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Limited benefit of hepatitis B immunoglobulin
prophylaxis in children of hepatitis B e antigen-negative

mothers
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INTRODUCTION In 2006, Singapore adopted the universal hepatitis B immunoglobulin (HBIg) policy. Since then, all
infants of hepatitis B surface antigen (HBsAg)-positive mothers receive HBIg, irrespective of maternal hepatitis B e
antigen (HBeAg) status. However, the benefits of HBIg for infants of HBeAg-negative mothers are unclear. We compared
the vertical transmission rates among children of HBeAg-negative mothers who were given HBIg versus a retrospective
cohort who were not given HBIg, to determine its protective effect.

METHODS This observational study involved pregnant HBsAg-positive women seen at National University Hospital,
Singapore, between June 2009 and December 2013. If the infants of these mothers completed the recommended
vaccination schedule, they were recruited into the study, along with their older siblings. Serological testing for the
children was performed three months after completion of the last dose of vaccine, and hepatitis B virus (HBV) surface
gene sequencing was carried out if HBV DNA was detected.

RESULTS A total of 111 infants and 47 siblings were recruited. 2 (1.5%) children were found to have vertical transmission
despite receiving HBIg, while no incidences of vertical transmission were found among the historical controls who did
not receive HBIg (p = 1.00).

CONCLUSION The overall effectiveness of the hepatitis B vaccination programme for children of HBsAg-positive mothers
was high, regardless of HBIg administration. The addition of HBIg did not appear to confer additional benefits, in terms

of vertical transmission rate, among infants born to HBeAg-negative mothers.
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INTRODUCTION
In Asia, chronic hepatitis B infection is usually acquired through
vertical transmission from a chronic hepatitis B carrier mother
to her newborn during the birth process. A person with chronic
hepatitis B infection can be classified as either hepatitis B e
antigen (HBeAg)-positive or HBeAg-negative; the former is usually
accompanied by high viral load and high infectivity, while the
latter is usually associated with low/negative viral load and low
infectivity. In an attempt to minimise such vertical transmissions,
in 2006, the World Health Organization (WHO) suggested that
early vaccination against hepatitis B be administered to infants
of chronic hepatitis B carrier mothers."” However, the United
States Centers for Disease Control and Prevention recommended
greater precaution and advocated the administration of hepatitis B
immunoglobulin (HBIg) to these infants in addition to the
hepatitis B vaccine.®

Prior studies conducted in Singapore in the 1990s showed
that babies from HBeAg-negative carrier mothers were not at an
increased risk of perinatal infection if they received the hepatitis
B vaccination within 24 hours of birth.®4 Thus, until October
2006, Singapore’s vaccination guideline for children of HBeAg-
negative mothers included routine active hepatitis B vaccination
only, while those of HBeAg-positive mothers received HBIg

in addition to the hepatitis B vaccine. In November 2006,
Singapore’s vaccination guideline was changed to include
universal prophylaxis, with both the hepatitis B vaccine and
HBIg given at birth to infants of hepatitis B surface antigen
(HBsAg)-positive mothers, irrespective of maternal HBeAg
status. No formal review has been performed locally to
determine if this change in the prophylaxis policy is effective
or justified. Thus, the present study aimed to examine the
vertical transmission rate among the cohort of children of
HBeAg-negative mothers who received HBIg, and compare
that rate with sibling controls who did not receive HBIg, so as
to determine the benefit of the addition of HBIg as universal
prophylaxis.

METHODS

The present study was part of a larger cohort study that aimed to
identify the factors related to vertical transmission. All pregnant
women who were HBsAg-positive but HBeAg-negative and
attended National University Hospital, Singapore, from 1 June
2009 to 31 December 2013 were prospectively invited to
participate in the present study. Informed consent was obtained
to include infants of their current pregnancy (who would receive
HBIg) and the children born to them prior to the study (the majority
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of whom would not have received HBIg). The study protocol was
approved by the National Healthcare Group Domain Specific
Review Board.

The mothers had to be HBsAg-positive and HBeAg-negative in
all their pregnancies for their children to be included in the present
study. In addition, only infants who had received three doses of
hepatitis B vaccine in Singapore were eligible for inclusion. Infants
whose mothers had concurrent hepatitis C virus (HCV) or human
immunodeficiency virus (HIV) infection were excluded, as these
conditions are known to affect vaccine response.

All' mothers had their hepatitis B viral load measured using
real-time polymerase chain reaction (qPCR) that was performed
in the Molecular Diagnostic Lab of National University Hospital,
Singapore. The mothers were tested during their last trimester,
close to their delivery time. Hepatitis B virus (HBV) DNA was
measured using qPCR assay (artus® HBV PCR Kit; QIAGEN
GmbH, Hilden, Germany). The lowest detection limit for HBV
DNA using these kits is 13.5 IU/mL of blood. HBsAg, hepatitis B
surface antibodies (anti-HBs), hepatitis B core antibodies,
HCV antibodies and HIV antigen antibodies were measured
using diagnostic assays (Architect Diagnostic Assays; Abbott
Laboratories Pte Ltd, Singapore).

All infants were administered three doses of hepatitis B
vaccine (Engerix-B; GlaxoSmithKline, Wavre, Belgium); once at
delivery, once one month after delivery and once six months after
delivery. Each dose (10 mcg) was administered intramuscularly.
All infants also received a single dose of HBIg (HyperHEP B;
Grifols Therapeutics Inc, Los Angeles, CA, USA) 110 U at
delivery. Infants underwent testing for HBsAg and anti-HB level
three months after administration of the last dose of hepatitis B
vaccine, according to the guidelines set by the Ministry of Health,
Singapore.

For the siblings of the infants, information on maternal
HBsAg and HBeAg status prior to their delivery, as well as
vaccination history, was collected from National Immunisation
Registry records. The vaccine response of these children was
traced from their health records, which were available from the
National Electronic Health Records system. If the aforementioned
information was not available, the child was excluded from the
study. Siblings who were born after October 2006, and thus
received HBIg at delivery, were included in the prospective
infant group to form a cohort of children who received HBIg
in addition to the hepatitis B vaccine. Siblings who were born
prior to October 2006, and thus did not receive HBIg, formed the
control cohort of children who only received hepatitis B vaccine
without HBIg. In the present study, vertical transmission was
considered to have occurred if HBV was detected in the serum
of the infant (or sibling), regardless of whether they were HBsAg-
positive or -negative.

Statistical analysis was performed using IBM SPSS Statistics
version 20.0 for Windows (IBM Corp, Armonk, NY, USA).
Fisher’s exact test was used to compare the categorical variables
and determine if the associations were statistically significant.
All tests were two-sided and a p-value < 0.05 was considered
statistically significant.

117 HBeAg-negative
mothers

111 (94.9%) infants tested
6 (5.1%) dropped out

47 (85.5% n = 55) siblings
tested 8 (14.5%) excluded

None infected
1 (2.1%) immunological
vaccine failure
46 (97.9%) immune

2 (1.7%) infected
109 (98.2%) immune

Fig. 1 Flow chart shows subject recruitment for the study. HBeAg:
hepatitis B e antigen

RESULTS

A total of 120 HBsAg-positive and HBeAg-negative mothers
gave birth during the study period. Three mothers who were
HBeAg-positive in an earlier pregnancy were excluded from the
study. Among the remaining 117 mother-child pairs, 6 (5.1%)
defaulted on follow-up for their serological testing despite calls
and reminders. Hence, serological results were available only
for 111 pairs for prospective cohort analysis. The overall default
rate among the infant cohort was 5.1% (Fig. 1).

A total of 55 children (i.e. older siblings of the infants
delivered during the study period) from the 117 mothers were
delivered before the study period. 8 (14.5%) of these 55 siblings
were excluded due to lack of consent or incomplete results.
Among the remaining 47 siblings, 26 (55.3%) were born after
2006 and received both active (hepatitis B vaccine) and passive
(HBIg) immunisation; these 26 children, together with the 111
infants from the current pregnancies, formed the study group.
The remaining 21 children were born in the years 2001-2006
and received only active immunisation; these siblings formed
the control group.

Two infants from the study group (n = 137) were infected
via vertical transmission despite receiving HBIg. Both of these
infants had anti-HB levels < 10 1U/L and were HBsAg-negative
but positive for HBV DNA; they had HBV genotype C that also
had surface gene variants, demonstrating that the vaccine likely
leads to amino acid changes in the surface antigen. One other
infant had an anti-HB level < 10 IU/L and was initially found
to be HBsAg-negative and negative for HBV DNA, but had a
subsequent anti-HB level of 945 IU/L after three further doses
of HBV vaccine.

One sibling from the study group who had received HBIg
was found to have true immunological vaccine failure, as she
was not able to demonstrate an anti-HB level > 10 IU/L despite
receiving a total of six doses of HBV vaccine; she did not have
occult HBV virus. None of the 21 control patients who were
born to HBeAg-negative mothers and did not receive HBIg
were infected.
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Fig. 2 Flow chart shows the recruited subjects according to maternal hepatitis B virus (HBV) DNA load (measurements were taken in 2009-2013).

HBeAg: hepatitis B e antigen; HBsAg: hepatitis B surface antigen

The vertical transmission rate was 1.5% among the children
who received HBIg (i.e. study group) and 0% among the children
who did not, i.e. control group (p = 1.00). A total of 61 and 54
HBeAg-negative mothers had low (i.e. between 14 1U/mL and
2 x 10* lU/mL) and undetectable (i.e. < 13.5 IU/mL) viral loads,
respectively. None of the children of the 54 HBeAg-negative
mothers with undetectable viral load (Fig. 2) demonstrated
vertical transmission, regardless of whether they received HBIg
(n = 51) or not (n = 24). Two infants who received HBIg and
one sibling from 2 (1.7%) HBeAg-negative mothers with high
viral load (i.e. > 2 x 10* lU/mL) were tested; none of them had
vertical transmission.

DISCUSSION
The results of the present study showed that children from
HBsAg-positive and HBeAg-negative mothers do not require HBIg
prophylaxis. Universal hepatitis B vaccination has been practised
in Singapore since 1987. As a result, the seroprevalence of HBsAg
positivity among children aged 1-17 years has decreased to
0.3% in Singapore,® thus achieving the WHO’s Western Pacific
Region goal on chronic HBV infection among children. Children
of HBeAg-negative mothers born prior to 2006 only received
hepatitis B vaccination without HBIg; in a study conducted in
1997, none of the children who received hepatitis B vaccine (but
not HBIg) were infected via vertical transmission.®

In the present study, the 51 (43.6%) infants of mothers who
were HBeAg-negative with undetectable prenatal viral load were
not at risk of vertical transmission. Thus, the addition of HBIg did
not confer any additional benefits. The older siblings, who were
born before November 2006 and only given hepatitis B vaccine
without HBIg, were also found to be adequately protected from
hepatitis B transmission. Mothers with undetectable viral load
constituted about half (46.2%, n = 54) of the HBeAg-negative
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mothers in the present study. Oon et al® demonstrated that
vertical transmission was not detected in close to 600 infants
from HBeAg-negative mothers. Given these observations, the
role of HBIg in preventing vertical transmission of hepatitis B
in full-term neonates from HBsAg-positive and HBeAg-negative
mothers is questionable, as was highlighted in the WHO position
paper.”

In many Asian countries, where HBIg may not be readily
available, universal vaccination with hepatitis B vaccine may still
be the option of choice for HBeAg-negative mothers. There are
also concerns that vaccination with HBIg may blunt long-term
immunological responses in the infants”® and increase the risk
of occult HBV infection.” In the present study, only one sibling
was found to have true immunological vaccine failure and two
infants were found to have occult infection. Larger, cost-effective
analyses will be needed to determine the risks and benefits of
universal HBIg immunisation against the cost of prenatal testing
for maternal viral load and giving HBIg to those who have
detectable HBV DNA.

It was interesting that HBV DNA was detected in two
infants who were HBsAg-negative (tested using Architect HBsAg
Qualitative II; Abbott Laboratories Pte Ltd, Singapore). These
surface gene mutants, which have been associated with HBIg
administration,” were not detected in their respective mothers.
Surface gene mutants have been previously described in studies
conducted in Singapore, ¥ Taiwan®'? and India.”” With Singapore’s
current adoption of the administration of universal hepatitis B
vaccination and HBIg, we may see a higher prevalence of these
surface mutants in the future, especially since the same recombinant
vaccine that was used in the aforementioned studies (where surface
gene mutants were observed) is being used in Singapore.

The present study was not without limitations. It involved a
birth cohort from a single tertiary centre and thus captured the
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outcomes of about a tenth of the births in Singapore; this may not
be sufficiently representative of the national cohort. In addition,
the number of historical controls in the present study was small.
However, as Singapore was able to reduce the carrier rate in
young children to almost zero with the previous vaccination
guidelines that did not require the use of HBIg,"" the vertical
transmission risk among these mothers was unlikely to be high.
As six of the study subjects (in the prospective cohort) defaulted
in the present study, we were unable to determine their outcomes.
However, given the low historical vertical transmission infection
rates, even if we assumed the worst scenario (i.e. that all six of
them were infected with HBV), the overall vertical infection rate
would not be higher than 5.8%.

To conclude, the vertical transmission rate of infants born
to HBsAg-positive and HBeAg-negative mothers, who were also
negative for HBV DNA, is low. The administration of HBIg in
addition to hepatitis B vaccine to this group of infants may not
have significant benefits. More research is needed to determine
the risks and benefits of universal HBIg immunisation against
the cost of prenatal testing for maternal viral load and selective
HBIg vaccination.
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