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Abstract
Chronic hepatitis B virus (HBV) infection due to vertical transmission remains a critical concern with regards to eliminating HBV
infection. Implementation of hepatitis B vaccine, the foundation to prevent perinatal and horizontal transmission, has reduced the
prevalence of HBV by>80%. In countries where the hepatitis B immune globulin (HBIG) is available, such as China and the United
States, the administration of HBIG and hepatitis B vaccine to the infants of mothers who are positive for hepatitis B surface antigen
has become a standard practice and is effective in preventing vertical transmission. Accumulating evidence on the efficacy and safety
of antiviral prophylaxis during pregnancy indicates the probability of attaining the goal of the World Health Organization to
eliminate hepatitis by 2030. In this review, we discuss the transmission routes, diagnostic criteria, and preventive strategies for
vertical transmission. A preventive program that includes screening before pregnancy, antiviral prophylaxis during pregnancy, and
postpartum immunoprophylaxis provides “perfect strategies” to eliminate vertical transmission. However, there is still a notable
gap between “perfect strategies” and real-world application, including insufficient coverage of timely birth dose vaccine and the
efficacy and necessity of HBIG, especially in mothers who are negative for hepatitis B envelope antigen. In particular, there is a clear
need for a comprehensive long-term safety profile of antiviral prophylaxis. Therefore, feasible and cost-effective preventive strategies
need to be determined across regions. Access also needs to be scaled up to meet the demands for prophylaxis and prevalence targets.
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Introduction

Although the universal hepatitis B virus (HBV) vaccination
program has been implemented for almost 20 years, HBV
infection is still a public health priority, with approximately
257 million chronic infections worldwide.[1] The annual
number of deaths related to HBV-associated cirrhosis or
hepatocellular carcinoma surpasses those caused by human
immunodeficiency virus (HIV), tuberculosis, andmalaria.[2]

Vertical transmission, occurring during pregnancy or
perinatal periods, remains a major route for the persistence
ofHBV infection in endemic areas, such asChina, Southeast
Asia, and sub-Saharan Africa. Moreover, HBV infection at
birth is associated with a risk of up to 90% in developing a
chronic infection, which is much higher than the infections
in later life via horizontal transmission, approximately 20%
to60% in children aged 1 to5 years and5%to10% inolder
children and adults.[3] In endemic areas, vertical transmis-
sion has been estimated to account for 40% to 50% of
chronic infections[4,5]; furthermore, the infected offspring
become reservoirs for subsequent horizontal infection.
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More significantly, the population acquiring chronic
HBV infection through vertical transmission is more prone
to severe liver diseases and poor response to antiviral
therapy.[6] In 2016, theWorldHealthOrganization (WHO)
endorsed a globalhealth strategy to eliminate hepatitis B as a
public health threat by 2030, which aims to reduce the
incidence of hepatitis and hepatitis-related mortality by
90% and 65%, respectively, by 2030. Consequently, the
prevention of vertical transmission has become the most
efficient and critical method to meet these objectives.

Based on the mechanisms of vertical transmission, three
major strategies have been adopted to prevent transmis-
sion during pregnancy and perinatal periods. The primary
strategy for preventing vertical transmission is three or
more doses of hepatitis B vaccine, including a timely dose
at birth. The application of hepatitis B immunoglobulin
(HBIG) immediately after birth is recommended for infants
born to mothers with chronic HBV infection. The use of
antiviral agents to suppress HBV viral activity during
pregnancy can theoretically reduce the risk of transmission
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during pregnancy and delivery. Antiviral agents that
exhibit strong effects and high viral mutation barriers are
preferred for pregnant women with high HBV viremia. In
this concise review, we discuss the significant efforts to
disrupt the vertical transmission and highlight these issues
that need further attention. By applying such efforts, there
is a clear expectation of meeting the goal set by the WHO
and eliminating HBV infection.
Routes of vertical transmission

It is proposed that vertical transmission canoccur atany stage
of pregnancy (intrauterine, peripartum, or postpartum),
including each stage from in utero to breastfeeding. The
significant success of postpartum immunoprophylaxis
addresses that vertical transmission predominantly occurs
during the peripartum period. Whereas postpartum com-
bined prophylaxis cannot completely block the viral
transmission, this supports the fact that transplacental
leakage orHBV-infected villous endothelial cells and infected
maternal peripheral blood mononuclear cells represent a
separate mechanism for intrauterine transmission. The
cellular transfer of HBV via the placenta was demonstrated
byagradual reduction in theproportionofHBVmarkers and
HBV-infected cells in different placental compartments from
the maternal side to the fetal side.[7,8] The likelihood of
intrauterine infectionwas increasedwithagreater proportion
of infected HBV cells in the placenta, especially when villous
capillary endothelial cells were infected.[8] Furthermore, the
positive association between HBV DNA level and intrauter-
ine transmission provided further confirmation for transmis-
sion through the placenta and HBV-infected cells.

Previously, researchers have also proposed that HBV can
be transmitted by infected germ cells. Hepatitis B surface
antigen (HBsAg), hepatitis B core antigen, and HBV DNA
have all been identified in oocytes at different develop-
mental stages from female HBV carriers.[9,10] The close
relationship between HBV covalently closed circular DNA
expression in the human ovary, and the high infection rate
in infants provides strong evidence for the role of oocytes
in intrauterine transmission.[11] Kong et al[12] demonstrat-
ed that HBV could replicate in oocytes and that
transmission to the fetus was associated with serum levels
of HBV DNA and the status of hepatitis B envelop antigen
(HBeAg). In a previous study, integration of HBV genes
was detected in the early stages of hamster embryos; the
researchers considered that the gene had been transmitted
by sperm from male HBV carriers. By using reverse
transcription-polymerase chain reaction analysis and
fluorescence in situ hybridization analysis, the researchers
showed that sperm-mediated HBV genes were capable of
replicating and expressing in early embryonic cells.[13]

Nevertheless, the integration of viral DNA occurred at
multiple sites and was non-specific[14]; furthermore, the
transmission was not further confirmed in the offspring. In
the postpartum immunoprophylaxis era, with a pooled
transmission rate of almost zero following antiviral
prophylaxis during pregnancy, the proposed role of germ
cells in the transmission of HBV remains doubtful.

Another concern for vertical transmission is breastfeeding.
Although HBV DNA and HBsAg can be detected in breast
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milk, researchers have failed to identify an increased risk of
transmission in breastfed infants.[15] Hepatitis experts
have also considered the risk of exposure to large daily
amounts of breast milk with regards to the fragile nature of
the gastrointestinal mucosa and the immature status of
digestive function. With appropriate immunoprophylaxis
at birth, the increased rate of transmission by contact with
bleeding nipples or broken skin on breast sores has not
been demonstrated thus far.[16] Considering the gastroin-
testinal tract not the primary route of HBV transmission
and the benefits associated with breastfeeding, guidelines
promote, and encourage breastfeeding following the
administration of a whole course of passive-active
immunoprophylaxis to the newborns of HBsAg-positive
mothers.[17-20]
Diagnostic criteria for vertical transmission

A wide range has been reported for the rates of HBV
vertical transmission; this variability is due to the previous
lack of a universal diagnostic standard for HBV vertical
transmission. The detection of HBsAg and/or HBVDNA is
regarded as a positive sign of infection. However, the
transplacental transfer of maternal antibodies can affect
the diagnosis of vertical transmission. With dynamic
investigation, the positive rate of serological markers for
HBV in infants has reduced over time. It is also possible
that positivity in the umbilical cord blood or femoral
venous blood at birth could be transient or due to
contamination.[21] With systematic review and network
meta-analyses, the positive rates of HBsAg and/or HBV
DNA were shown to be comparable among infants at the
ages of 6, 7, and 12 months; furthermore, these rates were
significantly lower than the positive rates at birth.[22] Based
upon previous systematic reviews and high-quality clinical
trials,[23,24] the positivity of HBsAg and/or HBV DNA at 6
to 12 months of age is considered to demonstrate vertical
transmission. Although viral detection in liver tissue is
considered as the gold standard of diagnosis, this is not a
practical procedure and can be difficult to justify from an
ethical point of view. In addition, when tests for HBV
serological markers are unavailable at 6 to 12 months of
age, an assessment at 12 to 24 months of age is accepted as
long as routine vaccination is provided to exclude
horizontal transmission.
Interventional strategies for vertical transmission

Screening strategy for HBV

Currently, the pivotal strategies for eliminating vertical
transmission include adequate screening and preventive
measures during pregnancy and the perinatal periods.
Universal screening for HBsAg before or during pregnancy
has displayed a significant effect on reducing neonatal
infection by identifying HBV-infected mothers in endemic
regions, such as China. In such cases, the combined
immunoprophylaxis of hepatitis B vaccine and HBIG
administered soon after birth can shield infants from
peripartum infection. The clinical assessment of liver
function and laboratory tests for serological HBV markers
and HBV DNA could help to evaluate the status of HBV
infection. Joint management should be counseled by
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obstetricians for the well-being of the fetus and mother,
and by hepatologists with regards to their hepatitis disease
status during pregnancy, delivery, and the postpartum
period. However, there is controversy relating to the
routine screening for HBV, because HBIG is unavailable in
some countries. In these regions, HBV vaccination is the
only postpartum preventive measure against vertical
transmission; routine screening is not cost-effective
because it does not provide additional management for
the infants of HBsAg-positive mothers.

Following a comprehensive systematic review and meta-
analysis, the WHO has identified that HBeAg has a high
sensitivity to predict cases in which immunoprophylaxis
might fail and therefore provides an alternative risk factor
for vertical transmission.[25] Under these circumstances,
the universal screening of HBsAg and HBeAg is suggested;
the newborns of women who are positive for HBsAg and
HBeAg could benefit from antiviral intervention. In
addition, a test for hepatitis B surface antibody (HBsAb)
is also preferred in HBV endemic regions; vaccination
could be administered for childbearing women who are
HBsAb-negative, as acute infection could occur during
pregnancy. The changes in physiological and immune
function during this period make pregnant women more
susceptible to HBV infection.
Postpartum immunoprophylaxis

As the most cost-effective measure for eliminating HBV
infection, the hepatitis B vaccine was first introduced in the
early 1980s and has been recommended as a national
immunization program in all countries by theWHO.Adose
of hepatitis B vaccine at birth has demonstrated a significant
effect in reducing mother-to-newborn transmission
[Figure 1A]. A timely dose at birth followed by two or
more doses of vaccine has reduced the prevalence of chronic
HBV by almost 90% in infants of HBeAg-positive mothers
and almost all in HBeAg-negative mothers [Figure 1B and
1C].[1] Timely administration of the vaccine is crucial for
interrupting vertical transmission and compliance in
completing the vaccination series.[26] In endemic regions
with a significant proportionofHBeAg-positive population,
such as theWestern PacificRegion, the efficacy of hepatitis B
vaccine could be reduced to as low as only 50% to 75%
without timely administration of vaccines at birth.[27]

Unfortunately, only 46% of infants receive a timely dose
of vaccine at birth and only 87% of these completed the
whole course of vaccination on schedule globally; this
deviates significantly from the 90% coverage target set by
the WHO.[1] The lowest coverage of strategies involving
three doses and a birth dose of hepatitis B vaccine (76% and
4%, respectively) was reported in the African Region, a
highly endemic region with a high risk of vertical
transmission.[28] Thus, scaling up the coverage of vaccina-
tion, particularly, the timely birth dose is the primary
requirement towards the global elimination of HBV.

HBIG is the purified product of human immunoglobulin
from human plasma that contains a high titer of HBsAb
and could reduce or even prevent HBV infection.[29] The
efficacy of the combined hepatitis B vaccine and HGIB has
been fully confirmed in infants from HBeAg-positive
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mothers.[1,30] Where resources are available, the combina-
tion of HBIG with hepatitis B vaccine may be of additional
benefit for newborns whose mothers are HBeAg-positive
[Figure 1B]. However, the HBIG option is conditional on
the existence of a comprehensive antenatal screening
program for HBV infection and the limitations that may be
imposed by local resources. As a blood product, the costs
of screening for infectious diseases and cold chain storage
cause significant limitations with regard to the application
of HBIG. In addition, controversy exists as to whether
HBIG should be given to the newborns of HBeAg-negative
mothers. Some studies have shown that hepatitis B vaccine
alone may be sufficient for preventing the transmission of
HBV in the neonates of HBeAg-negative mothers.[31,32]

Moreover, there is a lack of evidence comparing the risk of
immunoprophylaxis failure in neonates of HBeAg-nega-
tive mothers receiving vaccine alone or the vaccine
combined with HBIG. In addition, the recommended dose
for HBIG differs across countries. In the United States, the
standard dose of HBIG in infants ranges from 220 U/mL to
>312 U/mL (Hyper Hepatitis B vaccine S/D: 220 U/mL,
HepaGam: >312 U/mL, Nabi-HB: >312 U/mL)[33]; in
contrast, current guidelines recommend a dose of 100 IU in
China. A recent prospective study demonstrated that
different doses of HBIG exhibited similar efficacies.[34]

Considering cost-effectiveness, the combination of 100 IU
of HBIG and hepatitis B vaccine is reasonable and can be
recommended for the prevention of perinatal transmission.
There is only scant information in the existing literature
related to the protective effect of HBIG in terms of
preventing infantile fulminant hepatitis; such effects are yet
to be confirmed in clinical practice.[35]
Antiviral prophylaxis during pregnancy

The combination of passive and active immunization has
significantly reduced the rate of vertical transmission;
however, there is still approximately 10% immunopro-
phylaxis failure.[36] Persistent HBV infection can still be
detected despite the administration of standard combined
immunoprophylaxis; the rate can be as high as 9% to 22%
in neonates of mothers with high viremia.[37-40] Accumu-
lating evidence shows that high viremia before delivery acts
as a robust predictive factor for vertical transmission.[25]

Adopting antiviral therapy to suppress maternal HBV
DNA before delivery has become the standard recommen-
dation for HBsAg-positive mothers with a high viral load,
as reported in the most recent guidelines from associations
for the study of liver disease.[17,18,41,42] However, there is
still debate related to the optimal viral load cut-off to
initiate HBV antiviral prophylaxis. The previous cut-off
was derived from retrospective observational studies,[37,38]

or a randomized controlled trial.[43] Recent systematic and
meta-analysis commissioned by the WHO showed that the
risk of vertical transmission is increasing continuously in
mothers with different ranges of viral load. This study has
reported the risk of vertical transmission stratified by
narrow ranges of viral loads, 2� 105 U/mL appears to be
the optimal threshold for antiviral prophylaxis during
pregnancy.[25] Another systematic reviewandmeta-analysis
revealed a transmission rate of about 1% in pregnant
womenwithHBVDNA levels of 104 to 106U/mL.[36] These
differences can be explained by the exclusion of peripartum
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antiviral prophylaxis in the systematic review carried out by
the WHO. Given the goal to eliminate hepatitis, antiviral
prophylaxis could be suggested to pregnant women with a
high riskof vertical transmission, such as ahistoryof vertical
transmission, indications of invasive procedures, and a
family history ofHBV infection; however, patient education
and informed consent would also be required. In clinical
work, the physician should be cautious when converting
from copies/mL to IU/mL and comparing data from
different methodologies and platforms.[44] The time points
used for HBV DNA quantification may also influence the
assessment, as these may be affected by the immune status
of pregnancy. In addition, most previous studies did not
describe the timing used for the assessment of viral
replication.

HBeAg status, which indicates active viral replication and
acts as a tolerogen and immunogen, has also been
demonstrated to be associated with immunoprophylaxis
failure. Previous investigations further confirmed that the
HBeAg test is a reliable alternative to HBV DNA
quantification and can identify high-risk populations
where the use of an HBV DNA assay is unavailable.[25]

Very few studies have compared the risk of transmission
between the second and the third trimester. Although
infrequent, the cases of HBV vertical transmission are still
being reported even if their mothers commenced antiviral
prophylaxis in late pregnancy.[45,46] A network meta-
analysis revealed that the administration of antiviral
agents in early-middle pregnancy appeared superior to that
in late pregnancy in terms of preventing vertical transmis-
sion.[47] High-quality clinical trials have demonstrated the
efficacy and safety profiles of antiviral prophylaxis
initiated from 24 weeks of gestation to prevent vertical
transmission.[43,48] Based on the available evidence,
antiviral prophylaxis initiated before 28weeks of gestation
is preferred to achieve viral suppression below the
recommended threshold before delivery.

Randomized controlled studies and data reported from the
Antiretroviral Pregnancy Registry have demonstrated the
efficacy and fine tolerance of tenofovir disoproxil fumarate
(TDF), (GlaxoSmithKline PLC, Middlesex, United King-
dom) for use in pregnantwomen and fetuses. The frequency
of adverse events in pregnantwomen receiving TDF, such as
postpartum hemorrhage, the rate of cesarean section, birth
defects, and preterm birth, is similar with the general
population.[49] An up to 6 to 7 year follow-up study after
delivery showed comparable long-term growth, renal
function, and bone development in infants exposed to
TDF during pregnancy, thus demonstrating that the
administration of TDF during pregnancy is safe, although
the number of infants enrolled in this particular study was
small.[50] Another first-line oral antiviral agent that is
described in the current HBV guidelines is tenofovir
alafenamide (TAF) (Gilead Sciences, Inc., CA, the United
States). This agent exhibits high levels of antiviral activity
and a high barrier to resistance; it is also safe and effective in
terms of preventing vertical transmission.[51,52] On-going
randomized controlled trails will provide valuable evidence
for the application of TAF in pregnant women, particularly
in women suffering from kidney and bone diseases.
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Achievements in China

As a country with the greatest population of HBsAg-
positive individuals, the rate of HBV infection among
women of childbearing age currently remains at a medium-
high level (6.61%); each year, almost one million neonates
are born to HBsAg-positive mothers in China. To reduce
the disease burden associated with chronic hepatitis, the
Chinese government has made strenuous effort to disrupt
the transmission of HBV and has achieved notable success.
Since 1992, hepatitis B vaccines have been integrated into
the national immunization program, and have been
provided free of charge to all neonates since 2005.[53]

Among the 16 countries with the greatest number of HBV-
infected children, China is the only one with timely birth
dose coverage of >90%.[1] The additional administration
of HBIG combined with the vaccine within 12 h of birth
has been applied as a standard procedure for neonates of
HBsAg-positive mothers; this represents a strategy that is
available free of charge for this particular population. As
the primary strategy of disrupting disease transmission,
screening for HIV, syphilis, and HBV during pregnancy
has been integrated into routine maternal and child health
services. Pregnant women are offered all three tests
simultaneously and free of charge.[54] Collectively, these
efforts have reduced the prevalence of HBsAg to 0.94% in
children of 5 to 15 years of age and 0.32% in children < 5
years of age.[55] In addition, TDF is also a safe and efficient
means of interrupting vertical transmission and has led to
the probability of reaching zero vertical transmission with
<50 US dollars per month; this represents an affordable
solution for most families against the burden of chronic
hepatitis.

Based on the accumulating evidence, an effective and
affordable standardized intervention procedure for HBV
vertical transmission has been identified in China and
provides a model that shows how countries with a high
HBV prevalence can reduce the number of new infections
by applying proactive national strategies, and serves as an
example for other regions.
Research gap

As a pivotal step towards eliminating HBV infection, we
must consider the remaining gaps in our knowledge so that
we can completely eradicate vertical transmission. There
has been much debate about universal screening for HBV
in pregnant women and administering HBIG to newborns,
especially those born to HBeAg-negative mothers. Con-
sidering the limited access to HBIG and the need to screen
for infectious diseases, the use of HBIG-free strategies, such
as vaccination in conjunction with antivirals administered
peripartum, could be a cheaper and more accessible option
compared with HBIG. A range of clinical trials is now
underway to provide evidence for this consideration.
Furthermore, the transmission of HBV, hepatitis C virus,
and HIV can all occur during intrauterine and intrapartum
periods. The influence of co-infection by hepatitis C virus
and HIV on the vertical transmission of HBV has yet to be
fully elucidated. In addition, HBV genotypes have a
distinct geographical distribution across continents and are
associated with the prevalence of HBeAg, a determinant
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Figure 1: Relationship between the prevalence of vertical transmission and different preventive measures, including hepatitis B vaccine, HBIG, and NAs prophylaxis. (A) The prevalence of
vertical transmission with different prophylaxis measures in pregnant women with chronic HBV infection; (B) The prevalence of vertical transmission with different prophylaxis measures in
HBeAg-positive pregnant women; (C) The prevalence of vertical transmission with different prophylaxis measures in HBeAg-negative pregnant women. HBeAg: Hepatitis B envelop antigen;
HBIG: Hepatitis B immune globulin; HBV: Hepatitis B virus; NAs: Nucleotide analogues.
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for the mode of HBV transmission.[56,57] Whether HBV
genotypes influence the strategies required for preventing
vertical transmission is another significant concern. The
Global Alliance for Vaccine and Immunization has been
launched since 2000; however, hepatitis B vaccines have still
not been widely adopted in low-income countries. Oral
antiviral agents administered during pregnancy may
provide a less costly option for women whose infants
would not receive a timely birth dose vaccine. Finally, the
long-term outcomes in offspring experiencing intrauterine
TDFexposure, aswell as the safety of TAF, require intensive
research to address the current gaps in knowledge.
Conclusion

Preventing new infection among infants is pivotal to ensure
elimination of HBV infection, which requires reaching a
0.10% prevalence of HBsAg in children under 5 years of
age by 2030. As shown in [Figure 1], the administration of
vaccines is the key strategy if we are to eliminate vertical
transmission; vaccination has led to >80% reduction in
prevalence thus far. HBIG provides additional benefit
when available and has led to an obvious reduction in the
transmission in infants born to HBeAg-positive mothers
[Figure 1B]. Screening for HBsAg and HBeAg is strongly
recommended as this would guide the use of antiviral
prophylaxis. Considering feasibility and cost-effectiveness,
vaccines and antiviral agents may be sufficient to prevent
HBV transmission, although high-quality evidence is still
required. There are substantial gaps in our knowledge with
regards to the prevention of vertical transmission between
recommendations and routine practices in low-income
countries, thus highlighting the importance of the
feasibility of present recommendations to eliminate HBV
vertical transmission in the endemic regions. In addition,
future research is required to explore feasible measures
that could be adhered to in low-income regions. In
2829
countries with available measures including hepatitis B
vaccine and HBIG, such as China, Japan, and the United
States, screening pre-pregnancy and standard preventive
strategies are pivotal for preventing vertical transmission.
Promoting and implementing these strategies is of the
greatest importance to eliminate vertical transmission.
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