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Abstract: More than 240 million people worldwide are chronically infected with hepatitis B
virus (HBV). Mother-to-child transmission remains the most important mechanism of infec-
tion in countries with a high prevalence of HBV. Universal screening of all pregnant women,
at-birth prophylaxis with specific anti-HBV immune globulin, as well as HBV vaccination
for newborns of infected mothers are effective in reducing the risk of vertical transmission.
However, in cases of a high viral load and hepatitis B e antigen positivity, there is a residual risk
of HBV transmission to the newborn despite prophylaxis. This review focuses on the above-
indicated strategies and on the efficacy and safety of antiviral drugs administered during the
third trimester of pregnancy.

Keywords: immune globulin, prophylaxis, telbuvidine, tenofovir, vaccine, viral load

Introduction
Hepatitis B virus (HBV) is a deoxyribonucleic acid (DNA) virus that, according to
World Health Organization estimates, chronically infects more than 240 million people
worldwide.! In highly endemic countries, mother-to-child transmission accounts for most
cases of infections and is, therefore, the main mechanism that perpetuates the infection
in the population.>* HBV is associated with a global burden of about 600,000 deaths
a year.! HBV causes an acute hepatitis that becomes chronic in a percentage that is
highly dependent on age of acquisition of the infection.>” In fact, the rate of chronicity
is about 90% in infants infected at birth or during the first year of life, 30%—-50% in
children aged 1-6 years, and 5%—10% in children above 6 years of age and in adults.'
Once chronic hepatitis is established, a percentage ranging from 15%—40% evolve to
liver cirrhosis and hepatocellular carcinoma.®'? Finally, HBV is also associated with
extrahepatic diseases.!>1¢

HBYV infection during pregnancy poses particular problems. These include the
effect of HBV infection on pregnancy, the effect of pregnancy on HBV infection, the
mother-to-child transmission of HBV, and the management of drugs.? The aim of this
review was to examine recent studies that have been devoted to the vertical transmis-
sion of HBV, and to examine in detail the current risk of transmission and the strategies
that can reduce or ideally eliminate this risk.

Vertical HBV transmission

Definition
Vertical transmission of HBV is defined as positivity at 6—12 months of life of the hepatitis B
surface antigen (HBsAg) or of HBV-DNA in an infant born to an infected mother.>"”
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In fact, detection of the infection when the child is 6 months
old correlates with infection when the child is 1 year old and
indicates chronicity of the infection.!”!® The presence of both
HBsAg and HBV-DNA at birth are often transitory events and
do not imply transmission of the infection.!”! Similarly, the
presence of antibodies against hepatitis B e antigen or antibod-
ies against Hepatitis B core antigen at birth or up to 2 years of
age is simply due to their crossing the placenta from the mother
to the fetus, and therefore is unrelated to infection.?

Risk of transmission
Without prophylaxis, the risk of HBV vertical transmission
is high. The risk is highest in HBsAg- and HBeAg-positive
mothers (transmission rate: 70%—90%), and low for HBsAg-
positive HBeAg-negative mothers (transmission rate:
10%—40%).2222

At birth, prophylaxis is able to greatly reduce the risk of
vertical transmission.??? It is currently administered to all
HBsAg-positive mothers in most countries, and consists of
both passive and active immunoprophylaxis.>?>* In detail,
newborns of HBsAg-positive mothers receive both hepatitis B
immune globulin (HBIG) (passive immunoprophylaxis) and
the first dose of the HBV vaccine (active prophylaxis).?>? In
general, the first dose of the hepatitis B vaccine and HBIG
should be given within 24 hours of the child being born.”
The vaccine schedule is completed with the administration
of two or three doses of vaccine in the first 6 months of life.?!
This combination scheme has been demonstrated to be more
effective than the administration of either the HBV vaccine or
HBIG alone.?*? However, even using this combination strat-
egy there is a residual risk of vertical transmission — namely,
about 3%.!72? However, all cases of transmission that occur
despite adequate prophylaxis are associated with a high mater-
nal viral load and maternal HBeAg positivity.'”*** Indeed, a
maternal viral load below 10° IU/mL is not associated with
vertical transmission,’® whereas the risk of transmission is
about 3% in cases of a maternal viral load 10°-107 copies/mL,
about 7% for a viral load 10’-10® copies/mL, and about 8%
for a viral load >10% copies/mL.? These results were con-
firmed in an Australian study that reported a transmission
rate of 9% in mothers with a viral load >10® copies/mL.?
Finally, menstrual irregularity and severe nausea during the
first trimester of pregnancy were found to be independently
associated with a high risk of vertical transmission.?!

Mechanisms of transmission
An understanding of the mechanisms of HBV transmis-
sion during pregnancy is important because preventive

strategies aim at targeting these mechanisms. Mother-to-child
transmission of HBV can occur via three modalities: intra-
uterine transmission; transmission during delivery; and
postpartum transmission.

Intrauterine transmission accounts for only a minority
of cases of HBV transmission.?'? In fact, a Chinese study
showed an intrauterine infection rate of 3.7% in a sample of
402 newborn infants of HBsAg-positive mothers.*> A high
viral load and positivity of HBeAg were factors associated
with an increased risk of transmission through this route.*
Intrauterine transmission can occur in two ways: HBV can
reach the fetus by crossing the placental barrier; and during its
passage, HBV can infect and replicate in all types of placental
cells before it reaches the fetus.??34 It is noteworthy that the
percent of infected cells decreases from the maternal side
(43.6%) to the fetus side (18.8%) of the placenta.’? Finally,
HBYV may reach the fetus through transplacental leakage of
the maternal blood into fetal circulation, a condition that is
associated with prolonged threatened preterm labor or threat-
ened abortion due to increased uterine contractions.?!*

Transmission of HBV during delivery is the most frequent
method of vertical transmission. It is mostly due to newborn
contact with the mother’s infected secretions or blood at the
time of delivery.!

A proportion of babies (as high as 34%) may acquire
infection after birth due to close contact with the mother.?
However, breastfeeding is not a risk factor for HBV
infection.?"3538

Given these three mechanisms, passive/active at-birth
prophylaxis can prevent transmission during delivery or in
the postpartum period, but it has no effect on the intrauterine
route of transmission. Based on evidence from pathological
studies of an infection gradient from the maternal to the fetal
side of the placenta, and on the high rate of intrauterine infec-
tion in the event of a high maternal viral load, it is feasible
that the placenta acts as a filter that is crossed only in case
of a high maternal viral load.

Finally, due to the residual risk of HBV vertical trans-
mission, despite correct at-birth prophylaxis with HBIG
and vaccine, other strategies have been tested in this setting
(namely, antiviral drugs, HBIG to the mother, and mode of
delivery).

Antiviral prophylaxis

Various studies have explored the possibility of reducing HBV
vertical transmission using antivirals during the third trimester
of pregnancy.” Currently available antivirals active against
HBYV are: interferon; pegylated interferon; and the nucleoside/
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nucleotide analogs lamivudine, adefovir, telbivudine, enecavir,
and tenofovir.> Of these, interferon and pegylated interferon
are classified in pregnancy class X (ie, studies on animals or
humans have revealed fetal abnormalities), and are therefore
strongly contraindicated during pregnancy.?! Lamivudine,
entecavir, and adefovir are in pregnancy class C (animal stud-
ies revealed embryo or fetal toxicity in animals, but not in
humans).?! Finally, telbivudine and tenofovir are in pregnancy
class B (no risk of fetal toxicity has been found in animal studies
or in humans, but complete safety cannot be ensured due to the
lack of adequate studies conducted with pregnant women).?!
Safety data on nucleoside or nucleotide analogs are
reassuring. The Antiretroviral Pregnancy Registry is an
international voluntary registry that has been collecting data
about the safety of antiretroviral drugs during pregnancy since
1989.% According to data posted in this registry (see Table 1),
the rate of birth defects in women taking antiretroviral drugs
during pregnancy is similar to that of the general population
(about 3%). Given the safety of these drugs during pregnancy,
several studies have evaluated the efficacy of antiviral drugs
in reducing the HBV vertical transmission rate particularly
in women with a high viral load.* 4243464849 The first drug
tested was lamivudine. In a pilot trial, eight HBV-infected
mothers with a high viral load were treated with lamivudine
at a dose of 150 mg daily in the last month of pregnancy.*
Twenty-four children born to HBV-infected mothers with
similar characteristics acted as historical controls. The rate
of transmission, despite passive/active prophylaxis at birth,
was 12.5% in the lamivudine group and 28% in untreated
controls.* Based on this study, a large randomized controlled
trial evaluated the efficacy of lamivudine administered at a
dose of 100 mg daily from week 32 of pregnancy to week 4
postpartum in preventing vertical transmission in 150 moth-
ers (149 of whom were HBeAg-positive) with a high viral
load (HBV-DNA >1,000 mEg/mL).*! In intention-to-treat
analysis, the rate of HBsAg in babies at week 52 was 18% in
the lamivudine arm and 39% in the placebo arm. Similarly,

Table | Birth defect rate and 95% CIl from the Antiretroviral
Pregnancy Registry concerning lamivudine, tenofovir, telbivudine,
and entecavir

First trimester Second/third trimester

LMV 136/4.360 (3.1%); 203/7,072 (2.9%);
95% Cl: 2.6%-3.7% 95% Cl: 2.5%-3.3%
TDF 46/1,982 (2.3%); 20/959 (2.1%);
95% Cl: 1.7%-3.1% 95% Cl: 1.3%-3.2%
TLB 0/10 0/14
ETV 2/55 02

Abbreviations: Cl, confidence itnerval; LMV, lamivudine; TDF, tenofovir
disoproxilfumarate; TLB, telbivudine; ETV, entecavir.

the rate of HBV-DNA positivity at the same time point was
20% versus 59% in the lamivudine versus placebo arm.*
However, the drop-out rate was extremely high (13% in the
lamivudine arm, 31% in the placebo arm) and this probably
influenced the results.>*! Finally, the safety of the drug was
good.

An observational study from Australia explored the
efficacy of lamivudine administered in the third trimester of
pregnancy in 21 women with a high viral load (>107 IU/mL)
compared to five untreated pregnant women who served as
a control group.* The median decrease in viral load was 2.6
log,, IU/mL in the lamivudine group, but in 18% of cases,
HBV-DNA remained >107 at the end of treatment. Neverthe-
less, no case of mother-to-child transmission was observed
in the lamivudine-group versus one case in the control
group. Notably, using a very sensitive technique (ultra-deep
pyrosequencing) viral variants with reduced sensitivity to
lamivudine (substitutions in codons 204 and 181) were
observed in four women (19%). Therefore, based on this
study, lamivudine administration during the third trimester
has poor antiviral activity, and even a brief period of adminis-
tration can select resistance mutations. These results confirm
the low barrier to resistance of lamivudine also in the setting
of pregnancy.®

Given the limitations of lamivudine, several trials were
performed using telbivudine, which is a nucleoside ana-
log that has a higher antiviral power than lamivudine.**
In a study carried out in the People’s Republic of China,
229 HBeAg-positive pregnant women with HBV-DNA
levels >107 copies/mL received telbivudine at a dose of 600
mg daily (number [n] =135) or acted as untreated controls
(n=94) based on their choice.*” Telbivudine treatment started
from 20-32 weeks of gestation and continued up to 4 weeks
after delivery (or 28 weeks after delivery in case of the
baseline elevation of alanine aminotransferase). All treated
mothers had a more than 3 logs,, I[U/mL decline in viral load
before delivery, and HBV-DNA was undetectable in 33% of
the treated mothers compared to 0% of the untreated controls.
All babies received the combined HBIG/vaccine prophylaxis.
The rate of HBsAg positivity in babies at 28 weeks of age
was 0% in the telbivudine group and 8% in untreated controls.
No serious adverse events were recorded in the mothers or in
their children in either group, and the Apgar index, as well as
the weight and height at birth was similar in the two groups,
as was the rate of cesarean section. No birth defects occurred
in either group.*

The efficacy and safety of telbivudine administration in
high viral load mothers in late pregnancy to prevent vertical
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transmission was confirmed in a meta-analysis that analyzed
six studies (two randomized controlled trials and four non-
randomized controlled trials) for a total of 576 pregnant
women.** However, the authors’ final recommendation was
that high quality, large-sized randomized controlled trials
are needed to ensure that a final decision is reached regard-
ing the administration of telbivudine to prevent the vertical
transmission of HBV.*

Finally, tenofovir is a potent antiviral that acts against
HBV with a high barrier to resistance.”’” A retrospective
study evaluated the efficacy of tenofovir administered in the
third trimester of pregnancy at a dose of 300 mg once daily
to eleven women with high viremia (>10° copies/mL).** The
mean maternal viral load declined from 8.87 log,  copies/mL
atbaseline to 5.25 log,  copies/mL at the time of delivery. All
of the eleven infants received passive/active prophylaxis, and
none of them were HBsAg-positive at 28—-36 weeks of age.*
No obstetric complications or birth defects were recorded.

A second retrospective study enrolled 45 HBeAg-
positive pregnant women with high viral loads (HBV-
DNA >107 copies/mL); 21 of them were treated with
tenofovir from week 1827 of gestation, and 24 of them were
untreated and served as controls.* All infants received stan-
dard passive/active prophylaxis. At 28 weeks of age, HBsAg
was detected in two (8.3%) babies of untreated mothers,
but not in any of the babies of treated mothers (P=0.022).
The two groups of babies did not differ in terms of adverse
events, birth defects, height, or weight. Twenty-eight weeks
after delivery, HBV-DNA was undetectable in 62% of the
treated mothers, whereas HBV-DNA was detected in all of
the controls (P<<0.001). However, as yet, no randomized
controlled trial study has evaluated the use of tenofovir to
prevent vertical transmission.

Other strategies to reduce
vertical transmission
Hepatitis B immunoglobulin

administration during pregnancy

A meta-analysis evaluated the efficacy and safety of periodical
HBIG administration to the mother during pregnancy to pre-
vent vertical transmission.*® Nine randomized controlled trials
that enrolled a total of 2,149 infants from HBsAg-positive
mothers were included in the analysis for the evaluation of
vertical transmission, which was defined as positivity for
HBsAg 9—12 months after birth. Periodical HBIG admin-
istration to the mother during pregnancy had a protective
effect (odds ratio =0.33).>° However, these results should be

viewed in the light of the heterogeneity of dosages (200 IU
or 400 IU), and of the populations enrolled. Consequently,
the periodic administration of HBIG to the mother to prevent
vertical transmission is not currently recommended.”!

Type of delivery
Several groups have evaluated whether elective cesarean
section prevents HBV vertical transmission.'3>-5 The results
of these studies are conflicting. An observational study of
301 newborns (144 born by vaginal delivery, 40 by forceps,
and 117 by cesarean section) in the People’s Republic of
China showed a similar rate of vertical transmission (defined
as HBsAg presence at 1 year of age) in infants born to
HBsAg-positive mothers (and who underwent the standard
prophylaxis) according to the mode of delivery (3%, 7.7%,
and 6.8% in the vaginal, forceps, and cesarean groups,
respectively).’! In contrast, a meta-analysis of four random-
ized controlled trials that enrolled a total of 789 pregnant
women showed that elective cesarean section (ie, before
labor or the rupture of membranes) was associated with a
lower rate of transmission (10.5%) compared with vaginal
delivery (28%).> However, the authors recommend that
their findings be interpreted with caution due to the high
risk of bias of the studies included in the analysis.*? Finally,
aretrospective study identified a similar rate of HBV chronic
infection in 546 children aged 1-7 years in diverse types of
delivery (2.5% in children born by elective cesarean section
and 2.3% in those born by vaginal delivery).>

Therefore, due to a lack of evidence and to the well-known
high rate of complications with cesarean section compared
to spontaneous vaginal delivery, we do not recommend this
procedure be used to reduce HBV vertical transmission.

Discussion

If we consider the three major viral infections (HBV, HCV, and
human immunodeficiency virus [HIV]), the management of
HBYV infection in pregnancy is similar to the management of
HIV; indeed, both entail the long-term use of antivirals and
the need to balance the safety of the fetus and the efficacy
of treatment.>* However, HCV infection is associated with a
non-negligible rate of vertical transmission (about 3%—5%).%
In patients with HCV infection, antiviral therapy should be
administered before pregnancy in an attempt to achieve viral
clearance, which strongly reduces the risk of transmission.
Treatment during pregnancy is contraindicated because of the
well-known teratogenic effect of ribavirin, which is an essen-
tial component of anti-HCV treatment. However, the problem
of vertical transmission remains for cases of HCV infection
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that are discovered at the time of pregnancy. Notably, none of
the new antiviral drugs active against HCV have been tested
during pregnancy, not even in animal models.¢

The prevention of HBV vertical transmission is a com-
plex task and involves both gynecologists and infectious
diseases specialists. Importantly, the universal screening of
all pregnant women for HBsAg is essential in preventing the
vertical transmission of HBV.? In fact, the early identification
of one’s HBsAg status enables the timely administration of
passive/active prophylaxis to the newborn. Besides being the
most important measure in preventing vertical transmission,
universal HBsAg screening of pregnant women is also cost-
effective.*¢* Unfortunately, screening programs are not totally
efficient, even in Western countries. For example, an Italian
study showed that 2.3% of a sample of 17,260 women did not
undergo screening for HBV infection during pregnancy.® The
risk factors associated with nonadherence to screening were
delivering in a public hospital or in a hospital located in the
south of Italy, and being a non-Italian woman.*

The strategy to reduce vertical transmission cannot
be separated from the comprehensive management of the
patient.® The first measure is to identify all HBsAg-positive
pregnant women by universal screening. Then, subjects
who test positive should be evaluated by infectious diseases
specialist in order to: 1) evaluate the stage of the HBV-
related liver disease, and therefore the indication for therapy
irrespective of the pregnancy status; and 2) quantify the
level of HBV-DNA and determine the HBeAg status, and
therefore the risk of vertical transmission of HBV. In case
of the absence of significant liver disease (ie, the absence of
signs of cirrhosis, normal levels of alanine aminotransferase,
a normal liver panel, as well as normal platelet levels, and
a normal ultrasound examination), the woman should be
monitored for possible flares of liver enzymes, with particular
attention being paid regarding the risk of vertical transmis-
sion to the newborn based on HBV-DNA level. In contrast,
in the event that the mother is affected by significant liver
disease, antiviral treatment should be started immediately
and continued even throughout life. In case of high levels
of HBV-DNA (HBV-DNA >10° IU/mL), prophylaxis with
antiviral drugs starting around 28 weeks of gestation should
be considered.

Regarding the choice of antivirals, both telbivudine and
tenofovir are recommended as they are in pregnancy class B.
However, because women affected by active liver disease
must continue treatment after delivery, we suggest treatment
with an analog that has a high barrier to resistance — namely,
tenofovir rather than telbivudine, which has a low barrier

to resistance.?” For simple prophylaxis (to be withdrawn
4 weeks after delivery), both analogs can be used because
the duration of treatment is associated with a very low risk of
resistance. It is noteworthy that if antivirals are administered
during pregnancy, breastfeeding is not recommended because
of the potential exposure of infants to these drugs.?!

Another case is that of a woman who is undergoing
treatment with antivirals when pregnancy is discovered. In
such cases, treatment should be switched to a class B drug
or treatment should be withdrawn. Based on the safety data
of class B drugs,’*” we would suggest that the first option
should be to avoid suspension-related reactivation of liver
disease and an increase in the maternal viral load that might
increase the risk of HBV transmission.

Conclusion

In conclusion, the universal screening of pregnant women
for HBsAg and passive/active prophylaxis to newborns from
HBV-positive mothers is an effective measure through which
to prevent vertical transmission. In case of a high maternal
viral load, third trimester prophylaxis with a class B drug
(telbivudine or tenofovir) is able to further reduce the risk of
vertical transmission. Large, appropriately designed trials are
needed to identify the best drug to use in the different clinical
situations.
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