriers, while HBV genotype and time of
HBIG injection did not contribute to the HBV carrier rate.
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At a glance commentary
Scientific background on the subject

In Taiwan, HB vaccinations combined with postnatal
HBIG injections have significantly decreased the preva-
lence of HBV infection with a success rate of 55.6% in
high-risk infants of HBeAg-positive mothers. However,
even though the prevalence of HB among parturients in
Taiwan continues to decrease, investigations on the
long-term efficacy of HB vaccination among children
born to HBeAg-positive mothers are still needed.

What this study adds to the field

Our study showed there was a 43.9% HBV infection rate
and 10.7% HBsAg carrier rate in high-risk Taiwanese
children born to HBeAg-positive mothers even after
receiving HBIG and HB vaccinations. Cesarean section
may protect newborns from becoming HBsAg carriers,
while HBV genotype and time of HBIG injection did not
contribute to the HBV carrier rate.

In Taiwan, a universal hepatitis B (HB) vaccination program
was launched in July 1984, and this pioneer immunoprophy-
laxis program has been shown to be a good example of the
control of hepatitis B virus (HBV) infection, especially in an
endemic area [1,2]. In addition to introducing a four-dose
serum-derived or three-dose recombinant vaccine for all ba-
bies, hepatitis B immunoglobulin (HBIG) is also administered
within 24 h after birth to newborns born to HBeAg-positive
mothers. Although the prevalence of HBV infection in chil-
dren and the incidence of hepatocellular carcinoma (HCC) and
fulminant hepatitis in vaccinated children have successfully
been reduced in the last 20 years [3], HBV-carrier infants and
the breakthrough of HBV infection in vaccinated children
have still been reported [4—6].

Vertical transmission of HBV from infected mothers to
their fetuses or newborns, either in utero or peripartum, re-
mains a major source of perpetuating the reservoir of
chronically infected individuals globally [7]. In addition,
many studies have investigated the long-term impact of HB
vaccine failure on infants born to HBeAg-positive mothers,
because the reduction in incidence rate ratio since the
launch of the universal HB vaccination program for HCC
(68%—75%) is not as high as that for chronic HBV infection
(90%) [8,9]. Even though the prevalence of HB among partu-
rients in Taiwan continues to decrease and has already
dramatically decreased to 2.6% in those vaccinated against
HB [10], investigations on the long-term efficacy of HB
vaccination among children born to HBeAg-positive mothers
are still needed.

The rate of HBV breakthrough infection in Asia among in-
fants born to chronic HBV-infected mothers has been reported
to be 1%—11.8%, and HBeAg-seropositive vaccine failure HBV-
carrier children have been associated with delayed HBeAg
seroconversion [9]. In addition, approximately 97% of HCC

cases among children born after the launch of the vaccination
program have been reported to be HBV-related due to vaccine
failure and/or not receiving HBIG at birth in long-term follow-
up studies [2,11]. Therefore, many studies have investigated
the factors that may be associated with HB vaccine failure,
especially in countries with a history of nationwide vaccina-
tion programs for more than 30 years as in Taiwan, in order to
decrease maternal—fetal transmission and increase HB
vaccination efficacy.

The aims of this study were to investigate the success rate
of the HB vaccination program in Taiwan, elucidate the HBV
infection and HBsAg carrier rates, and identify the associated
perinatal factors among children born to HBeAg-positive
mothers.

Materials and methods

All experiments were performed in accordance with relevant
guidelines and regulations. Informed consent was obtained
from all participants for chart review and blood sampling to
check their HB status. This study was approved by the Insti-
tutional Review Board of Chang Gung Memorial Hospital in
Taiwan (number 99—3556B) and was funded by a grant from
Chang Gung Memorial Hospital (CMRPG8C0492).

Subjects

From 2001 to 2010, 8696 deliveries were recorded by the
Department of Obstetrics in Kaohsiung Chang Gung Memorial
Hospital in Southern Taiwan. Among these deliveries, 1595
infants born to 1256 mothers were positive for HBsAg and all of
them didn't have any antiviral therapy before delivery. Two
hundred and sixty-three mothers who were confirmed to be
HBeAg-positive during pregnancy and all of their children were
invited back to the hospital to be checked in April 2011. In this
study, we only recruited the children born to mothers who were
confirmed to be HBsAg and HBeAg positive during pregnancy.

Cross-sectional study

All participants were asked about their HB vaccination history
and underwent upper abdominal ultrasonography and blood
sampling for both HBV seromarkers and liver function tests.
Ultrasonography was performed by five hepatologists using
Philips (ATL) HDI 5000 SonoCT system (Philips Medical sys-
tem, DA Best, The Netherlands) and Toshiba Aplio 50 SSA-
700A (Toshiba, Tokyo, Japan) system. The HB serological
markers included HBsAg, anti-HBs and anti-HBc. HBV DNA
was also checked in the participants who were positive for
anti-HBc, and quantitative tests of HBsAg and HBeAg were
also performed for the participants who were positive for
HBsAg. We also analyzed the genotype of HBV in the mothers
and children with positive HBV DNA. Levels of HBsAg, anti-
HBs, anti-HBc and HBeAg were determined using a micro-
particle enzyme immunoassay (MEIA) (AxSYM, Abbott GmbH
& Co. KG, Wiesbaden, Germany). Liver function tests,
including alanine transaminase (ALT) were performed using
an automated biochemical analyzer (model TBA-200FR;
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Toshiba Co., Tokyo, Japan) with GPT-]JS kits (Denka Seiken Co.
Ltd., Niigata, Japan). In addition, we recorded and summarized
perinatal factors from medical records, including maternal
gestational diabetes, gestational age at birth, mode of delivery,
duration of the second stage of labor, the time interval from
birth to HBIG injection, birth body weight, birth body height,
and Apgar score 10 min after birth.

Quantitative HBsAg was studied using a chemiluminescent
microparticle immunoassay (CMIA) (Architect HBsAg; Abbott
Ireland Diagnostics Division, Sligo, Ireland) according to the
manufacturer's instructions. The kits have a lower limit of
detection of 0.05 IU/ml. HBV DNA was quantified using the
COBAS TagMan HBV test (CAP-CTM; Roche Molecular Sys-
tems, Inc., Branchburg, NJ, USA), which has a lower limit of
detection of 20 IU/ml.

HBV genotyping

The HBV genotypes were determined using the restriction
fragment length polymorphism (RFLP) on the surface gene
(between nucleotide positions 256 and 796), as described
previously [12]. Surface genes were directly sequenced if the
results of HBV genotype by RFLP were ambiguous or indicated
a mixed infection.

Initial grouping of the study subjects

According to the results of HBsAg, anti-HBs and anti-HBc, all
subjects were classified into five groups [Fig. 1]. Subjects who

were negative for all three markers were classified into the HB
vaccine naive group (group 1). Subjects who were only positive
for anti-HBs were classified into the HB vaccine responder
group (group 2). Subjects who were positive for HBsAg and
anti-HBc were classified into the HBsAg carrier group (group
3). Subjects who recovered from HBV infection, including
those who were positive for anti-HBs and anti-HBc were
classified into group 4, and those only positive for anti-HBc
were categorized into group 5.

Re-grouping after a booster dose of HB vaccination

For the subjects in group 1 and 5, an additional booster dose of
HB vaccination was given followed by detection of anti-HBs 3
weeks later. The subjects with an elevation in the titer of anti-
HBs to more than 50 U/L were defined as having a positive
anamnestic response. The subjects in group 1 with a positive
anamnestic response were then re-assigned to group 2, while
the subjects in group 5 were re-assigned to group 4 if they had
a positive anamnestic response. Moreover, we administered a
complete three-dose HB vaccine to the subjects without an
anamnestic response.

Clinical phases of HBsAg carriers

Based on the natural history of chronic HBV infection, HBsAg
carriers present in three phases, including immune tolerance,
immune clearance and inactive carrier state. In this study,
subjects were defined as being carriers in the immunotolerant
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Fig. 1 Recruited high-risk children grouped by serum anti-HBc status.
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phase if they had an HBV DNA level >10 7 IU/ml, normal ALT
level and normal liver parenchyma on ultrasonography, and
were positive for HBeAg. Subjects who were negative for
HBeAg and had an HBV DNA level <200 IU/ml were defined as
being carriers in the inactive carrier state. The remaining
subjects were grouped as carriers in the immune clearance
phase.

Statistics

Continuous and categorical variables were expressed as
mean, standard deviation, and percentage. Chi-square and
Fisher's exact tests were used to analyze comparisons be-
tween groups. A p value of <0.05 was considered to be statis-
tically significant.

Results

A total of 121 (45.2%) mothers responded to our invitation, and
196 children born to these mothers met our inclusion criteria,
including 89 (45.4%) boys and 107 (54.6%) girls with a mean age
of 6.5 + 3.7 years. All of them received HBIG injections within
24 h after delivery as well as three doses of recombinant HB
vaccination at month 0, 1 and 6 after birth.

As shown in Fig. 1, 29 (14.8%) of the children were vaccine-
naive (group 1) and 81 (41.3%) had a vaccine response (group
2). Furthermore, 21 (10.7%) of the children were classified as
being HBsAg carriers (group 3), and 51 (26.0%) had recovered
from HBV infection (group 4). The remaining 14 (7.1%) children
were only positive for anti-HBc (group 5).

After receiving a booster dose of HB vaccine, 28 (96.6%) of
the 29 subjects in group 1 showed an anamnestic response
and were consequently re-assigned to group 2. All 14 subjects
in group 5 had an anamnestic response, and thus they were
re-classified into group 4. The only subjects without an
anamnestic response acquired anti-HBs after the catch-up
vaccination.

After re-allocating these high-risk children of HBeAg-
positive mothers, only 109 (55.6%) were classified as having a
successful HB vaccination (group 2). Accordingly, 174 (88.8%)
subjects were classified as having protection against HBV
(those in group 2 and group 4). There were 86 (43.9%) subjects,
including groups 3, 4, and 5 who had been or were infected with
HBV, and the HBsAg carrier rate was 10.7% (n = 21, group 3).

There were no significant differences in sex (p = 0.717),
time interval from birth to HBIG injection (p = 0.514), gesta-
tional age at birth (p = 0.975), mode of delivery (p = 0.162),
maternal gestational diabetes (p = 0.329), birth body weight
(p = 0.643), birth body height (p = 0.233), duration of the second
stage of labor (p = 0.685), and Apgar score 10 min after birth
(p = 1.000) between the vaccine responders (group 2) and the
subjects infected with HBV (group 3 & 4). Moreover, when
limited to the HBsAg carrier group (group 3), only mode of
delivery was a significant factor to protect high-risk newborns
from becoming HBsAg carriers with 37.7% of the recovered
from HBV infection group delivered by Cesarean section (C-
section) and only 5.3% of the HBsAg carrier group delivered by
C-section (p = 0.007). In addition, there were no significant
differences in aforementioned factors between the subjects
who recovered from HBV infection and the HBsAg carriers
[Table 1].

Table 1 Analysis of risk factors of HB vaccine efficacy and HBV infection rate among high-risk children born to HBeAg-

positive mothers.

Factors Comparison  HB vaccine HBsAg Subjects Subjects “p °p p
responders carrier recovered infected
n =109 (55.6%) n =21 (10.7%) from HBV with HBV
infection n = 86 (43.9)
n = 65 (33.2%)

Sex Male 51 (46.8) 10 (47.6) 28 (43.1) 38 (44.2) 0944 0716 0.717
Female 58 (53.2) 11 (52.4) 37 (56.9) 48 (55.8)

Time interval from birth to HBIG <3 h 70 (76.1) 14 (73.7) 39 (70.9) 53(71.6)  0.777 0.817 0.514
>3h 22 (23.9) 5 (26.3) 16 (29.1) 21 (28.4)

Gestational age at birth >37 weeks 84 (87.5) 19 (100) 50 (83.3) 69 (87.3) 0.212 0.107 0.975
<37 weeks 12 (12.5) 0 (0) 10 (16.7) 10 (12.7)

Mode of delivery cs 20 (20.8) 1(5.3) 23 (37.7) 24 (30.0)  0.190 0.007* 0.162
NSD 76 (79.2) 18 (94.7) 38 (62.3) 56 (70.0)

Maternal gestational diabetes No 95 (99.0) 19 (100) 57 (95.0) 76 (96.2) 1.000 1.000 0.329
Yes 1(1.0) 0(0) 3 (5.0) 3(3.8)

Baby's birth body weight >2500 g 86 (89.6) 16 (84.2) 53 (88.3) 69 (87.3)  0.448 0.696 0.643
<2500 g 10 (10.4) 3 (15.8) 7 (11.7) 10 (12.7)

Baby's birth body height >45 cm 89 (92.7) 17 (89.5) 52 (86.7) 69 (87.3)  0.642 1.000 0.233
<45 cm 7(7.3) 2 (10.5) 8 (13.3) 10 (12.7)

Second stage of labor >1h 27 (35.5) 7 (38.9) 11 (28.9) 18 (32.1)  0.789 0457 0.685
<1h 49 (64.5) 11 (61.1) 27 (71.1) 38 (67.9)

Apgar score at 10 min >9 92 (95.8) 19 (100) 56 (93.3) 75(94.9)  1.000 0.567 1.000
<9 4 (4.2) 0( 6.7) 4(5.2)

*p < 0.01.

@ HB vaccination responders versus HBsAg carriers.

® HBsAg carriers versus subjects who had recovered from HBV infection.

¢ HB vaccination responders versus subjects infected with HBV.
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HBV genotypes were obtained in 115 mother and 19 chil-
dren, and they were all either genotype B or C. There was no
significant difference in the proportion of genotype B between
the mothers (75.7%) and children (63.2%) (p = 0.267).

Among the 21 HBsAg carriers, 14 (66.7%) presented in the
immunotolerant phase, four (19%) in the immune clearance
phase, and three (14.3%) in the inactive carrier state. The ra-
tios of boys to girls were 7:7, 3:1 and 0:3, respectively
(p = 0.231), and their mean ages were 5.1 + 2.5 years, 7.0 + 2.9
years and 9.3 + 3.8 years, respectively (p = 0.068).

Discussion

Our study showed there was a 43.9% HBV infection rate and
10.7% HBsAg carrier rate in high-risk Taiwanese children born
to HBeAg-positive mothers even after receiving HBIG and HB
vaccinations. C-section may protect newborns from becoming
HBsAg carriers, while HBV genotype and time of HBIG injec-
tion did not contribute to the HBV carrier rate.

Taiwan launched the world's first successful universal HBV
vaccination program to cover all newborn since 1986 and
encouragingly, the prevention rate has been increased to 95%
with the concurrent use of HB vaccine and HBIG [4,13,14]. In
the current study, 21.9% (group 1 and group 5) of the subjects
born to HBeAg-positive mothers had no response to the HB
vaccination and undetectable anti-HBs antibodies (non-re-
sponders) even if they had received timely postnatal HBIG
injections and three-dose HB vaccination. However, more
than 97% of these non-responders achieved seroprotective
anti-HBs after receiving one booster dose, indicating the
occurrence of an anamnestic anti-HB response in most of
them, which is relatively higher than in previous studies
conducted in Taiwan [15], although some studies have re-
ported the absence of an anamnestic anti-HBs response in
approximately 25% of adolescents after one booster dose
[16,17].

In Taiwan, the overall breakthrough HBV infection rate in
children born to HBsAg-positive mothers has been reported to
be 2.46%, compared to 9.26% for children born to HBeAg-
positive and HBsAg-positive mothers, and 0.23% for those
born to HBeAg-negative and HBsAg-positive mothers [1]. In
our study, although all of the children born to mothers who
were verified to be positive for HBsAg and HBeAg during
pregnancy received postnatal HBIG within 24 h plus complete
three-dose HB vaccinations including a timely birth dose, we
still found that up to 43.8% of the children had detectable
serum anti-HBc, indicating the occurrence of a present or
previous history of HBV infection related to immunoprophy-
laxis failure. Our study confirmed similar chronic HBV infec-
tion rate as previous study published by Huey-Ling Chen et al.,
in 2012 which disclosed 9.26% chronic HBV infection rate,
however, the infection rate in our study was relatively higher
than in previous reports [5,18], and we proposed the higher
positive anti-HBc rate from Southern Taiwan was owing to the
higher breakthrough infection rate during their childhood
even these high-risk children have received complete HB
vaccination. As we know, this finding hasn't been reported
before. Furthermore, 10.7% of the subjects were chronic HBV

carriers with one-fifth already having HBeAg seroconversion.
Even so, only 66.7% of the HBV carriers presented in the
immunotolerant phase. We found a similar HBV carrier rate to
that reported by Wen et al. in Northern Taiwan however all of
the carrier children in our study had an older mean age than
those in Wen et al.’s study [19]. Considering that rate of HBV
seroconversion increases with age, we demonstrated a higher
HB vaccination failure rate in infants born to HBeAg-positive
mothers in Southern Taiwan. This discrepancy in infection
rates among vaccinated cohorts between Northern and
Southern Taiwan may be related to the difference in intensity
of medical institutions [20]. In addition, among the 21 carriers,
we found a trend of increasing age among the subjects in the
three immune phases including immune tolerance, immune
clearance and inactive phase (p = 0.068), although it did not
reach a statistically significant difference, possibly due to the
small sample size.

The factors possibly associated with mother-to-child
transmission of HBV despite immunoprophylaxis have been
frequently discussed in the past 10 years, of which maternal
viral load is the most important factor contributing to vaccine
failure [6,18,21—23]. A large-scale study by Zou et al. showed a
linear correlation between maternal HBV DNA levels and
immunoprophylaxis failure rates in 1,043 mother—infant
pairs when maternal predelivery HBV DNA levels were
higher than 6 log10 copies/mL, the failure rate was 3.2%, and
the rate further increased to 6.7% and 7.6% for DNA levels of
7—7.99 log10 copies/mL and >8 log10 copies/mL, respectively
[5]. Therefore, there is growing evidence suggesting that
treatment with antiviral drugs during the third trimester
should be given to pregnant women with HBV DNA levels >6
log10 copies/mL (>200,000 IU/mL) to reduce viral load prior to
parturition and to provide appropriate safety for both the
mothers and infants [24—27]. One meta-analysis published in
2016 also showed that, compared to the use of HBIG and
vaccination alone, antiviral therapy could improve HBV sup-
pression in women with chronic HBV infection and high viral
load to reduce the rate of mother-to-child transmission
without increasing adverse maternal or fetal outcomes [28].

Overall, 33.1% of the children with positive anti-HBc in our
study recovered from infection and 26% also had detectable
anti-HBs, meaning that the antibodies came from past HBV
infection. However, 7.1% of the subjects had anti-HBc only
with no HBsAg or anti-HBs being detected, indicating a past
history of acquired infection transiently during the disap-
pearance of anti-HBs instead of during the phase of occult
infection. Even so, all of these children had an anamnestic
response after receiving one booster dose of HB vaccination.
We also disclosed different intervals between delivery and
postnatal HBIG injection within 24 h didn't influence the
perinatal infection rate.

We found that of the high-risk newborns delivered by C-
section, more had recovered from HBV infection (37.7%) than
were HBV carriers (5.3%), and C-section was the only signifi-
cant perinatal factor affecting the protective efficacy of HB
vaccine. It is unclear whether the method of parturition af-
fects vertical transmission of HBV, although HBsAg and HBV
cannot traverse the placenta. However, HBeAg is small
enough to cross the placenta and the occurrence of HBV
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transmission during the intrapartum period can occur in three
ways, including instrumental trauma during delivery, micro-
transfusion of maternal and fetal blood, or by neonatal con-
tact with vaginal fluid or epithelium [29]. Some retrospective
studies have supported the use of C-section for infants born to
HBsAg-positive mothers to reduce perinatal infection [30—32].
For example, a meta-analysis conducted in China reported a
statistically significant decrease in vertical transmission rate
of HBV to 4.37% for mothers who underwent a C-section
compared to 9.31% for those who underwent vaginal delivery
(relative risk: 0.51, 95% CI: 0.44—0.60, p < 0.001) [33]. Trans-
placental leakage allows for the direct exchange of maternal
and fetal blood and is the most common mode of intrauterine
infection by HBV, and it can occur during early pregnancy due
to an immature placenta or late due to uterine contractions
during vaginal delivery [34]. Therefore, C-section may
decrease the risk of maternal fetal transfusion by essentially
eliminating uterine contraction and also limiting direct con-
tact with the maternal genital tract and its secretions which
occur during the second stage of labor. However, in this study,
the duration of the second stage of labor among the children
born by vaginal delivery was not associated with vaccine ef-
ficacy. Owning to a lack of randomized studies to specifically
control for other risk factors including maternal HBeAg status
and concerning the negative impact and risks of C-section
compared to vaginal delivery, C-section is not currently rec-
ommended by the Society for Maternal-Fetal Medicine or
WHO for HBsAg-positive mothers solely to prevent vertical
transmission [3]. In recent years, the use of antiviral medica-
tion during the 3rd trimester has been suggested for high-risk
mothers with a high prenatal viral load [35]. Further studies
are warranted to investigate the protective effect of C-section
on vertical transmission in mothers receiving antiviral
treatment.

In this study, we also analyzed several perinatal factors
including neonatal sex, birth body weight, height, and Apgar
score 10 min after delivery to identify possible risk factors
associated with immunoprophylaxis failure among children
born to HBeAg-positive mothers. Chronic carriers of HBV have
been reported to have a minimally increased risk of preterm
birth and low birth weight, with a more pronounced increase
in HBeAg-positive women. However, we did not find an as-
sociation between vaccine efficacy and fetal sex or birth body
weight. This may be because HBsAg-positive mothers have
been reported to have a higher chance of perinatal HBV
transmission with a lower immune response to HB vaccine
[36—38].

We also investigated whether different HBV genotypes
affected the transmission rate from HBeAg-positive mothers,
and found no significant difference in the distribution of HBV
genotype B between 115 mothers (75%) and 19 children (63.2%)
(p = 0.267). A previous study reported that the distribution of
ten known HBV genotypes varies markedly both within and
between continents, and that genotypes B and C are common
in Asia and North America [39]. Current evidence suggests
that current recombinant vaccines are effective in preventing
infections caused by all known HBV genotypes, although
some evidence suggests that the severity of clinical disease
may be influenced by HBV genotype [40,41].

There are several limitations in this study. As we know,
there is a strong correlation between risk of vertical trans-
mission and mother's HBV DNA level. However, in our study,
all the 196 children enrolled were born from 133 HBeAg-
positive mothers delivered during 2001-2010 and their
hepatitis B status were routinely tested by serum HBsAg and
HBeAg during the second or third trimester when they
visited the prenatal clinic. Since HBV DNA level was not
routinely checked in HBeAg-positive parturients during
prenatal care in Taiwan until antiviral therapy covered by
national health insurance since Feb. 2018 for these high-risk
mothers, we could not provide the information of HBV DNA
level of these mothers. In addition, the prevalence of HBsAg
carrier among parturient mothers in Taiwan has been
gradually decreasing to 12% and the prevalence rate of
HBeAg among HBsAg-positive parturients to 19% in 2010
under a nationwide HB vaccination program in Taiwan
launched since July 1984. Thus, the number of high-risk
children enrolled in this study is not big enough as some
of previous studies, however, the data indeed comes from
the biggest tertiary medical center at Southern Taiwan
during a large-scaled 10-year retrospective analysis. These
might be other limitation of this study.

In conclusion, HB vaccination combined with postnatal
HBIG injections in Taiwan have significantly decreased the
prevalence of HBV infection, with a success rate of 55.6% in
high-risk infants of HBe-positive mothers in this study.
However, our cohort still had an HBV infection rate of 43.9%
and an HBsAg carrier rate of 10.7%, although only 66.7% of the
HBsAg-carrier children presented in the immunotolerant
phase. Concerning perinatal factors affecting the protective
efficacy of HB vaccine, of the high-risk newborns delivered by
C-section, more had recovered from HBV infection (37.7%)
than were HBV carriers (5.3%). On the other hand, HBV geno-
types and the time interval from birth to HBIG injection did
not contribute to the vaccination failure rate.
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