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Vertical transmission from mother-to-child is an important mode of hepatitis B virus (HBV) infection,
accounting for up to half of all incident cases globally. We evaluated the uptake of HBV neonatal vacci-
nation and immunoglobulin delivery in Queensland, Australia, between 2001 and 2013. We identified
HBV-positive mothers using linked notifiable conditions, hospitalisation, and perinatal administrative
data. Perinatal receipt of monovalent HBV vaccine and hepatitis B immunoglobulin were examined. Of
710,859 live births, with 5753 infants (0.81%) born to identified HBV-positive mothers; 91.7% received
HBV neonatal vaccine. Immunoglobulin uptake was 20.0% in 2012 and 36.6% in 2013. Uptake was higher
when the mother’s HBV-positive status was recorded in perinatal records (69.6% if maternal HBV status
recorded on perinatal data collection vs 9.5% otherwise). Delivery of neonatal HBV vaccination in
Queensland was high. Improved identification and documentation of HBV-positive mothers’ status dur-
ing the antenatal period was associated with increased immunoglobulin administration.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction Perinatal immunoprophylaxis for infants born to HBV-positive
Chronic infection with hepatitis B virus (HBV) carries a signifi-
cant global burden of disease, accounting for over 30% of all viral
hepatitis-related mortality worldwide [1]. In Australia, HBV notifi-
cation rates remained relatively high in 2017, at 45/100,000 person
years in the 25–29 age group and 53/100,000py for adults aged 30–
39 years [2]. In 2015, the estimated number of people living with
chronic HBV infection in Australia was approximately 250,000
[2,3]. Vertical transmission of HBV from mother to child is an
important mode of infection, accounting for up to half of all inci-
dent cases globally [4]. Without intervention, 70–90% of all infants
born to seropositive mothers become chronically infected over
their life span [5,6]. Children who acquire HBV early in life and
develop chronic HBV infection are particularly susceptible to seri-
ous long-term sequelae, including acute liver failure, cirrhosis, and
hepatocellular carcinoma [7].
mothers can prevent transmission: consisting of hepatitis B
immunoglobulin (HBIG) and a monovalent HBV vaccine at birth.
It is followed by receipt of the recommended childhood vaccina-
tion schedule in Australia (three-dose primary course at 2, 4, and
6 months of age) [8]. The completion of perinatal immunoprophy-
laxis reduces the risk of vertical transmission by 85–95% [9]. In
Australia, targeted vaccination of infants born to HBV-positive
mothers was introduced from 1986 [10]. A nationally funded uni-
versal program for a birth-dose of monovalent vaccine in all infants
was introduced in May 2000, in response to suboptimal coverage
rates with the targeted program (Supplementary Material 1) [10].

With this study we sought to assess the completion rate of peri-
natal HBV vaccination and immunoglobulin administration in
infants born to HBV-positive mothers in Queensland, Australia,
using a state-wide data linkage of all births from 2001 to 2013.
2. Material and methods

We conducted a data linkage study to identify infants born to
mothers identified with chronic HBV infection in Queensland,
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Australia between 01 January 2001 and 30 June 2013 (births in
2001: 47,678; births in 2013: 63,354). We examined HBV vaccina-
tion and HBIG receipt at birth. No changes in Queensland policy or
program (other than vaccine brand used for the program) occurred
over the time period of this study. All linkages were achieved
through deterministic and probabilistic matching using personal
details from routinely collected data. Linkage was conducted inde-
pendently of the study investigators by the Statistical and Analysis
Linkage Team, Health Statistics Unit, Queensland Health. The study
was approved by the Queensland Children’s Health Services
Human Research Ethics Committee.

2.1. Identification of HBV-positive mothers

Data from the Queensland Government administered Perinatal
Data Collection (PDC), Notifiable Conditions System (NOCS),
Queensland Hospital Admitted Patient Data Collection (QHAPDC)
databases, and the Vaccine Information and Vaccine Administra-
tion System (VIVAS) were linked to identify HBV-positive mothers,
and their infants’ perinatal HBV vaccine and HBIG receipt. At the
time of the study, VIVAS provided information on the provision
of childhood vaccinations directly into the Australian-wide Aus-
tralian Childhood Immunisation Registry (ACIR). Data from the
births registry were used to provide a link between PDC and other
datasets.

In Queensland, HBV infection is a mandatory notifiable condi-
tion upon laboratory diagnosis under the Public Health Act 2005
and its subordinate regulation (Supplementary Material 1), with
cases recorded in NOCS. The PDC is a record of the pregnancy
and birthing experience and contains details of all mothers who
give birth in Queensland. It is completed prior to discharge by
healthcare professionals using data from the mother’s clinical case
notes. QHAPDC is a database of all hospital admissions in Queens-
land. Data on individuals admitted with an ICD-code indication of
chronic HBV infection were included in our study. A woman was
categorised as HBV-positive if chronic HBV was identified on NOCS
prior to delivery, a hospitalisation event with chronic HBV coding
was recorded on QHAPDC prior to delivery, or if chronic HBV infec-
tion was recorded as a current medical condition within the PDC.
From 2001 to June 2012, chronic HBV infection was recorded on
the PDC using a free-text field. From July 2012 onwards, it was
recorded via a specific tick-box labelled ‘‘Hepatitis B Carrier”.
Chronic HBV infection was identified from recorded ICD-9/10
codes within the PDC and QHAPDC (Supplementary Material 2).
Women with a recorded ICD code of acute HBV infection without
evidence of chronic HBV were not included in this study because
of the potential resolution prior to their child’s birth.

2.2. Infant vaccination

Vaccination at birth prior to hospital discharge was recorded in
the PDC throughout the study period, while administration of HBIG
was recorded in the PDC only from July 2012 onwards. Birth vacci-
nation and HBIG administration data were also captured on VIVAS
and were used to supplement PDC data. Following Australian rec-
ommendations, vaccine receipt was considered administered if
documented as being given within 7 days of birth, and HBIG
receipt was considered if administered within 2 days of birth [8].

2.3. Data and statistical analysis

Maternal characteristics extracted from the databases
included age and year of birth, socio-economic status, location
of residence, country of birth, and whether the mother identified
as an Aboriginal or Torres Strait Island person (hereafter respect-
fully referred to as Indigenous). Socio-economic status was cate-
gorised into thirds according to postcode of residence using the
Australian Bureau of Statistics Socio-Economic Index for Areas
(SEIFA), a measure of relative disadvantage [11]. Location of res-
idence was categorised as major city or regional/remote accord-
ing to the Australian Standard Geographical Classification
Remoteness Structure [12]. Mothers were categorised as being
Australian Indigenous, non-Indigenous Australian-born, or
overseas-born. Indigenous status is routinely collected in a stan-
dardised manner in the databases used in this study. Those
without a recorded Indigenous status were classified as non-
Indigenous in this study.

All births during the study period were analysed. Administra-
tion of birth-dose HBV vaccine and/or HBIG in infants was deter-
mined and a percentage of total live births to HBV-positive
mothers was calculated for each year. Statistical significance of cat-
egorical variables was calculated using chi-squared analysis. The
association between demographic and social characteristics of
the mother and both maternal HBV-positive status and the child’s
birth vaccination status were investigated using logistic regression.
All maternal characteristics were included in the models. Both uni-
variable and multivariable models were constructed. Multivariable
models included all reported characteristics as covariables, as well
as year of birth of infant. All analysis was conducted in Stata statis-
tical software v15 (StataCorp, College Station, TX, USA).

3. Results

From January 2001 to June 2013, 710,859 births were recorded
on the PDC, with 5753 infants (0.81%) born to 2589 identified
HBV-positive mothers (Fig. 1). Of these births, 1217 were identi-
fied from the PDC. Of the 4536 remaining births, 3341 were iden-
tified from NOCS only, and 257 from QHAPDC only. Maternal
factors associated with greater prevalence of births to HBV-
positive mothers are seen in Supplementary Material 3. Notably,
the prevalence of births to overseas-born mothers on the PDC
increased over time (from 0.28% to 0.46% of all births), reflected
in an increase of overall prevalence of HBV-positive mothers
(0.80–1.75%).

Birth-dose HBV vaccine was administered to 5271 (91.6%)
infants born to HBV-positive mothers (Fig. 2). Following an initial
rise in vaccine uptake following introduction of the nationally
funded universal birth-dose program, annual birth vaccination
percentages for these infants ranged from 92.1 to 95.7% between
2001 and 2013. In comparison, overall birth vaccination was
87.7% from 2001 to 2013 in infants born to mothers not identi-
fied as HBV-positive (p < 0.001). When investigated by source of
HBV identification, 1160 (95.3%) infants identified on the PDC
received birth vaccination, compared to 4110 (90.6%) infants
not identified via the PDC. Of these, 227 (5%) were identified
only via QHAPDC.

Documentation of HBIG administration was consistently below
5% from 2001 to 2011 and increased to 20.0% from July–December
2012 and to 36.6% from January–June 2013, the first two six-month
periods after HBIG recording began in the PDC. When investigated
by source of HBV-positive mother identification, 270 (69.6%)
infants of PDC-identified mothers and 63 (9.5%) infants of NOCS
and QHAPDC identified mothers received HBIG (p < 0.001). For
705,106 infants born to mothers not identified as HBV-positive,
41 (0.006%) were recorded as being administered HBIG. All infants
who received HBIG also received birth vaccination.

When the association of maternal characteristics in HBV-
positive mothers and HBV birth vaccine was examined, infants of
Australian-born non-Indigenous mothers were significantly less
likely to be vaccinated at birth after adjusting for potentially con-
founding variables (Supplementary Material 4). Infants born in a
major city were more likely to be vaccinated.



Fig. 1. Hepatitis B virus carrier women giving birth in Queensland, Australia, January 2001-July 2013.

Fig. 2. All births that occurred with a HBV-positive mother, and percentage of births with a HBV-positive mother where birth dose HBV vaccine and HBIG were administered.
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4. Discussion

In our study of linked datasets in Queensland, we found high
HBV vaccination coverage at birth in infants born to HBV-
positive mothers. These numbers were similar to studies from
other Australian states and national immunisation statistics
[13–15], and further, were comparable to data from the United
States, Canada, and the UK [16–18]. Vaccination coverage was also
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significantly higher among infants born to HBV-positive mothers
than those born to non-HBV-positive mothers. Birth HBV vaccina-
tion coverage differed by population group in HBV-positive moth-
ers, with infants born to Australian Indigenous and overseas-born
mothers having the highest reported coverage. This coverage dif-
ference highlights a potential healthcare worker and/or maternal
bias in risk perception and the need for attention to HBV infection
prevention in all children.

Sub-optimal HBIG administration, or possibly sub-optimal doc-
umentation, was noted. HBIG administration was significantly
higher when the mother’s chronic HBV-positive status was identi-
fied via the PDC and rose sharply in the twelve months after rou-
tine recording on the PDC was introduced. There are several
possible reasons for this rise. Previous poor data capture may have
led to under-reporting of the actual number of infants adminis-
tered HBIG, or poor collection of HBV status on the PDC prior to
routine recording may have decreased compliance with recom-
mendations. A similar trend was noted in a UK study, which was
attributed to ‘‘historic data recording issues” [17]. Further, a recent
study from New South Wales found similar poor collection of HBV
status on the PDC, with only a 65% capture sensitivity [19]. Overall,
it seems that poor capture of HBV status is not an isolated phe-
nomenon and may relate to why we found sub-optimal HBIG
administration.

Further, we found overall births to HBV-positive mothers
increased between 2001 and 2013, possibly due to the increased
number of births in overseas-born mothers. This is consistent with
the increasing rate of migration into Australia, primarily from
countries where HBV prevalence is high [20]. Notably, there was
little change in the proportion of all births to HBV-positive non-
Indigenous Australian-born mothers. Identified characteristics of
HBV-positive mothers were consistent with recent Australian find-
ings [16,17].

Somewhat surprisingly, we found a proportion (5%) of HBV-
positive mothers who were only identified through linkage with
QHAPDC and not identified on the PDC or NOCS. Recent studies
from other Australian jurisdictions, the Northern Territory [13]
and New South Wales [14], exploring issues around perinatal
HBV transmission did not include linkage to previous hospital
admissions with HBV-specific coding in the mother. As a conse-
quence, these and similar studies may underestimate the number
of HBV-positive women giving birth, which may reflect women
less likely to access hospital services or be screened for HBV infec-
tion. Alternatively, this may reflect those with previously diag-
nosed chronic infection, who may only have HBV viral load or e
antigen testing; a positive result for either of these is not a specific
trigger for notification in Australia.

Reassuringly, in Queensland, the overall prevalence of HBV-
positive mothers was 1.75%, in line with World Health Organiza-
tion (WHO) targets of reducing HBV prevalence to <2% by 2012
and projected to meet target of <0.1% by 2030 [21,22].

Lastly, children born to mothers not identified on the PDC were
observed to receive HBIG less frequently (69.6% vs 9.5% in 2012–
2013 for children born to PDC and NOCS/QHAPDC identified moth-
ers, respectively). Recent studies demonstrated that administration
of HBV vaccine at birth without HBIG was responsible for over 90%
of the combined intervention’s protective effectiveness, implying
that vaccine alone may be enough in preventing a substantial pro-
portion of vertical HBV transmission [23]. Previous findings have
shown HBIG to be a cost-effective strategy which does provide
an improvement in preventing HBV transmission when combined
with the HBV vaccine [24]. The inclusion and continual improve-
ment of HBIG uptake will further assist in the elimination of HBV
and is in line with WHO recommendations [23].

The main strength of our study is the comprehensive identifica-
tion of HBV-positive mothers via data linkage. Identification using
ICD-codes from Queensland-based routinely collected data from
hospital and notifiable conditions databases led to the identifica-
tion of approximately four times more HBV-positive women than
would have been attained through the PDC alone. When evaluating
program success, our findings highlight the importance of using all
available datasets to identify HBV-positive mothers. A limitation of
this method of identification is that a proportion of mothers iden-
tified on NOCS/QHAPDC who were subsequently not identified as
HBV-positive during antenatal screening may represent those with
spontaneous resolution and conversion to being HBsAg negative.
Previous studies suggest spontaneous resolution of chronic HBV
infection occurs in only 1–3% of infected adults annually [25,26].
5. Conclusion

This study assessed uptake of the perinatal preventive program
for infants born to HBV-positive mothers using a comprehensive
linked dataset. Birth vaccination rates were consistently high,
especially when the mother was recorded as HBV-positive in the
perinatal data collection record. However, a large proportion of
mothers were recorded elsewhere in QHAPDC or NOCs where vac-
cination rates were lower. HBIG coverage is improving but remains
suboptimal. We noted a cohort of infants born to previously iden-
tified HBV-positive mothers who were not identified on the PDC
and who did not receive HBIG at birth. This highlights the need
for improved HBV identification in routine antenatal care. These
findings suggest that, similar to US recommendations from the
CDC [27–28], Australia may benefit from a programmatic approach
to further enhance implementation of the current perinatal HBV
prevention recommendations. A more centralised and co-
ordinated approach to identifying and treating the infants of
HBV-positive mothers may be required to further minimise the risk
of perinatal acquisition and subsequent associated risks of chronic
HBV infection.
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