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Abstract

Background: Chronic hepatitis B is a public health concern in Aboriginal communities in the Northern Territory of
Australia with prevalence almost four times the non-Aboriginal population. Infection is suspected to mainly occur in
early life, however, the mode of transmission and vaccine effectiveness is not known in this population. WHO has set
a target for hepatitis B elimination by 2030; elimination in this disproportionately affected population in Australia will
require understanding of the modes of transmission and vaccine effectiveness.

Methods: We conducted the study at four very remote Aboriginal communities. We approached mothers who had
chronic hepatitis B and had given birth between 1988 and 2013 for consent. We obtained hepatitis B serology, immu-
nisation and birth details from the medical record. If both mother and child had hepatitis B viral DNA detected, we
performed viral whole genome sequencing.

Results: We approached 45 women for consent, of whom 23 agreed to participate. We included 20 mothers and 38
of their children. Of the 20 included mothers, 5 (25%) had children who were hepatitis B immune by exposure and 3
(15%) had children with evidence of chronic hepatitis B infection at the time of assessment. Hepatitis B immunoglob-
ulin (HBIg) had been given at birth in 29/38 (76.3, 95% Cl 59.8-88.6) children, and 26 children (68.4, 95% Cl 51.3-82.5)
were fully vaccinated. Of the 3 children who had chronic hepatitis B, all had received HBIg at birth and two were

fully vaccinated. Of the 5 who were immune by exposure, 4 had received HBIg at birth and one was fully vaccinated.
Whole genome sequencing revealed one episode of definite mother to child transmission. There was also one defi-
nite case of horizontal transmission.

Conclusions: Chronic hepatitis B in this context is a sensitive issue, with a high proportion of women refusing
consent. Although uncommon, there is ongoing transmission of hepatitis B to Aboriginal children in remote northern
Australia despite vaccination, and this is likely occurring by both vertical and horizontal routes. Prevention will require
ongoing investment to overcome the many barriers experienced by this population in accessing care.
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Table 1 Interpretation of hepatitis B serology
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Serological Result

Interpretation

Anti-HBs > 10 mIU/mL, anti-HBc negative, HBsAg negative
Anti-HBs positive, anti-HBc positive, HBsAg negative
Anti-HBs negative, anti-HBc positive, HBsAg positive
Anti-HBs negative, anti-HBc positive, HBsAg negative
anti-HBs < 10 mIU/mL, anti-HBc negative, HBsAg negative

Immune by vaccination
Immune by exposure
Chronic hepatitis B infection
Isolated anti-HBc positive
Non-immune

given in Table 1. The seroprevalence of hepatitis B
infection (i.e. HBsAg positive) was 6.08% in Aborigi-
nal Australians compared to 1.56% in the non-Aborig-
inal population between 2007 and 2011 [1]. There are
also higher rates of hepatitis B related liver cancer in
the Aboriginal population [2].

There are two main avenues of transmission of hepati-
tis B. Vertical transmission occurs from infected moth-
ers to their newborn(s) during pregnancy or birth [3].
Horizontal transmission occurs after birth as a result
of exposure of non-intact skin or mucous membranes
to infected blood or body fluids, and usually occurs in
early childhood when viral loads are high or through
sexual transmission in later years [4, 5]. The main
source of transmission of hepatitis B among Aboriginal
people living in remote communities in northern Aus-
tralia remains unknown but is suspected to occur either
perinatally or during early childhood [6]. Acquisition of
hepatitis B virus in early life is more likely to lead to
chronicity and its complications such as cirrhosis and
liver cancer, compared with acquisition during adult-
hood [7].

Rates of vertical transmission differ across endemic
regions [8, 9]. These differences are thought to relate to
differences in the timing of seroconversion of HBeAg,
which is in turn influenced by hepatitis B genotype [10,
11]. The presence of HBeAg during pregnancy increases
the risk of vertical transmission of hepatitis B from 31
to 85% without vaccination and from <1% to approxi-
mately 9% with active and passive (HBIg) immunisa-
tion [12, 13]. There is a unique hepatitis B genotype in
the Northern Territory of Australia, called genotype
C4 (HBV/C4) [14]. Genotype C HBV is associated with
later clearance of HBeAg and thus a high prevalence
of HBeAg positive, high viral load infections during
reproductive years, leading to a likely higher risk of ver-
tical transmission [11, 14]. In the Northern Territory
of Australia, universal infant hepatitis B vaccination
for Aboriginal and Torres Strait Islander children was
introduced in 1988 with a catch-up program for those
aged 6-16years in 1998-99 [15]. While this has led to
a decrease in chronic hepatitis B prevalence to between

2 and 4% since introduction of universal birth vaccina-
tion, this does not yet meet World Health Organisation
(WHO) aims for a prevalence of chronic hepatitis B to
be <0.1% in those under 5years of age [1, 16].

The WHO has set a target for elimination of chronic
hepatitis B as a public health problem by 2030 [17]. The
third National Hepatitis B Strategy has recognised Abo-
riginal and Torres Strait Islander people and those who
are pregnant as priority populations to target hepatitis B
interventions [18]. Routes of transmission and vaccine
effectiveness in the period of universal vaccination need
to be understood to inform preventative activities to
achieve the elimination targets and reduce the burden of
infection experienced by these communities. The aims of
this study were, in a cohort of Aboriginal children born
during a period of universal vaccination to mothers with
chronic hepatitis B, to determine the hepatitis B preva-
lence, whether vertical transmission or horizontal trans-
mission occurred, factors associated with transmission
and vaccine effectiveness.

Methods

Design and setting

We conducted an observational study at four very remote
communities in the tropical north of the Northern Ter-
ritory of Australia, between August 2016 and December
2017. The Northern Territory comprises 1,337,791 km?
and the four communities are classified as very remote
by the Australian Statistical Geography Standard [19, 20].
Ethical approval was obtained from the Human Research
Ethics Committee of the Northern Territory Depart-
ment of Health and Menzies School of Health Research
(HREC2015-2520).

Study population and data collection

We approached Aboriginal mothers who had chronic
hepatitis B and gave birth between 1988 and 2013 and
obtained written informed consent. These mothers were
found by identifying children who had been given hepa-
titis B immunoglobulin via the Northern Territory HBIg
database. We excluded participants if they were not able
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to give informed consent. We used an interpreter where
necessary.

We allocated a unique study number to those consent-
ing and collected basic demographic and clinical infor-
mation. We then reviewed their children’s serology. If
the child had complete serology of all three seromark-
ers (hepatitis B surface antigen (HBsAg), hepatitis B core
antibody (anti-HBc), and hepatitis B surface antibody
(anti-HBs)), we did not approach them for further data
but arranged appropriate follow up for clinical care. If a
child’s serology was incomplete or had not been taken
at an age older than 9 months, we also approached them
for consent (age over 18) or assent (age under 18). We
obtained blood from mothers and their children and
tested for HBsAg, anti-HBc, anti-HBs and hepatitis B
viral DNA viral load, at the Victorian Infectious Diseases
Reference Laboratory (VIDRL).

If mother and child had a positive hepatitis B viral
DNA, we performed whole genome sequencing on both
viruses. We recorded data on a paper case report form,
then transferred to a secure database removing identify-
ing information for analysis.

A child was considered to be fully vaccinated if they
had received four doses of vaccine including the birth
dose (i.e. given within 7days of birth) and then at least
three additional doses were given at specified intervals.
The specified intervals included being at least 6 weeks of
age for the first dose and 6 months (168 days) for the third
dose, at least 4 weeks (28 days) between the first and sec-
ond dose, at least 8weeks (56 days) between the second
and third dose and at least 16 weeks (112 days) between
the first and third doses [15]. If vaccines were given at too
short an interval but then additional doses were given,
if the above criteria were met with any of the additional
doses, then the child was considered fully vaccinated.

Statistical analysis
We calculated the proportion of mothers who gave birth
to at least one child who showed evidence of virus trans-
mission (i.e. child was either immune by exposure, has
chronic hepatitis B, or had isolated anti-HBc positive),
the prevalence of the hepatitis B statuses among children
included in the study, and the proportion of children who
had hepatitis B serology tested after 12 months of age.
We performed univariable logistic regression to deter-
mine if there were any factors associated with trans-
mission (i.e. child was either immune by exposure, had
chronic hepatitis B, or was isolated anti-HBc positive),
with a plan for a multivariable model using backwards
selection for any factor with a Wald p-value of <=0.05
on univariable analysis. Factors tested were gender, ges-
tational age at birth, birth weight, mode of delivery,
mother’s age, vaccination status and delivery of HBIg on
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time. All analyses were conducted using Stata version 16
(Statacorp, College Station, Texas, USA).

Genomic sequencing

For the mother-child pairs who had sufficient viral load to
have whole genome sequencing performed, we assumed
mother to child transmission occurred if there was near
identical sequence homology. We performed genome
sequencing as previously described [21, 22]. We per-
formed sequence analysis using SeqScape v2.7 (Applied
Biosystems). We compared sequences of the hepatitis B
virus isolated from the child, mother and controls using
BioEdit Sequence Alignment Editor v7.2.5 [23].

Results

Study population

We recruited participants from August 2016 to Decem-
ber 2017. We identified 61 mothers as meeting inclusion
criteria. Twenty-two did not consent and we were unable
to locate or discuss the study with a further 16. Of the
23 consenting to participate, one did not have evidence of
having chronic hepatitis B on subsequent review (despite
their child receiving HBIg) and 2 mothers did not have
any children included in the study. Twenty mothers and
38 of their children were subsequently included in the
study (See Fig. 1). The baseline characteristics of mothers
and children and the birth details of each child partici-
pant are given in Table 2.

HBIg administration

Of the 29 children where documentation of the date of
HBIg administration was found, 25 (86.2, 95% CI 68.3—
96.1) had received immunoglobulin within 24hours
of birth. There were nine children recorded on the reg-
ister as having HBIg, but no date of administration was
recorded.

Immunisation

The majority of children had received 4 doses or more of
hepatitis B vaccine (34 children, 89.5, 95%CI 75.2-97.1).
Twenty-four children (63.2, 95%CI 46.0-78.2) were con-
sidered fully vaccinated. Of the 14 children not consid-
ered fully vaccinated, four did not have documentation of
three doses of vaccine subsequent to the birth dose, and
10 had an appropriate number of vaccines but not at the
recommended time intervals.

Serological results

Of the 38 children, 33 (86.8, 95% CI 71.9-95.6) had
complete serology either in the medical record or
tested at VIDRL. Thirty-one of the 38 children already
had a complete hepatitis B serology in their medical
record and the median age when this was performed
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61 mothers identified as meeting
inclusion criteria

22 did not consent

16 unable to find or discuss study

23 mothers located and gave
consent

1 mother no evidence of HBsAg
positivity
2 mothers did not have any
children included in study

20 mothers

9 mothers with multiple children

(1 mother with 5 children, 4
mothers with 3 children each, 6
mothers with 2 children each)

11 mothers with single child
(11 children)

38 children included

Fig. 1 Mothers and children included in study
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Table 2 Baseline Characteristics of Child and Mother Participants
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Child (n =38) Mother (n =20)
Age (median, IQR) 8.8(5.7-13.0) 37.6 (34.7-40.7)
Gender (female, %) 22 (57.9) 20 (100)

Community (n, %)

Gestational Age of Birth (median, IQR, n =25)

Type of delivery (n=29)

Birth weight (kg, median, IQR, n =28)
Immunoglobulin given at birth (n =29, %)
Place of birth (n =38)

Community A: 7 (18.4)
Community B: 11 (29.0)
Community C: 11 (29.0)
Community D: 9 (23.7)
<37 weeks: 7 (28.0)
>37weeks: 18 (72.0)
Uncomplicated vaginal:
19 (65.5,95% Cl 45.7-82.1)
Elective Caesarean:
5(17.2,95%Cl 5.8-35.8)
Emergency Caesarean:
5(17.2,95%Cl 5.8-35.8)

28kg (24-3.5)
25 (86.2, 95%Cl 68.3-96.1)

Tertiary Hospital:

37 (97.4,95%Cl 86.2-99.9)
Regional Hospital:
1(26,95%Cl 0.1-13.8)

Community A: 5 (25.0)
Community B: 7 (35.0)
Community C: 4 (20.0)
Community D: 4 (20.0)

Table 3 Hepatitis B status of all child participants and characteristics of children with chronic hepatitis B and children who were

immune by exposure

Hepeatitis B status of child participants with complete serology’

Status Number (n =33)
Immune by vaccination 12

Immune by exposure 3

Chronic hepatitis B infection 3

Isolated anti-HBc positive 2

Non-immune 13

% (95% Cl)
36.4(20.4-54.9)
9.1(1.9-243)
9.1(1.9-243)
6.1(0.7-20.2)
394 (22.9-57.9)

Characteristics of children with chronic hepatitis B (1-3) and children who were immune by exposure (4-8)

Child Gender Gestational Weight(kg) Mode of delivery
Age (weeks)

1€ Female 35 22 Vaginal

2 Female 34 1.8 Vaginal

3 Male 32 14 Vaginal

4 Female 35 2.2 Vaginal

5d Female  No details No details No details

64 Female 38 35 Vaginal

7 Female 40 3.6 Vaginal

8 Female 39 26 Caesarean

Mother’s age at Fully vaccinated® HBIg documented Transmission

time of birth as given at birth

249 No Yes Vertical (WGS)
174 Yes Yes ?

219 Yes Yes ?

249 No Yes ?

326 Yes Yes Horizontal
27.6 No Yes ?

21.1 No No ?

323 No Yes ?

2 Of the remaining 5 without complete serology, 2 had no serology, 1 had anti-HBc and anti-HBs performed only (and was anti-HBs positive, cAb negative), 1 had anti-
HBs done only (positive), and 1 had HBsAg and anti-HBs done only (HBsAg negative, sAb positive)

b birth dose given and three vaccines prior to 12 months of age given at appropriate intervals

¢ child’s virus isolate whole genome sequenced
disolated core antibody positive

was 6.9years (IQR 3.1-12.3). The hepatitis B status of
all children and the characteristics of children who had
chronic hepatitis B or were immune by exposure are
given in Table 3.

Hepatitis B transmission

Three of the 20 included mothers (15%; 95% CI 3.2—-37.9)
had a child with chronic hepatitis B infection, while 5 of
the 20 included mothers (25%; 95%CI 8.7—-49.1) had a
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child who was immune by exposure. All 3 children who
had chronic hepatitis B infection had received HBIg at
birth and 2 were considered fully vaccinated. The child
considered incompletely vaccinated had 4 doses of vac-
cine prior to 18 months, but not at the recommended
intervals. Of the 5 who were immune by exposure, only
one was considered fully vaccinated while 4 had docu-
mentation of having received HBIg at birth. Of the four
with incomplete vaccination, one did not have enough
hepatitis B vaccine doses for a primary immunisation
course, while 3 had at least 4 doses of vaccine prior to
18 months, but not at the recommended intervals. There
were two children with evidence of hepatitis B exposure
and transmission who were born to the same mother:
one had chronic hepatitis B and one was immune by
exposure. There were no other common mothers among
the children who were either immune by exposure, had
chronic hepatitis B or isolated anti-HBc positive. There
was no clustering in any particular community. There
was evidence of horizontal transmission in one child
when analysis of historical hepatitis B serology was per-
formed (i.e. there was a negative anti-HBc result followed
by a positive one).

There was one mother-child pair where there was suf-
ficient hepatitis B DNA for whole genome sequencing
and comparison. The two sequences were identified as
sub-genotype C4 and had 100% identity, that is, there
were no nucleotide (nt) differences detected over 3215nt
of sequence analysed. Comparison of the whole genome
sequences with 61 genotype C4 sequences previously iso-
lated from other people in the same region showed the
most closely related sequence had 8nt differences across
the 3215nt (97.75% identity). This was consistent with a
transmission event between mother and child. Neither
the classic G145R vaccine escape mutation nor any fur-
ther known vaccine escape mutations were detected in
either sequence.

There were no statistically significant factors associ-
ated with transmission on univariable analysis (i.e. child
being either immune by exposure, isolated-HBc positive

Table 4 Factors associated with transmission and infection
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or having chronic hepatitis B) (Table 4). Transmission
was numerically lower if the child was fully vaccinated
but higher for female children and children of low birth
weight but none of these observations were statistically
significant.

Discussion

There is ongoing, albeit uncommon, transmission of
hepatitis B in the Aboriginal population of northern Aus-
tralia despite universal vaccination. Evidence of hepatitis
B transmission was relatively high in the children in this
study and we showed definite vertical transmission in
one mother child pair by whole genome sequencing, and
one episode of definite horizontal transmission. Ongo-
ing prevention will require a multilayered approach, co-
designed with the communities impacted, to minimise
both these avenues of transmission in this disproportion-
ately affected population.

Vertical transmission as demonstrated by whole
genome sequencing likely reflect high rates of mater-
nal HBeAg positivity in this region and highlights the
need to have ongoing improvements in the cascade of
care among pregnant women including the provision of
antivirals. Aboriginal people of the Northern Territory
of Australia are infected with the unique genotype C4
and compared to other genotypes, those with genotype
C are less likely to lose HBeAg by gestational years [11,
14]. The presence of HBeAg correlates with hepatitis B
viral load and vertical transmission is associated with
both HBeAg positivity and high maternal viral loads
[24-27]. Routine use of the antiviral tenofovir during
late pregnancy in mothers with high viral loads to pre-
vent mother to child transmission is now routine prac-
tice but was not during the time period for this study
and so transmission rates are likely now lower [28].
The ongoing transmission shown in this study despite
vaccination strategies highlights the importance of the
provision of this care and antivirals during pregnancy
and further research should continue to examine rates

Factor OR for infection (95%(Cl) (i.e. child p-value OR for transmission (95%Cl) (i.e. p-value
HBsAg + ve) child anti-HBc + ve)
Female gender 14(0.1-17.7) 0.773 (09 76. 2) 0.065
HBIg given at birth - 0.855 1(0.1 8) 0.968
Fully vaccinated 1.1(0.1-13.5) 0.941 .2 (0.0-1 2) 0.077
Caesarean - - .3(0.03-2.9) 0.288
Mother’s age (per year) 0.7 (0.4-1.0) 0.078 9 (0.7-1.1) 0.203
Birth weight (per kg) 0.2 (0.0-1.1) 0.06 6(0.2-1.7) 0.293
Gestational age (per week) 0.9 (0.7-1.1) 0.240 0(0.8-12) 0.914
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of diagnosis of hepatitis B in pregnancy, tenofovir use
and enrolment into antenatal care.

To achieve hepatitis B elimination equitably across
very remote Aboriginal communities a targeted and
holistic approach is needed, as although the tools are
available, they have been demonstrated not to be uni-
versally implemented. The “one stop liver shop” has
been shown to improve the cascade of care in these
communities, but there remains a significant number of
individuals who are not yet diagnosed [29]. Data link-
age and coding has attempted to improve identification
of cases; however, many individuals do not have hepa-
titis B testing results [30]. A targeted strategy is likely
needed for those who are pregnant to ensure hepatitis
B is diagnosed and care is received. Although antena-
tal care is frequent in this population, first visits occur
later in the pregnancy, preterm birth is common and
antenatal care has been suggested to be poorly coordi-
nated [31]. This will be even more important as return
to birthing services within a community development
approach is being considered [31]. The development of
a culturally appropriate bilingual electronic app about
hepatitis B aims to provide culturally appropriate hepa-
titis B care, has been translated in a number of Abo-
riginal languages, and has specific education about care
during pregnancy to improve care during this time [32].

We demonstrated horizontal transmission in one
child and high proportion of children who were
immune by exposure [33]. One mechanism by which
horizontal transmission could be occurring is through
contact with wounds or otherwise non-intact skin in
early childhood. The primary mode of hepatitis B trans-
mission in New Zealand was thought to be direct con-
tact through blood and skin sores [34]. In the Northern
Territory, 70% of children have skin sores [35]. Con-
tinued public health response to skin health is likely to
have a role in the prevention of hepatitis B transmission
in our region with “The Healthy Skin Program” of the
Northern Territory aiming to improve skin health [36].

The evidence of hepatitis B transmission demon-
strated in our study may reflect suboptimal vaccine
effectiveness. Reduced effectiveness of hepatitis B vac-
cine has been attributed to genetic factors, recurrent
infection, passive smoking, poor nutrition, and inter-
ruption in the cold chain [37-40]. In addition, reduced
effectiveness may be contributed to by the vaccine
subtype mismatch between the vaccine subgenotype
A2 (subtype adw2) and the circulating viral subgeno-
type C4 (subtype ayw3) in the Northern Territory [14,
41]. There was also a non-statistically significant trend
towards transmission for those who were lower birth
weight in our study, suggesting reduced vaccine effec-
tiveness in this group.
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We found delayed delivery of hepatitis B immunoglob-
ulin at birth in some patients. There was also a high pro-
portion of hepatitis B vaccinations occurring at intervals
shorter than that which is recommended, which may be
reducing vaccine effectiveness. Ten children had four
vaccines prior to the age of 18 months, but not at the rec-
ommended time intervals, and transmission occurred
in four of these children. Optimising timing of vaccine
will be critically important in ongoing efforts to prevent
transmission as post-natal care in remote health services
is infrequent in this population [31].

There are encouraging results suggesting that most
children had already been tested with 31 of 38 children
having complete hepatitis B serology in their medi-
cal records. The median age which this occurred was
6 years old. This is still an area for practice improve-
ment as it is recommended that children born to moth-
ers with chronic hepatitis B have serology checked
3-12months after completing the primary course of
vaccination, which should ordinarily occur within the
first 6—12 months of life [15].

The limitations of this study include that it is a retro-
spective study and not all birth data were available for all
participants. It focused on four remote communities in
the tropical north of the Northern Territory of Australia
and is not necessarily generalisable to all such commu-
nities. However, we note that there was no clustering of
infection in any community and although was a small
sample, is likely to be similar across the Northern Terri-
tory. There was also noted difficulty in recruiting patients
in this study with 22/45 (48.9%) mothers declining to
participate, which also limits generalisability.

Conclusions

In conclusion, there is evidence of limited but con-
tinued early childhood transmission of hepatitis B in
Aboriginal communities in northern Australia despite
vaccination and is likely occurring via both vertical
and horizontal routes. Optimisation of vaccine effec-
tiveness through improved timing of administration,
the provision of antivirals in pregnancy when appro-
priate, investment in skin health, and ongoing effort to
increase those diagnosed and in care will ensure WHO
elimination goals are met and the burden of hepatitis
B infection experienced by Aboriginal people living in
northern Australia is reduced.
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