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Aim: The aim of this review is to emphasise the global significance
of Hepatitis B (HBV) and its vertical transmission, and to summarise
the current status of preventative strategies. Methods: A literature
review was carried out. PubMed, The Cochrane Collaboration
and Medline were searched for both primary studies and reviews
pertainingtovertical HBV transmission, its preventionand barriersto
prevention. Key words used included “HBV,” “Hepatitis B,” “vertical
transmission,” “mother to child transmission,” “prevention” and
“epidemiology.” Results: HBV is a major cause of death from liver
cancer and liver failure. HBV is the ninth leading cause of death
internationally and accounts for up to 80% of the world’s primary
liver cancers. In highly endemic areas, 75% of chronic HBV is
acquired by vertical transmission (mother to child transmission
at birth), or by horizontal transmission in early childhood. The
earlier in life the disease is acquired, the greater the adverse
consequences. Available therapies for preventing mother to child
transmission are very effective and include multiple doses of HBV
vaccine and usually, HBV immunoglobulin. However, up to 10% of
infants acquire HBV despite this standard prophylaxis. Whether
anti-viral agents should be given to mothers with a high viral load
to prevent transmission remains controversial. Conclusion: HBV is
an extremely important global public health issue. Prevention of
vertical transmission is the most important preventative strategy
and current prophylactic therapies are highly effective. Emerging
approaches for mothers with a high viral load require further
investigation to determine whether they are effective and safe.
Developing countries face the issues of cost, access and education
to apply prevention strategies, while developed countries need
processes to ensure adherence to established recommendations.
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Introduction

Infection with Hepatitis B virus (HBV) is a global health issue. Liver
damage is the major complication of HBV infection. Such damage
may be acute or chronic and results from an immune response to the
virus. The acute hepatitis syndrome varies from a mild asymptomatic
presentation to a severe, even fatal illness. Chronic infection with HBV
is a more significant international public health issue than the acute
illness. Chronic hepatitis is more common and has the potential to cause
significant morbidity and mortality due to a resultant cirrhosis and/or
hepatocellular carcinoma. [1-4] One third of the world’s population is
estimated to have once been infected with HBV, with an estimated 360
to 400 million chronic carriers internationally. Importantly, each year,
approximately one million deaths are caused by HBV, making it the
ninth leading cause of global mortality. [3,5-7] This is a critical health
issue to address.

Mother to child transmission (MTCT) is of great importance for two
main reasons. Firstly, itis a numerically important mode of transmission;
and secondly, the earlier an individual is infected, the more likely it is
that chronic infection will result. [8-11] If the individual is an infant
at the time of infection, a 90% chance exists that they will develop a
chronic infection. In contrast, if an individual is an adult at the time
of infection, they have a 6% to 10% chance of the infection becoming
chronic; a much lower probability. [3,12,13] Therefore, understanding
this mode of transmission is very important in reducing the morbidity
and mortality inflicted by HBV.

Although vertical transmission may be perceived as a major problem,
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it also presents a major opportunity for effective intervention. For the
purpose of this investigation, vertical transmission includes antenatal
transmission via the placenta, transmission during delivery and
postnatal transmission from mother to child during infancy. [14]

International epidemiology

Prevalence of HBV (defined as the proportion of individuals with HBV
surface antigen positive status) varies significantly between countries.
Certain areas of the world are classified as having high prevalence
(>8%) including China, South-East Asia and sub-Saharan Africa;
intermediate prevalence (2-7%), in southern and eastern Europe; and
low prevalence (<2%) in Western Europe, North America and Australia.
[15-18] However, even within low prevalence regions there are ethnic
groups with high carrier rates that require special consideration.
The highest rates of HBV carriers are found in developing countries,
attributable to a multitude of factors including insufficiency of medical
facilities and lack of education. [19]

Unfortunately, there is a lack of information regarding the global
burden of HBV. In response to this deficit a mathematical model was
constructed in 2005 which estimated the annual mortality rate for
HBV-related disease to be 620,000. From these findings it was then
proposed that 94% of these HBV-related deaths occurred as a result
of chronic infection-related cirrhosis and hepatocellular carcinoma,
while only 6% of these deaths could be attributed to acute hepatitis B.
[20] In contrast, the World Health Organisation (WHO) has estimated a
total annual mortality relating to HBV and the development of chronic
clinical forms to be one million. [5]

Of the 360 to 400 million chronic HBV carriers worldwide, it is
hypothesised that one quarter will die of liver disease as a result of
their carrier state. [5,21] Despite the differences in the absolute values
reported in the literature, it is clear that chronic HBV infection is a
major health issue. Of particular relevance to this review, in the highly
endemic aforementioned areas, up to 75% of chronic carriers acquire
HBV by vertical transmission. [19,20,22] HBV also causes 60% to 80%
of the world’s primary liver cancers. [19,23] It is therefore evident that
preventing vertical transmission is a critically important measure in
disease prevention.

Mechanisms of vertical transmission

Vertical transmission of HBV incorporates a number of routes of
infection. In particular, this term refers to transmission during
pregnancy (antenatal), at the time of birth (at parturition) and after
delivery (postpartum). However, it is important to note that most
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transmissions from mother to child occur during parturition.

Antenatal transmission

Intrauterine infection is the mechanism by which the fetus is infected
during the antenatal period. [15] It is estimated that this mode of
transmission accounts for 10% to 44.4% of infection in at-risk infants.
[15,24,25] This is thought to happen through the placenta, either by
“cellular transfer” or by transplacental leakage of maternal blood.
[14,15,26,27] The major risk factors for intrauterine transmission
include premature labour, HBV DNA of cord blood and mothers of
HBeAg-positive status. [24,28,29] Viral structure, HBV mutations,
placental barrier and the immune status of the mother and of the
fetus have also been implicated. [29] It has also been proposed that
antenatal HBV transmission can occur through infected oocytes but
this is yet to been confirmed. [15]

Theissue of whether invasive procedures undertaken during pregnancy
increase the risk of HBV transmission is debated. A relatively small
amount of research considers if amniocentesis or chorionic villous
sampling increases the risk of HBV transmission to the fetus in HBV
infected mothers. The general consensus is that this risk seems to be
low when the procedure is performed accurately. [21,30-34] This is
an area of research that needs to be investigated further to reach a
conclusion.

Transmission during parturition

This route of transmission arguably poses the greatest threat to the
infant. HBV-DNA has been detected in amniotic fluid samples and
vaginal secretions. [5,15] It is controversial as to whether delivery via
caesarean section is beneficial in these individuals. [10]

Postnatal transmission

Postnatal transmission is believed to occur through body fluid
interacting with mucosal surfaces. [3,35] Transmission occurs if
the infant is in close contact with infected individuals. Whether
breastfeeding increases the risk of transmission remains controversial.
[10]

Current preventative strategies and their efficacy

Current preventative strategies include active (Hepatitis B vaccine)
and/or passive prophylaxis (Hepatitis B immunoglobulin).

Hepatitis B virus vaccine

There are two licensed forms of the hepatitis B vaccine (HBVac),
plasma-derived and recombinant. Both are effective, with no significant
difference in hepatitis B occurrence between either product following
administration. [16,36] These vaccines are composed of the HBV
surface antigen, commonly referred to as HBsAg, exposing the most
immunogenic epitope on the surface of the vaccine particles. [19]
Completion of the vaccination program in healthy individuals induces
protection in about 95% of cases. [19,37] Without HBVac, the mortality
associated with both the acute and chronic infections is predicted to
rise dramatically. [20]

HBVac has proven to be efficacious. The vaccination alone is 90%
effective in preventing vertical transmission when administered
to newborns. In addition, vaccination of newborns provides pre-
exposure prophylaxis to infants born to women without hepatitis B,
reducing the risk of becoming a chronic carrier in infancy and early
childhood (prevention of early horizontal transmission). [38-40] This is
particularly important in highly endemic areas.

Hepatitis Bimmunoglobulin

Hepatitis B immunoglobulin (HBIG) is a purified solution derived
from human plasma containing large amounts of antibodies to HBsAg
(anti-HBs or HBsAb). This substance is derived from donations given
by immune individuals. [5,8,41] HBIG significantly reduces hepatitis B
occurrence when compared with placebo or no intervention. HBIG is
effective immediately following administration providing a high level of
infant protection for a number of months. [16]

Combination of HBV vaccine and HBIG

Studies have proposed that the combination of neonatal HBVac and
HBIG administration is more effective than either strategy alone.
[16,42,43] This combination of HBIG at the time of birth and the
completion of a HBVac program over the first six months of life is
effective in preventing perinatal transmission and is routine in most
countries. [44]

The contemporary challenge is that despite combined (active and
passive) neonatal immunoprophylaxis, around 10% of neonates born
to HBV carriers will become chronically infected. [16,42]

Current recommended prophylaxis protocol

Screening is critical in identifying which of the mothers are positive
for HBV. It has been recommended that all pregnant women undergo
prenatal screening for HBsAg to identify which neonates will require
prophylaxis. [38,45]

Considering that HBV is such a burden on international public health,
there is a need for a uniform prevention protocol. Currently, the WHO,
World Gastroenterology Organisation (WGO) and the United States
(US) Centers for Disease Control and Prevention (CDC) all recommend
joint HBV immune prophylaxis. This includes HBVac and hepatitis B
immunoglobulin within 24 hours after birth. [8,38]

These recommendations are supported by a number of trials in which
HBVac and HBIG administered to the neonate were beneficial in the
prevention of vertical transmission. [8,38,46]

Emerging and controversial prophylactic therapies

Due to the inability of routine prophylaxis administered postpartum to
prevent all cases of MTCT, there is cause to investigate other possible
interventions. Those currently being investigated and trialled include
the administration of HBIG during the third trimester and antiviral
therapy in the third trimester.

HBIG during the third trimester

Despite remaining a controversial topic, many studies have found a
decrease in the percentage of chronic HBV infections in infants, even
when used in combination with routine prophylaxis of HBVac and HBIG
post-partum. [8,10] Interestingly, it is also being proposed that HBIG
enhances the immune response to HBVac. [8,42]

In a recent (2010) cohort study, the rate of vertical chronic HBV
transmission was only 4% when mothers received HBIG in combination
routine prophylaxis. [8,10]

In addition to reducing the percentage of chronic HBV infections, HBIG
has also been implicated in a subsequent increase in neonatal HBsAb
seropositivity and a lower rate of intrauterine infection following
administration; [8,21,47] however, this has not been a consistent
result.[8,42,48]

While still unclear, the proposed mechanisms behind the interruption
of HBV transmission are as follows. HBsAg is bound by HBsAb (from
the HBIG) which stimulates the complement system. This enhances
humoral immunity resulting in a reduced maternal HBV load, protection
of uninfected cells and inhibition of viral replication. It is possible that
HBIG facilitates a passive foetal immunity. [49,50] In contrast, another
study has suggested that HBIG neutralises HBV in the maternal blood
thereby reducing the risk of intrauterine infection. [8,42,51] This area
of research is still under investigation. It will be particularly important
to consider this prophylactic measure in mothers whose infants are in
the high risk groups.

Antiviral therapy during the third trimester

Antiviral therapy during the third trimester is the emerging prophylactic
approach of the greatest contemporary interest (Figure 1). The main
antiviral agents being considered in this context include lamivudine,
tenofovir and telbivudine. Lamivudine works by blocking HBV DNA
polymerase. In doing so, it inhibits the synthesis of DNA and reduces
the replication of intermediates targeting the infection. [49]
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As the mother’s viral load increases, so does the risk of HBV perinatal
transmission, which has been recorded as being as high as 28%. [44,52]
This promotes the theory that the risk of perinatal transmission is
reduced if the mother’s viral load is also reduced at parturition,
highlighting the potential of using antivirals. [44]

A number of studies have proposed that lamivudine can cause a
rapid reduction of HBV DNA levels which is of particular importance
in mothers with a high viral load. [21,53-56] This is supported by a
number of studies which have shown significantly lower intrauterine
HBV infection rates in women receiving this therapy. [21,47]

Screen all pregnant women for
HBV Infection

Screening test is positive:

Screening test is negative Check HBV DNA titre

HBVac to infant at birth

Low titre High titre

Previous HBV+
infant

No previous
HBV+ infant

Routine HBVac (infant)
HBIG (infant)
Antiviral treatment (mother)

Figure 1. Management of HBV infection during pregnancy

Routing HBVac (infant)
HBIC (infant)

As with all treatment regimes, both the risks and benefits must be
considered before commencing therapy, despite the safety and efficacy
of anti-viral agents such as lamivudine. Currently there is insufficient
conclusive evidence relating to antiviral therapy to prevent HBV MTCT
and thus, this treatment cannot be recommended at this time. [44]
It is also to be noted that the mothers’ liver disease status should be
considered before commencing or continuing antiviral treatment. [21]
The risks include the development of drug resistance in the mother
and flares of hepatitis in the mother when the anti-viral drug is stopped
in the postpartum period. The optimal timing of commencement and
duration of use of these agents must also be determined.

Additional preventative measures

Topics under debate include associations between MTCT of HBV and
bottle feeding or delivery methods such as caesarean section, in an
attempt to inhibit the morbidity and mortality inflicted by this disease.

Breastfeeding

The literature is not clear as to whether breastfeeding should be
avoided when the mother is hepatitis type B positive. This is a rather
controversial topic as it is not known if HBV can be transmitted from
mother to infant through breastmilk. [10]

Interestingly, studies have found that in HBV positive women who
have breastfed, the rate of MTCT was lower than those who bottle-
fed. [21,57,58] Conversely, other reports have found no difference in
transmission rates among the two groups. [21,59]

It must be noted that HBV-infected mothers are advised against
donating breastmilk and that breastfeeding is not recommended if the
mother is taking antiviral medication. [21] This research has severe
consequences for both the infant and community should bottle-

feeding be recommended in these mothers.

Caesarean sections
As of yet, there is no hard evidence to argue whether delivery of the
at-risk child should be via Caesarean section. [10]

Barriers to the delivery of preventative strategies

While the current preventative strategies are effective in inhibiting
MTCT of HBV in the majority of cases, both developing and Western
countries struggle to apply these methods in clinical practice. [38]

Developed countries

Developed countries have the economic stability and resources to
successfully prevent the majority of cases of vertical HBV transmission.
However, studies have shown that even in these countries, the
recommended preventative strategies are not being carried out in
every HBV infected mother. [38,44,60,61]

The US CDC states that 97% of American women undergo prenatal
screening for HBsAg and that 92% of at-risk infants complete the
full HBVac course by age three. [44] To the contrary, a 2010 study
from the US found that although the proportion of mothers being
screened for HBsAg was high, these rates were lower in certain ethnic
and socioeconomic groups. Moreover, the study found that of the
infants born to HBsAg-positive mothers, a mere 62.1% received the
recommended prophylaxis within twelve hours of birth, with 13.7%
receiving no HBVac whatsoever. It was concluded that having written
hospital policy was the strongest predictor of HBVac administration.
(38]

This is of significant concern. We now have the measures to prevent
the majority of MTCT of HBV, yet health care facilities are failing to
deliver this care. Not only are there gaps in policy making, but there
are also gaps in policy implementation. Uniform protocols which are
strictly adhered to are important for optimising prophylaxis rates. [38]

Developing countries

The main barriers against prevention in developing countries include
cost, education and access. The cost of screening pregnant women is
an extra expense, as is the cost of educating the community and local
health workers. Access is also an obstacle in developing countries, with
a high proportion of women receiving no antenatal care at all, let alone
any specific to HBV. [62] These barriers are seemingly related to the
economic and social issues these countries face.

The future of this research

There is a real deficit of information regarding disease prevention
in infants not protected by the current prophylactic measures. The
emerging prophylactic therapies, whilst seemingly promising, need to
undergo larger rigorous clinical trials and safety audits.

Whilst vertical HBV transmission is a universal problem, the major
burden is placed on developing countries. China is the exception. It
seems that much of the cutting edge research relating to this topic
from the last decade has come from China. This is positive for the
future of HBV-infected mothers and their infants; as China becomes
an increasingly larger economic player, solutions to these problems
may be achieved. However, we also need to look at research in health
care delivery. How do we improve compliance with protocol in this
important area of disease prevention?

Conclusion

Vertical transmission of hepatitis B is a significant public health issue.
It has been estimated that HBV infection is responsible for half of all
cases of hepatocellular carcinoma and one third of liver cirrhosis. [3]

Currently the recommendations are to administer routine prophylaxis
to the infants at risk, consisting of a completed course of HBVac and
HBIG. This combination is highly effective in preventing perinatal
transmission. [44] Despite the advances in prophylactic therapy, we
are still faced with the harsh reality that up to 10% of infants are not
effectively protected by this standard protocol and will still become
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chronically infected. [16,42]

It should also be remembered that despite these advances in research
and the current prophylactic recommendations, healthcare facilities
are continuing to struggle with implementation. [38] The global
community needs to work together to eradicate this disease. Inclusion
of HBVac into national immunisation programs is estimated to prevent
more than 80% of deaths relating to HBV alone. [20] Both governments
and healthcare facilities need to contribute to gaps in policy making
and implementation. [38]

Although countries such as the US and China are investing in research
to uncover new and more effective means of prevention, there
is still a considerable shortfall in the available literature. Uniform
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medical schools outdomes database

Medical Deans Australia and New Zealand (Medical Deans) is the peak representative body for the Australian and New Zealand
medical schools. Medical Deans and several stakeholders including AMSA and AMACDT have established a national database for
longitudinally tracking medical students. This project is called the Medical Schools Outcomes Database and Longitudinal Tracking
(MSOD) Project.

[Jppgmeeacsmeaas s’ At the fime you starfed medical school you were invited fo participate in this project by completing a
= "Commencing Medical Students Questionnaire’. We then collect data directly from Medical Schools until the
final year of your medical program. We then ask participants to complete an ‘Exit Questionnaire’ upon
completion of their medical program, and a ‘PGY1/Intern Questionnaire’ upon completion of PGY1.
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If 2010 is the final year of your medical program, we encourage you to complete the ‘Exit Questionnaire’. This
will be distributed through your Medical School, or you can complete it online at:

http://www.msod.med.usyd.edu.au/EXITQ2010/.

If you graduated in 2009 from ANU, Flinders, Griffith, Monash (UG), Melbourne (UG and GE),
Notre Dame (Fremantle), UQ or USYD, we now encourage you to complete the
‘PGY1/Intern Questionnaire’ online at: http://www.msod.med.usyd.edu.au/PGY12010/ or through your affiliated
hospital (if relevant) when they administer it.

Both AMSA and Medical Deans hope you will continue to participate in this important national project and
assist us in collecting reliable and accurate data to make improvements in medical education, health
workforce planning and your future as doctors.

Both the ‘Exit Questionnaire’ and ‘PGY1 Questionnaire’ were administered in late 2010 and will continue through to early 2011. Please

contact our office if you have not yet received your questionnaire.

*

T: 461291141719 E: msodadmin@medicaldeans.org.au
W: http://www.medicaldeans.org.au
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