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Abstract

Background and Aims: The World Health Organization
(WHO) Western Pacific Region set a target of eliminating
mother-to-child transmission (MTCT) of hepatitis B virus
(HBV) by 2030. To assess the feasibility of this target in China,
we carried out an epidemiological study to investigate the
status quo of MTCT in the real-world setting. Methods: One
thousand and eight hepatitis B surface antigen-positive preg-
nant women were enrolled at 10 hospitals. Immunoprophy-
laxis was administered to infants. In addition, mothers with
HBV DNA level >2,000,000 IU/mL were advised to initiate
antiviral therapy during late pregnancy. A health application
called SHIELD was used to manage the study. Results: Nine
hundred and five of the enrolled mothers, with 924 infants,
completed the follow-up. Birth-dose hepatitis B vaccine and
hepatitis B immunoglobulin were received by 99.7% and
99.7% of infants, respectively, within 24 h after birth. There

were 446 mothers who received antiviral therapy, including
72.3% of the mothers with HBV DNA level >2,000,000 IU/mL
and 21.0% of the mothers with HBV DNA level <2,000,000
IU/mL. Eight infants were infected with HBV. The overall rate
of MTCT was 0.9%. Birth defects were rare (0.5% among in-
fants with maternal antiviral exposure versus 0.7% among
infants without exposure; p=1.00). Conclusions:The MTCT
rate was lower than the WHO Western Pacific Region elimina-
tion MTCT target in this real-world study, indicating that a
comprehensive management composed of immunoprophy-
laxis to infants and antiviral prophylaxis to mothers may be
a feasible strategy to achieve the 2030 WHO elimination goal.
Citation of this article: Yin X, Han G, Zhang H, Wang M,
Zhang W, Gao Y, et al. A real-world prospective study of
mother-to-child transmission of HBV in China using a mobile
health application (Shield 01). J Clin Transl Hepatol
2020;8(1):1–8. doi: 10.14218/JCTH.2019.00057.

Introduction

Mother-to-child transmission (MTCT) is the major mode of
hepatitis B virus (HBV) exposure in areas with a high
prevalence of HBV infection.1 MTCT among children born to
hepatitis B surface antigen (HBsAg)-positive mothers will
induce high rates of chronic HBV infection and is associated
with high rates of severe clinical outcomes, such as liver cir-
rhosis, liver failure and hepatocellular carcinoma.2,3

Combined immunoprophylaxis, including hepatitis B
vaccine (HepB) birth dose and hepatitis B immunoglobulin
(HBIG), administered within 24 h of birth to infants born to
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HBsAg-positive mothers is the most effective measure for
preventing MTCTof HBV.4,5 However, despite immunoprophy-
laxis, MTCT cannot be completely prevented, and immuno-
prophylaxis fails in 2-5% of infants born to mothers with
high levels of HBV DNA.6–8

In 2017, the Regional Framework for Eliminating MTCT of
Human Immunodeficiency Virus, Hepatitis B and Syphilis in
Asia and the Pacific, 2018-2030 (Triple elimination) proposed
an integrated and coordinated approach towards elimination
of these three infections.9 The framework adopts the target of
0.1% HBsAg prevalence among children by 2030, as set by
the Global Health Sector Strategy on Viral Hepatitis 2016-
2021. It also suggests antiviral therapy for mothers with
high viral load for the Regional Framework for Eliminating
MTCT of hepatitis B, building upon previous successful hepa-
titis B vaccination programs.

In China, the HBV infection rate has been significantly
decreasing since the universal immunization of newborns was
initiated.10 The latest epidemiological survey (in 2014)
showed that the HBsAg prevalence was as low as 0.32%
among children under 5 years-old, as compared to 9.67% in
1992.11 China has a large population of HBsAg-positive preg-
nant women. It was reported that there were approximately
one million infants born to HBsAg-positive mothers in 2015.12

It is a great challenge, however, to decrease the HBsAg prev-
alence further in children under 5 years-old in order to
achieve the World Health Organization (WHO) 2030 goal.

In the past decade, antiviral therapy during late pregnancy
in mothers with high HBV DNA has been shown to be effective
in preventing MTCT of HBV7,8,13–15 and is recommended by
hepatitis B guidelines for the management of pregnant
women with chronic hepatitis B.1,16–18 In previous studies,
no infant was infected with HBV in the group of hepatitis B e
antigen (HBeAg)-positive mothers receiving antiviral therapy
during late pregnancy,7,8 which indicates that elimination of
HBV MTCT is possible with routine immunoprophylaxis for all
infants and additional antiviral therapy for HBsAg-positive
mothers with high viral load.

Since 2007, China established a rigorous strategy for
prevention of HBV MTCT that requires immunization (timely
HepB birth dose and HBIG plus two additional doses of HepB),
and in 2010, universal screening of HBV in pregnant women
was started. Given the increasing evidence of the effectiveness
of maternal antiviral therapy in preventing MTCT, we initiated
the Shield Project across China — aiming towards zero HBV
transmission rate in infants born to HBsAg-positive mothers.19

Methods

Study design and population

This was a prospective, multicenter, observational cohort study
to investigate the status quo of MTCT of HBV in the real-world
setting (ClinicalTrials.gov No. NCT03539016). The study was
conducted between July 2015 and May 2018 in 10 hospitals in
China. The subjects included pregnant women at gestational
weeks 4-32 and their infants. The main inclusion criteria were
pregnant women with positive HBsAg test for a minimum of six
months, good compliance, and they and their infants could be
followed-up as planned. Pregnant women were excluded if
they had a positive serologic test for human immunodeficiency
virus or hepatitis C virus, any comorbidity that might reduce
compliance, or if they were unable or unwilling to use themobile
health application. Immunoprophylaxis was administered to

infants following the national Chinese vaccination schedule,
i.e. HBIG and first dose of hepatitis B vaccine within 12 h after
delivery and the other two doses of hepatitis B vaccine at 1 and
6 months of age. In addition, mothers with HBV DNA level
>2,000,000 IU/mL were advised to initiate antiviral therapy
during late pregnancy. Enrolled mothers and infants were
prospectively followed until infant post-vaccination serologic
testing (PVST) was performed at 7-12 months of age.

Data collection and laboratory testing

The information of the enrolled mothers, including their demo-
graphic data, antiviral treatment history, pregnancy and labor
history, and comorbidities, were collected from prenatal medical
records. HBV serologic markers, including HBsAg, antibody to
HBsAg, HBeAg, antibody to HBeAg and antibody to hepatitis B
core antigen, HBV DNA levels, alanine aminotransferase,
aspartate aminotransaminase, total bilirubin, direct bilirubin,
and albumin were measured at baseline, at gestational week
28, and at delivery for all enrolled mothers. Additional tests
included liver ultrasound at baseline and PVST for infants at
7-12 months of age. The mode of delivery, neonatal character-
istics (height, weight, head circumference, Apgar score, and
birth defect) and breastfeeding were noted. The patient’s HBV
DNA level and HBV serological markers were measured with the
Roche COBAS TaqMan platform (with the lower limit of detec-
tion of 20 IU/mL) and Roche Elecsys (Basel, Switzerland).
Maternal HBV DNA levels at gestational weeks 24-28 and
infant HBV serological markers at 7-12 months were measured
at the central laboratory set up by the research group. All other
markers were measured at each participating center.

Use of the mobile health application

A mobile health application called “SHIELD” was developed
and used in this study to collect data and provide support for
communication between mothers and their doctors. All labo-
ratory test reports, questionnaires and other relevant infor-
mation was uploaded into SHIELD and made available to
mothers and doctors. Mothers could consult with their doctors
via SHIELD during the follow-up (Fig. 1).

Outcomes

The primary outcome was the rate of MTCT following the
administration of immunoprophylaxis and antiviral therapy.
The secondary outcome was any potential adverse effect
noted among infants following antiviral exposure, including
birth defect and infant growth. The rate of MTCT was defined
as the proportion of infants who were positive for HBsAg, while
they had a detectable HBVDNA level when PVSTwas performed.

Statistical analysis

Continuous variables are presented as the means ± standard
deviation, and the means are compared by Student’s t-test or
the nonparametric Mann-Whitney U test. Categorical varia-
bles are presented as proportions and Pearson’s chi-square
test or Fisher’s exact test were used to compare groups.
The association between covariates and the rate of MTCT
were assessed with univariate analysis. All statistical tests
were two-sided. A p-value <0.05 was considered statistically
significant. All data were analyzed by SPSS 22.0 (IBM Corp.,
Armonk, NY, USA).
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Ethics approval

The study was conducted in accordance with Good Clinical
Practice, following local regulations and ethical principles
described in the Declaration of Helsinki. The study protocol
was approved by the ethics committee at each participating
center. All authors had access to the study data and reviewed
and approved the final manuscript.

Results

Enrollment and follow-up

One thousand and twenty HBsAg-positive pregnant women
were screened. Among them, 12 pregnant women were
excluded due to not meeting the eligibility criteria, 23
pregnant women withdrew informed consent, 11 lost
fetuses before delivery, and 69 were lost to follow-up. There-
fore, a total of 905mothers and 924 infants completed follow-
up (Supplementary Fig. 1). The main reasons for loss to
follow-up were moving away and parental unwillingness to
let their infants undergo blood sampling.

Characteristics of the mothers and infants

The characteristics of the mothers and infants are listed in
Table 1. The distribution of viral load in HBeAg-positive
mothers and HBeAg-negative mothers is depicted in Fig. 2.

Up to 73.4% of HBeAg-positive mothers had an HBV DNA
level of more than 6 log10 IU/mL, compared to 6.5% of
HBeAg-negative mothers (p<0.001).

Maternal antiviral therapy

There were 49.3% of the mothers enrolled in the study
receiving antiviral therapy during pregnancy with either
telbivudine (LdT), tenofovir disoproxil fumarate (TDF), or
lamivudine (LAM). Among the three nucleot(s)ide analogues,
LdT (76.8%) was the most frequently used, followed by TDF
(19.9%) and LAM (3.3%). Nearly half (46.4%) of the 442
mothers received nucleot(s)ide analogues before gestational
week 28, while 49.5% received between gestational weeks
28 to 32, and 4.1% after gestational week 32. A higher
percentage of HBeAg-positive pregnant women received
antiviral therapy compared to HBeAg-negative pregnant
women (71.5% vs. 13.0%). Up to 72.3% of 499 pregnant
women with an HBV DNA level of more than 2,000,000 IU/mL
received antiviral therapy, compared to 21.0% of those with
an HBV DNA level of less than 2,000,000 IU/mL (Supple-
mentary Fig. 2).

Neonatal immunoprophylaxis

Data on the immunoprophylaxis was obtained from 918 infants
whose records were available and complete. The coverage of
HepB birth dose and HBIG was 99.8% and 99.9%,

Fig. 1. Use of the mobile health application SHIELD to manage this study.
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respectively. The coverage of timely HepB birth dose within 24
h after birth was 99.7%, and 98.1%within 12 h after birth. The
coverage of timely HBIG within 24 h was 99.7%, and 99.1%
within 12 h after birth. The immunization schedule of four out
of ten hospitals involved in this study included two doses of
HBIG 100 IU, administered to infants born to HBsAg mothers
at birth and 1 month of age. In this cohort, 46.6% of 916
infants received two doses of HBIG 100 IU.

Rate of MTCT

In total, eight infants were found to be positive for HBsAg and
had detectable HBV DNA after PVST. All eight infants were
born to HBeAg-positive mothers with a high viral load. All of
them received timely HepB birth dose and HBIG, except for
one who was a preterm infant. The rates of MTCTwere 0.9%
in 905 HBsAg-positive mothers, 1.4% in 561 mothers who

were both HBsAg- and HBeAg-positive mothers, and 1.6% in
499 mothers who had an HBV DNA level of more than
2,000,000 IU/mL, respectively. The characteristics of the
eight infected infants and their mothers are listed in Table 2.

In the 499 mothers with an HBV DNA level of more than
2,000,000 IU/mL, 72.3% received antiviral therapy during
late pregnancy. Four HBV-infected infants had maternal
antiviral exposure and four were without maternal antiviral
exposure. Thus, the rates of MTCT were 1.1% and 2.9% in
361 mothers with antiviral therapy and 138 without antiviral
exposure, respectively (p=0.15).

Risk factors for MTCT

Based on the data for the entire cohort, we analyzed the risk
factors of MTCT. The results of univariate analyses are listed in
Table 3. In the univariate analyses,maternal viral load and HBeAg
status were found to be associated with MTCT. We did not find an
association betweenMTCTandmode of delivery, feeding practice,
history of threatened abortion and threatened preterm birth, and
history of invasive procedures during pregnancy.

Infant safety outcomes

Among the liveborn infants, there were no significant differ-
ences in the rate of birth defect between infants with maternal
antiviral exposure during pregnancy and those withoutmaternal
antiviral exposure (0.5% vs. 0.7%, p=1.00). The gestational
age, mode of delivery, weight, height, head circumference and
Apgar score at birth were similar in the two groups (Table 4).

Discussion

A real world study enrolling 1008 HBsAg-positive mothers
and their infants was prospectively conducted to investigate
the status quo of MTCT in the real world. The results show
that the rate of MTCTamong HBV-exposed infants was 0.9%,
in the context of high coverage of birth dose immunization
and maternal antiviral intervention during pregnancy.

For all infants, free three-dose HepB was provided by the
Chinese government, guided by the National Immunization
Schedule. In this cohort, the timely HepB birth dose and HBIG
were 99.7% and 99.7%, respectively. In addition, antiviral
therapy was administered to 49.3% of mothers in this cohort.
In this study, LdT is the most frequently used NA, followed by
TDF and LAM. LdT, LAM and TDF were recommended for
maternal antiviral therapy in the previous Chinese chronic
hepatitis B guideline.1 In June 2014, TDF was approved in
China. Before that, LdT and LAM were used in preventing
MTCT.8,13,14 However, TDF and LdT are preferably recommen-
ded for preventing MTCT of HBV, guided by the latest Chinese
recommendation,20 while TDF is preferably recommended in
the American Association for the Study of Liver Diseases and
European Association for the Study of the Liver guidelines.16,17

Eight infants were found to be infected by HBV who were
all born to HBeAg-positive mothers with an HBV DNA level of
more than 2,000,000 IU/mL. Four infants were born to
mothers who received antiviral therapy and HBV DNA level
was less than 5 log10 IU/mL in two of four mothers and was
more than 6 log10 IU/mL in one of four mothers at delivery.
This result indicated that in the real world, even if HBeAg-
positive mothers with a high viral load received antiviral
therapy and their infants received immunoprophylaxis, perina-
tal infection cannot be completely prevented. One explanation

Table 1. Characteristics of the HBV-infected pregnant mothers and their
infants enrolled in the Shield study, China, 2015-2018

Characteristics Total, n=905

Maternal characteristics at baseline

Age in year, mean 6 SD 28.264.2

Alanine aminotransferase

No. of mothers with data* 892

Mean 6 SD, U/L 32.2642.5

Distribution, n (%)

<13ULN, 40 U/L 732 (82.1)

$13ULN to <23ULN 101 (11.3)

$23ULN to <53ULN 47 (5.3)

$53ULN 12 (1.4)

HBV DNA

No. of mothers with data† 904

Log10 (HBV DNA), mean6SD 5.762.6

Distribution as log10 HBV DNA, n (%)

Undetectable 38 (4.2)

Detectable to <6 345 (38.2)

$6 to <8 311 (34.4)

$8 210 (23.2)

HBeAg

No. of mothers with data‡ 893

Distribution, n (%)

Negative 332 (37.2)

Positive 561 (62.8)

Infant characteristics at birth, mean 6 SD

Head circumference in cm 33.261.3

Length in cm 49.861.8

Birth weight in kg 3.260.5

Apgar score 9.760.6
*This category excludes 13 mothers without ALT records.
†This category excludes one mother without HBV DNA data.
‡This category excludes 12 mothers without HBeAg records.

Abbreviations: HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; SD, standard
deviation; ULN, upper limit of normal.
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for this is that intrauterine infection occurred in the infants. In
fact, one of the four infants was found to be positive for HBV
DNA at birth, which indicated an intrauterine HBV infection.
Another possible explanation is that these infants’ infections
were caused by vaccine-escape mutants with altered binding
capacity for the antibody to HBsAg.21,22 Another four infected
infants were born to mothers who had an HBV DNA level of
100,000,000 IU/mL but without antiviral therapy during preg-
nancy. One infant did not receive birth dose vaccine due to
prematurity. Delayed immunoprophylaxis for premature or
low-birthweight (<2000 g) infants is most likely the cause of
these infections. It is recommended that premature infants
should also receive timely immunoprophylaxis.23,24

In this study, the rates of MTCT were 0.9% and 1.4% in
HBsAg-positive mothers and in HBsAg- and HBeAg-positive
mothers, respectively, which was much lower than the rates
reported in previous studies.10,25 Besides that, the MTCT rates
were 1.1% and 2.9% in HBsAg-positivemothers with high viral
load with antiviral exposure and those without antiviral expo-
sure, respectively. Although an apparent reduction in the rate
of MTCT was found, there was no significant difference in the
rates of MTCT between the two groups. The reason may be the
low rate of MTCTand that the sample size is not large enough in
this study. Similar to our study, a recent study in Thailand
demonstrated that the immunoprophylaxis failure rate was
2.0% in the group without maternal antiviral therapy.7

The threshold HBV DNA level for maternal antiviral therapy
varies among hepatitis B guidelines. An HBV DNA level of
more than 2,000,000 IU/mL is recommended in the China
hepatitis B guidelines as the threshold for antiviral therapy to
prevent MTCT,1 whereas HBV DNA level of more than 200,000
IU/mL has been recommended in the American Association
for the Study of Liver Diseases and European Association for
the Study of the Liver guidelines.16,17 In addition, in Australia
and New Zealand, the threshold is set at 10,000,000 IU/mL.26

In this real-world study, all eight HBV-infected infants were
born to mothers with HBV DNA level of more than
100,000,000 IU/mL. This result implied that the threshold
for antiviral therapy may be higher than the current level in
the context of high coverage of timely HepB birth dose and
HBIG. On the contrary, in the area where coverage of timely

HepB birth dose and HBIG is low, antiviral therapy during
pregnancy might be a compensatory approach for preventing
MTCT. Currently, it is important to objectively evaluate the
significance of maternal antiviral therapy in preventing
MTCT of HBV. Based on immunoprophylaxis, maternal antivi-
ral therapy could be used to complement current prophylaxis
in mothers with high viral load to prevent MTCT. On the one
hand, we should avoid overuse of maternal antiviral therapy
in those who are unlikely to transmit to their infant perina-
tally. On the other hand, we should do our best to prevent
MTCT and its consequent outcomes in HBsAg-positive
mothers with a high viral load and in their infants.

Univariate analysis showed that HBeAg positivity and high
viral load were strongly associated with MTCT. To identify
mothers who have a high risk of MTCT, HBeAg and HBV DNA
are the most important factors. Ideally, all HBsAg-positive
mothers should have a measurement of HBV DNA levels so
that antiviral prophylaxis can be administered to those with a
high viral load. However, HBV DNA quantification is expensive
and may not be available in remote or under-developed areas
due to its cost and technical requirements. In our study, 73.4%of
HBeAg-positive mothers had an HBV DNA level of more than
2,000,000 IU/mL, compared to 6.5% of HBeAg-negative
mothers. Thus, if HBeAg was utilized to screen high-risk
mothers for antiviral therapy, 6.5% of HBeAg-negative mothers
with an HBV DNA level of more than 2,000,000 IU/mL will be
missed, whereas 26.6% of HBeAg-positive mothers with an HBV
DNA level of less than 2,000,000 IU/mL will be over-treated.
Considering that few infants born to HBsAg-positive and HBeAg-
negative mothers would be perinatally infected by HBV after
timely immunoprophylaxis at birth,11,25 HBeAg screening might
be an acceptable alternative to HBV DNA quantification, espe-
cially in areas where HBV DNA testing is unavailable.

The SHIELD mobile application was innovatively developed in
this study. First, this new tool was used as an electronic data
capture system to collect data including laboratory test reports,
immunoprophylaxis and antiviral therapy information, etc. In
addition, SHIELD broke down barriers among hepatologists,
gynecologists and HBV-infected mothers, providing a platform
for communicating without restrictions of time and space.

Fig. 2. Viral load distribution in hepatitis B e antigen-positive and hepatitis B e antigen-negative mothers.
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SHIELD is exploring a new model of management for pre-
venting MTCT.

The WHO has set the goal to eliminate viral hepatitis as a
major public health threat by 2030, which includes reducing
the prevalence of HBsAg among 5 year-old children to
0.1%.27 The WHO Regional Office for the Western Pacific set
2.0% as the target for eliminating MTCTof HBV. In this study,
the rate of MTCT could achieve this target in the real world, in
the context of high coverage of birth dose immunization and
over 70%maternal antiviral intervention in mothers with high
viral load. The overall coverage of hepatitis B vaccination has
increased steadily, having reached 95% in urban areas in
China by 2005.28 Besides that, the recommendation for
maternal antiviral intervention has been widely accepted.
Thanks to the government’s policy, the prices of antivirals
fell sharply in China, improving the affordability and availabil-
ity of antivirals. We believe that the 2030 elimination target
would be achievable nationwide in the future.

China has achieved major success in the prevention and
control of hepatitis B.29 To further reduce the rate of MTCT of
HBV, actions have already been taken by both government
sectors and non-government organizations in China. In
December 2017, the National Health Commission (Ministry
of Health) officially launched the aptly-named Triple Elimination

of MTCT for Hepatitis B, Human Immunodeficiency Virus, and
Syphilis Initiative. In July 2015, we launched the Shield Project
with the aim of reducing or even eliminating MTCT of HBV. A
collaborative network for preventing MTCT has been established

Table 3. Univariate analyses on risk factors of mother-to-child transmission

Variables

Mother-to-child transmission

p-valueYes No

Total 8 (0.9%) 897 (99.1%)

HBeAg 0.03

Positive 8 (1.4%) 553 (98.6%)

Negative 0 (0.0%) 332 (100.0%)

HBV DNA level at gestational week 28 in log10 IU/mL 0.002

<6 1 (0.2%) 449 (99.8%)

$6 to <8 0 (0.0%) 183 (100.0%)

$8 7 (2.9%) 237 (97.1%)

Initiation time of antiviral therapy 1.00

<28 weeks 2 (1.0%) 203 (99.0%)

$28 weeks to <32 weeks 2 (0.9%) 215 (99.1%)

$32 weeks 0 (0.0%) 20 (100.0%)

Mode of delivery 0.54

Vaginal 4 (0.7%) 552 (99.3%)

Cesarean section 4 (1.2%) 355 (98.9%)

Feeding practice 0.48

Breastfeeding 3 (0.6%) 499 (99.4%)

Formula feeding 5 (1.3%) 394 (98.8%)

History of threatened abortion/threatened preterm labor 0.28

Yes 2 (1.7%) 116 (98.3%)

No 6 (0.8%) 781 (99.2%)

History of invasive procedure 1.00

Yes 0 (0.0%) 7 (100.0%)

No 8 (0.9%) 890 (99.1%)

Abbreviations: HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.

Table 4. Characteristics and birth defects of the infants

Variable

Maternal antiviral therapy

p-valueYes, n=446 No, n=459

Head circumference
in cm

33.161.3 33.261.3 0.14

Length in cm 49.961.8 49.861.9 0.05

Birth weight in kg 3.260.5 3.260.5 0.39

Apgar score 9.760.5 9.760.7 0.10

Gestational age in
week

39.461.5 39.161.7 0.12

No. of cesarean
section

181
(40.4%)

179
(38.2%)

0.49

No. of birth defect 2 (2/440,
0.5%)

3 (3/447,
0.7%)

1.00
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and 29,420 HBsAg-positive mothers and 1630 doctors were
enrolled in 124 hospitals nationwide by September 2019. The
Shield Project will provide high-level evidence for implementing
public health policies to prevent MTCT of HBV and will facilitate
the process of eliminating MTCT of HBV in China and globally.

The limitation of this study is that the percentage of HBeAg-
positive mothers in this study could not represent the natural
distribution in pregnant women with chronic HBV infection due
to more HBeAg-positive mothers being willing to participate in
our study compared to HBeAg-negative mothers.

In conclusion, The MTCT rate was lower than the WHO
Western Pacific Region elimination MTCT target in this real-
world study, indicating that a comprehensive management
composed of immunoprophylaxis to infants and antiviral
prophylaxis to mothers may be a feasible strategy to
achieve the 2030 WHO elimination target.
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