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Australian vaccine preventable disease epidemiological review series: Hepatitis B, 2000–2019
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Abstract
Introduction
Hepatitis B vaccination was nationally funded for adolescents in 1996, with inclusion of universal infant immunisation under the National Immunisation Program (NIP) in May 2000. This study describes hepatitis B epidemiology in Australia in the two decades since 2000.
Methods
This article analyses newly-acquired (within the prior 24 months) and unspecified (all other) hepatitis B notifications (2000–2019) from the National Notifiable Diseases Surveillance System; acute hepatitis B hospitalisations (2001–2019) from the National Hospital Morbidity Database; and acute (2000–2019) and chronic (2006–2019) hepatitis B deaths from the Australian Bureau of Statistics and Australian Coordinating Registry. Rates over the reporting period were described overall, and by age group, sex, and Aboriginal and Torres Strait Islander status (Aboriginal and/or Torres Strait Islander versus other [neither Aboriginal nor Torres Strait Islander, unknown or not stated]). Trend analyses were performed using Poisson or negative binomial regression. Additional analyses were performed for the cohort born after May 2000.
Results and discussion
The annual all-age notification rate per 100,000 per year declined (p < 0.001) from 2.13 in 2000 to 0.65 in 2019 for newly-acquired hepatitis B and from 38.3 to 22.3 for unspecified hepatitis B (likely to predominantly represent chronic hepatitis B). Newly-acquired and unspecified hepatitis B notification rates were lowest among children aged < 15 years. The most substantial reductions in notification rates of newly-acquired hepatitis B were among adolescents aged 15–19 years and young adults aged 20–24 and 25–29 years (respectively 17-, 11-, and 7-fold); these age groups also recorded the most substantial reductions in unspecified hepatitis B notifications (respectively 5-, 3.5-, and 2-fold). Newly-acquired hepatitis B notification and acute hepatitis B mortality rates were two- to threefold higher in males than females. The all-age newly-acquired hepatitis B notification rate in Aboriginal and Torres Strait Islander people decreased twofold between 2000 and 2019, but remained threefold higher than in other people. Acute hepatitis B hospitalisations also declined over the study period (p < 0.001) and followed similar patterns. There were no acute or chronic hepatitis B deaths among people born after May 2000; this cohort featured 52 newly-acquired and 887 unspecified hepatitis B notifications. Due to lack of data on country of birth (and hence eligibility for infant vaccination under the NIP or overseas programs), vaccination status and likely transmission routes, we were unable to assess factors contributing to these potentially preventable infections.
Conclusion
Adolescent and infant immunisation under the NIP has led to significant reductions in notification rates of newly-acquired hepatitis B, and in acute hepatitis B hospitalisation rates, both overall and in Aboriginal and Torres Strait Islander people. Unspecified hepatitis B notification rates have also greatly decreased in children and young adults, likely largely due to the impact of overseas infant immunisation programs on prevalence in child and adolescent migrants. Work to improve completeness of variables within national datasets is crucial, along with enhanced surveillance of both newly-acquired and unspecified hepatitis B cases to investigate transmission routes, vaccination status and factors contributing to acquisition of hepatitis B, in order to optimise the impact of immunisation programs and ensure linkage with care.
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Introduction
Hepatitis B is caused by the hepatitis B virus (HBV),1 which is transmitted through exposure to infected bodily fluids, including through transmission from mother to child (predominantly at birth),2 through sexual3 and close household contact,4 and through the unsafe use of needles, either in healthcare settings5,6 or with injecting drug use.7 In young children, acute HBV infection is asymptomatic in more than 90% of cases.8 In people over the age of 5 years, acute hepatitis B is symptomatic in approximately one-third to half of infected individuals and most commonly presents with an initial phase of malaise, loss of appetite and low-grade fever after an average incubation period of 90 days, followed by jaundice and abdominal pain, which usually resolves within one to three months.8,9 However, in a small proportion of reported adult cases (0.5–1%), acute infection can lead to acute liver failure requiring transplantation.9,10
Subsequent to acute infection, chronic hepatitis B—defined as the persistence of hepatitis B surface antigen (HBsAg) in the blood for six months or longer—may develop. The risk of developing chronic hepatitis B is inversely correlated with age: acute infection progresses to chronic hepatitis B in 90% of infected infants, in 30% of infected children 1–4 years of age, and in approximately 5% of infected adults.8,11 Chronic infection can lead, over time, to liver fibrosis, cirrhosis and liver failure, as well as to hepatocellular carcinoma (HCC),12,13 and is a significant public health challenge worldwide.14 More than 90% of all deaths attributable to hepatitis B globally are caused by complications of chronic infection.15 Given the high likelihood of progression to chronic hepatitis B infection among infants, prevention of mother to child transmission through universal infant immunisation, including a birth dose, is highly effective in reducing the burden of chronic hepatitis B and is a hallmark of the global hepatitis B strategy.14
In Australia, immunisation against hepatitis B, the most important preventive measure available, was first recommended for at-risk adults and infants born to HBsAg-positive mothers in 1986 (Box 1).16 The first nationally funded program commenced in 11- and 12-year-old adolescents in 1996. Infant hepatitis B vaccination was included under the National Immunisation Program (NIP) in May 2000 as a birth dose of monovalent paediatric vaccine, followed by three doses of a combination vaccine in the primary course.16
Subsequent to the inclusion of hepatitis B vaccine on the NIP, a reduction in notifications of both acute and chronic hepatitis B has been described.18–21 Despite this, hepatitis B remains the most common blood-borne viral infection in Australia, and the estimated prevalence of chronic hepatitis B was 0.9% in 2020.22 Populations most affected by hepatitis B within Australia are Aboriginal and Torres Strait Islander peoples and those born overseas.18,19,22,23 Albeit with some variation, hepatitis B vaccination is currently state- or territory-funded for susceptible Aboriginal and Torres Strait Islander people in all jurisdictions24–30 except the Australian Capital Territory.31 All refugees and humanitarian entrants are eligible for catch-up vaccination under the NIP,32,33 although other migrants from hepatitis B endemic countries can only access funded vaccination in Queensland, Tasmania and Victoria.26,28,29 Limited data are available on uptake through these state- and territory-funded vaccination programs. Besides vaccination, an important strategy in reducing the burden of hepatitis B in Australia is the screening of priority populations, which aims to increase case ascertainment, improve linkage with care, offer adequate treatment, and provide follow-up of contacts of people living with chronic hepatitis B.34
We aimed to describe the epidemiology of hepatitis B in Australia in the two decades since introduction of universal infant hepatitis B immunisation under the NIP.
Box 1: Summarised history of hepatitis B immunisation programs in Australiaa,b
1982
First hepatitis B vaccine (serum-derived) registered for use in Australia.
1984
First state-funded immunisation program for at-risk individuals commenced in Queensland, with all other states and territories commencing similar programs at a later time (up to 2016).
1986
Hepatitis B vaccination recommended nationally for at-risk adults and babies born to HBsAg-positive mothers.
1987/1988
Recombinant hepatitis B vaccines registered for use in Australia.
1990
First funded universal vaccination program for infants in the Northern Territory.
1996/1997
Hepatitis B vaccination recommended and funded nationally for all 11–12-year-old adolescents, and recommended (but not funded) for all infants.
1998–2007
All states and territories commenced school-based adolescent vaccination programs at various times from 1998 onwards.17 Prior to the commencement of school-based programs, adolescents received funded vaccination through community immunisation providers such as general practitioners.
2000 (May)
Universal infant hepatitis B immunisation program commenced under the NIP with a monovalent birth dose, followed by three doses of combination vaccine in the primary course.
2013
Funded school-based adolescent vaccination program ceased as all adolescents were previously eligible for the universal infant immunisation program.
a	Reference 16.
b	HBsAg: hepatitis B surface antigen; NIP: National Immunisation Program.

Methods
Observational study covering the period 1 January 2000 to 31 December 2019, with data obtained from the following sources.
Notifications
Notifications of hepatitis B were obtained from the National Notifiable Diseases Surveillance System (NNDSS), a dataset held by the Australian Government Department of Health and Aged Care which collates data obtained by state and territory health departments. All notifications of both confirmed newly-acquired and confirmed unspecified hepatitis B, the current case definitions for which are provided in Table 1, were eligible for inclusion. While unspecified hepatitis B notifications likely predominantly reflect chronic hepatitis B infections, due to the definition used, these notifications may include recent infections. All jurisdictions used the same Communicable Diseases Network Australia (CDNA) endorsed case definition from 2004 onwards, with jurisdictional variation prior to that year. Variables obtained from this dataset are provided in Table 2.
Hospitalisations
The Australian Institute of Health and Welfare (AIHW) captures clinical and demographic data of patients admitted to public and private hospitals in Australia in the National Hospital Morbidity Database (NHMD). All hospital admissions with a principal diagnosis of acute hepatitis B, as defined by the International Statistical Classification of Diseases and Related Health Problems, tenth revision, Australian Modification (ICD-10-AM), code B16, were eligible for inclusion. Hospitalisation data were available for the period 1 July 2001 to 30 June 2019 only. Therefore, hospitalisation data for the years 2001 and 2019 were annualised based on data from the last six months of 2001 and the first six months of 2019. Variables obtained from this dataset are provided in Table 2. Given the nature of chronic hepatitis B sequelae, repeat admission among people with chronic hepatitis B infection is common. As we were unable to identify repeat admissions for the same individual, we did not evaluate hospitalisations due to chronic hepatitis B.
Mortality
Mortality data were obtained from data collated by the Australian Bureau of Statistics (ABS) prior to 2006, and by the Australian Coordinating Registry (ACR) from 2006 onwards. All deaths between 1 January 2000 and 31 December 2019 with an underlying cause of death of acute hepatitis B, as defined by the International Statistical Classification of Diseases and Related Health Problems, tenth revision (ICD-10), code B16, were eligible for inclusion. In addition, all deaths between 1 January 2006 and 31 December 2019 with chronic hepatitis B (ICD-10 codes B18.0 and B18.1) as the underlying or an associated cause of death were eligible for inclusion. Deaths due to or associated with chronic hepatitis B were unavailable for the years 2000 to 2005. We defined a death as chronic hepatitis B attributable if the underlying cause of death was chronic hepatitis B, or if the underlying cause of death was hepatocellular carcinoma (ICD-10 code C22.0) or liver disease (ICD-10 codes K74.0, K74.1, K74.2, K74.6, K76.6, K76.7 or K76.9) and chronic hepatitis B was an associated cause of death. Variables obtained from this dataset are provided in Table 2.
Table 1: Case definitions of newly-acquired hepatitis B and unspecified hepatitis B notifiable to the NNDSS,a for the periods 2004 to 30 June 2015,b and from 1 July 2015 onwardsc
	Case
	Definition of confirmed case, 2004 – June 2015b
	Definition of confirmed case, July 2015 onwardsc

	Newly-acquired hepatitis B
	Detection of HBsAg in a patient shown to be negative within the last 24 months
OR
Detection of HBsAg and IgM to hepatitis B core antigen, in the absence of prior evidence of hepatitis B virus infection
OR
Detection of hepatitis B virus by nucleic acid testing, and IgM to hepatitis B core antigen, in the absence of prior evidence of hepatitis B virus infection
	Detection of HBsAg in a patient shown to be negative within the last 24 months
OR
Detection of HBsAg and IgM to hepatitis B core antigen, except where there is prior evidence of infection
OR
Detection of hepatitis B virus by nucleic acid testing, and IgM to hepatitis B core antigen, except where there is prior evidence of hepatitis B infection

	Unspecified hepatitis B
	Detection of hepatitis B surface antigen or hepatitis B virus by nucleic acid testing in a case who does not meet any of the criteria for a newly acquired case.
	Detection of HBsAg, or hepatitis B virus by nucleic acid testing, except where there is prior evidence of hepatitis B infection
AND
The case does not meet any of the criteria for a newly-acquired case


a	NNDSS: National Notifiable Diseases Surveillance System; HBsAg: hepatitis B surface antigen; IgM: immunoglobulin M.
b	Reference 35.
c	References 36,37.
Table 2: Variables obtained for notification, hospitalisation and mortality data
	Notifications
	Hospitalisations
	Mortality

	State or territory providing the notificationa
	State or territory of usual residence
	State or territory of usual residence

	Sex
	Sex
	Sex

	Aboriginal and Torres Strait Islander status
	Aboriginal and Torres Strait Islander status
	Aboriginal and Torres Strait Islander status

	Date of birth
	Age group
	Date of birth

	Date of diagnosis
	Admission date
	Date of death

	Age at onset
	Length of stay
	Age at death

	Death due to disease
	Principal diagnosis for admission
	Place of birthd

	Vaccination statusb
	Additional diagnoses
	Period of residence in Australia

	Country of birthc,d
	Mode of separation
	Underlying causes of death

	Place of acquisitionc,d
	 
	Associated causes of death

	Hospitalised due to diseasec
	
	


a	The Communicable Diseases Network Australia implemented the cross-border notification protocol on 1 January 2009, establishing that notifications are reported by the state or territory of residence.38
b	Depending on availability (due to change in definition during the report period), vaccination status includes either the variables vaccine type, vaccination date and age at time of vaccination, or vaccination status defined as fully vaccinated for age, partially vaccinated for age or not vaccinated.
c	Variable obtained for cases of newly-acquired hepatitis B only.
d	According to the Standard Australian Classification of Countries (SACC) 2011 code.
Population estimates
For the annual total Australian population estimates, state and territory population estimates, sex-specific population estimates, and population estimates in each age group, the mid-year estimated resident population (ERP) was obtained from the ABS. Annual Aboriginal and Torres Strait Islander population estimates used are the back-cast and projected population estimates as calculated from the 2016 Census by the ABS. As a back-cast estimate was unavailable for the year 2000 based on the 2016 Census, we subtracted from the 2001 estimate the average annual percentage change in population over the following five years. Population estimates for the category ‘other people’ were obtained by subtracting the Aboriginal and Torres Strait Islander population estimates from the total Australian population estimates.
Statistical analysis
Notification and hospitalisation rates were calculated per 100,000 population per year and as average values over the entire period, as well as by age group, sex, Aboriginal and Torres Strait Islander status and state or territory. Rates by sex and by Aboriginal and Torres Strait Islander status were age-standardised using direct age-standardisation to the ‘Standard Population for Use in Age-Standardisation Table’.39 Age-standardisation was not performed if the observed number of events was fewer than 20 in any population, as per AIHW recommendation.40 Notification and hospitalisation rates by Aboriginal and Torres Strait Islander status were also age-stratified. Analysis was conducted for the 2000–2019 period, except for unspecified hepatitis B notifications in the Northern Territory where 2005–2019 data only were analysed, as the Northern Territory did not provide notification data prior to 2005. Mortality rates were calculated per million population per year. Overall chronic hepatitis B mortality rates were assessed for deaths with chronic hepatitis B as the underlying cause of death, for chronic hepatitis B attributable deaths (as defined above), and for all deaths with chronic hepatitis B as the underlying or an associated cause of death. Subgroup analyses were undertaken for chronic hepatitis B attributable deaths. Age-standardised and age-stratified incidence rate ratios were calculated for Aboriginal and Torres Strait Islander peoples compared to other people, and age-standardised rate ratios for males to females. Trend analyses were performed for notification and hospitalisation data using Poisson regression models, or negative binomial regression, as appropriate. Analyses of notification and mortality data were performed additionally for the birth cohort born after May 2000 in order to more accurately describe the epidemiology of hepatitis B among individuals eligible for funded infant immunisation under the NIP. This was not possible for hospitalisation data, as date of birth was unavailable in this dataset. Length of hospital admission was summarised using medians. We assessed the proportion of acute hepatitis B hospitalisations and acute hepatitis B deaths with additional diagnosis or associated cause of death of chronic hepatitis B, i.e. ICD-10-AM and ICD-10 codes B18.0 and B18.1.
Aboriginal and Torres Strait Islander status was defined either as ‘Aboriginal and Torres Strait Islander’ (Aboriginal and/or Torres Strait Islander) or as the composite category ‘other’, which included those neither Aboriginal nor Torres Strait Islander and those whose Aboriginal and Torres Strait Islander status was unknown or not stated. At the national level, hospitalisation data were analysed by Aboriginal and Torres Strait Islander status for the period from 2010 to 2019 only, in line with AIHW recommendations based on an acceptable level of completeness of Aboriginal and Torres Strait Islander status data.41 Additional analyses of hospitalisation data by Aboriginal and Torres Strait Islander status were undertaken for the 2001 to 2019 period for the Northern Territory, Queensland, South Australia and Western Australia, and for the 2007 to 2019 period for New South Wales and Victoria, in line with AIHW data completeness recommendations.41 Notification and mortality data were analysed by Aboriginal and Torres Strait Islander status for all states and territories over the entire 2000–2019 period.
Age groups were assigned as follows: < 1; 1–4; 5–9; 10–14; 15–19; 20–24; 25–29; 30–39; 40–49; 50–64; and ≥ 65 years, and combined as appropriate. For notifications where the age at onset recorded in the NNDSS dataset was incorrect based on the number of years between the month and year of birth and diagnosis date, age was calculated using the fifteenth day of the birth month as a proxy. Median age at death was compared between Aboriginal and Torres Strait Islander and other people, and between males and females, using a t-test or Mann-Whitney U test, as appropriate.
Country of birth and place of acquisition data were grouped into the following categories: Australia; New Zealand; other Oceania; North-West Europe; Southern and Eastern Europe; North Africa and the Middle East; South-East Asia; North-East Asia; Southern and Central Asia; the Americas; and Sub-Saharan Africa. Place of acquisition was described for newly-acquired hepatitis B notifications only, and country of birth for newly-acquired hepatitis B notifications (2000–2019) and hepatitis B deaths only (2006–2019).
Data completeness in notification, hospitalisation and mortality data was analysed for selected data fields by calculating the percentage coded as other than unknown, blank or missing.
Statistical analyses were performed using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA) and Stata 14 (Statacorp LLC, College Station, TX, USA).
Ethical approval
The Sydney Children’s Hospital Network Human Research Ethics Committee has provided an exemption from ethical approval for surveillance activities involving de-identified data conducted by the National Centre for Immunisation Research and Surveillance under its funding agreement with the Australian Government Department of Health and Aged Care, such as this review.


Results
Newly-acquired/acute hepatitis B
There were 4,945 notifications of newly-acquired hepatitis B between 2000 and 2019 (average annual rate 1.13 per 100,000 per year; 95% confidence interval [95% CI]: 1.10–1.16, Table 3). The crude annual notification rate declined threefold over the reporting period, from 2.13 per 100,000 per year (95% CI: 1.93–2.35) in 2000 to 0.65 per 100,000 per year (95% CI: 0.55–0.75; p < 0.001) in 2019 (Figure 1).
Between 1 July 2001 and 30 June 2019, there were 2,390 hospitalisations where acute hepatitis B was the principal diagnosis (average annual rate 0.60 per 100,000 per year [95% CI: 0.58–0.62], Table 4). The crude annual hospitalisation rate decreased twofold over the reporting period, from 0.77 per 100,000 per year (95% CI: 0.65–0.90) in 2001 to 0.37 per 100,000 per year (95% CI: 0.30–0.45) in 2019 (p < 0.001; Figure 1). The median length of stay was 4 days (interquartile range [IQR]: 1–7 days). Of the 2,390 acute hepatitis B hospitalisations between 1 July 2001 and 30 June 2019, there were 132 (5.5%) which included chronic hepatitis B (ICD-10-AM code B18.0 or B18.1) as an additional diagnosis associated with the admission.
There were 253 deaths reported between 2000 and 2019 where acute hepatitis B was the underlying cause of death (average annual rate 0.58 per million population per year [95% CI: 0.51–0.65]). The highest rate was observed in 2014 (30 deaths) at 1.28 per million population per year (95% CI: 0.86–1.82), whereas there were no deaths reported with acute hepatitis B as the underlying cause of death in 2010 (Figure 1). Deaths reported from 2006 onwards have both underlying and associated causes of death available. Of the 190 deaths during 2006–2019 with acute hepatitis B as the underlying cause of death, six (3.2%) also included chronic hepatitis B (ICD-10 code B18.0 or B18.1) as an associated cause of death.
Table 3: Newly-acquired hepatitis B total notification count and average crude rate per 100,000 population per year over 2000–2019, and notification count and annual rate per 100,000 population per year in 2019, in Australia and by state or territorya,b
	Jurisdictionb
	Total count
	Average annual notification rate
	Count in 2019
	Annual notification rate in 2019

	
	
	Rate per 100,000
	95% CIc
	
	Rate per 100,000
	95% CIc

	ACT
	58
	0.80
	0.61–1.03
	0
	0
	N/A

	NSW
	887
	0.62
	0.58–0.66
	17
	0.21
	0.12–0.34

	NT
	123
	2.74
	2.27–3.27
	3
	1.22
	0.25–3.56

	Qld
	1,044
	1.21
	1.14–1.28
	56
	1.10
	0.83–1.43

	SA
	228
	0.71
	0.62–0.80
	5
	0.29
	0.09–0.67

	Tas.
	191
	1.90
	1.64–2.19
	6
	1.12
	0.41–2.44

	Vic.
	1,723
	1.57
	1.50–1.64
	54
	0.82
	0.62–1.07

	WA
	691
	1.53
	1.42–1.65
	23
	0.88
	0.56–1.32

	Australia
	4,945
	1.13
	1.10–1.16
	164
	0.65
	0.55–0.75


a	Data source: National Notifiable Diseases Surveillance System.
b	ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.
c	CI: confidence interval; N/A: not applicable.
Figure 1: Annual rate of newly-acquired hepatitis B notifications (2000–2019), acute hepatitis B hospitalisations (2001–2019),a and deaths with acute hepatitis B as the underlying cause (2000–2019), Australiab
[image: Figure 1 is a line graph showing the newly-acquired hepatitis B notification rate, acute hepatitis B hospitalisation rate, and acute hepatitis B mortality rate over the study period. The notification rate between 2000 and 2019 and hospitalisation rate between 2001 and 2019 are provided per 100,000 population on the primary y-axis, and the mortality rate between 2000 and 2019 is provided per million population on the secondary y-axis. The x-axis is the year of the notification, hospitalisation or death. The figure shows a declining trend in the notification rate and the hospitalisation rate, while the mortality rate is variable showing peaks in 2006 and 2014 with a trough in 2010.]
a	Hospitalisation data for the years 2001 and 2019 are annualised based on data from 1 July – 31 December 2001 and 1 January – 30 June 2019, respectively.
b	Data sources: National Notifiable Diseases Surveillance System for notification data, Australian Institute of Health and Welfare National Hospital Morbidity Database for hospitalisation data, and Australian Bureau of Statistics (2000–2005) and Australian Coordinating Registry (2006–2019) for death data.

Table 4: Acute hepatitis B hospitalisation count and average annual rate per 100,000 population per year over 2001–2019, and hospitalisation count and annual rate per 100,000 per year in 2019, in Australia and by state or territorya,b,c
	Jurisdictionb
	Total count
	Average annual hospitalisation ratec
	Count in 2019
	Annual hospitalisation rate in 2019c

	
	
	Rate per 100,000
	95% CId
	
	Rate per 100,000
	95% CId

	ACT
	25
	0.36
	0.23–0.53
	0
	0
	N/A

	NSW
	661
	0.48
	0.45–0.52
	34
	0.42
	0.29–0.59

	NT
	74
	1.72
	1.35–2.10
	6
	2.44
	0.90–5.31

	Qld
	351
	0.42
	0.38–0.47
	16
	0.31
	0.18–0.51

	SA
	131
	0.43
	0.36–0.50
	0
	0
	N/A

	Tas.
	51
	0.53
	0.40–0.70
	1–4e
	0.37
	0.05–1.35

	Vic.
	862
	0.82
	0.77–0.88
	26
	0.39
	0.26–0.58

	WA
	304
	0.70
	0.63–0.79
	NPe
	0.23
	0.08–0.50

	Australia
	2,509
	0.60
	0.58–0.62
	90
	0.36
	0.29–0.44


a	Data source: Australian Institute for Health and Welfare National Hospital Morbidity Database.
b	ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.
c	Hospitalisation data for the years 2001 and 2019 are annualised based on data from 1 July – 31 December 2001 and 1 January – 30 June 2019, respectively.
d	CI: confidence interval; N/A: not applicable.
e	In line with Australian Institute for Health and Welfare requirements, counts smaller than 5 are suppressed. Counts between 1 and 4 are provided as a range, and other cell counts may be reported as NP (not published) to avoid potential back calculation.
Figure 2: Annual rate of newly-acquired hepatitis B notifications (2000–2019), by age group among people aged: (A) < 15 years; (B) 15–29 years; and (C) ≥ 30 yearsa
[image: Figure 2 is divided into 2A, 2B and 2C. Figure 2A is a line graph that shows the newly-acquired hepatitis B notification rate per 100,000 population over the years 2000 to 2019 for the age groups <1 year, 1–4, 5–9, and 10–14 years. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. Figure 2A demonstrates a low notification rate in the age groups <1 year, 1–4, 5–9 and 10–14 years over the entire study period. Figure 2B is a line graph demonstrating the newly-acquired hepatitis B notification rate per 100,000 population per year between 2000 and 2019 for the age groups 15–19, 20–24 and 25–29 years. The x-axis is the year of notification and the y-axis the annual notification rate per 100,000 population. Figure 2B shows a substantially declining notification rate in the age groups 15–19, 20–24 and 25–29 years. The notification rate was lowest in the 15–19 year age group over the entire period. Figure 2C is a line graph that also demonstrates the newly-acquired hepatitis B notification rate per 100,000 population over the years 2000 to 2019, but for the age groups 30–39, 40–49, 50–64 years and 65 years and older. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. Figure 2C demonstrates a declining trend in the notification rate for the age group 30–39 years, and relatively stable rates in the older age groups.]
a	Data source: National Notifiable Diseases Surveillance System.
Age distribution
The average annual rate of newly-acquired hepatitis B notifications between 2000 and 2019 was lowest in young children under the age of 10 years, with 20 notifications in the < 1 year age group during this time period, 20 in the 1–4 year age group and 17 in the 5–9 year age group, equating to notification rates of 0.35, 0.09 and 0.06 per 100,000 population per year, respectively. Notification rates remained stable at low levels between 2000 and 2019 among children aged < 5 years, whilst rates declined in the 5–9 year and 10–14 year age groups (p = 0.008 and <0.001, respectively; Figure 2A). From 2000 to 2005, a steep decline in the notification rate among adolescents aged 15–19 years was observed, followed by a more gradual decline (overall 17-fold decline from 2000 to 2019, p < 0.001; Figure 2B). While the average annual notification rate was highest among young adults aged 25–29 years (2.58 per 100,000 population per year [95% CI: 2.41–2.76]) and 20–24 years (2.32 per 100,000 population per year [95% CI: 2.15–2.50]), a 7-fold (p < 0.001) and 11-fold (p < 0.001) respective decline in notification rate was observed from 2000 to 2019 in these age groups (Figure 2B). Notification rates declined twofold over the 2000 to 2019 period among adults aged 30–39 years (p < 0.001), while rates remained largely stable among adults aged ≥ 40 years (Figure 2C). In all age groups where notification rates declined over the study period, rates appear to have largely plateaued from around 2015 onwards. In the last reporting year, 2019, the highest notification rate of newly-acquired hepatitis B was jointly observed among adults aged 30–39 years at 1.25 per 100,000 population per year (95% CI: 0.92–1.67), and those aged 40–49 years at 1.25 per 100,000 population per year (95% CI: 0.90–1.70).
In children aged < 5 years, there were 1–4 acute hepatitis B hospitalisations in total over 2001–2019. Among the other age groups, the average annual hospitalisation rate was highest in adults aged 30–39 years at 1.06 per 100,000 population per year (95% CI: 0.98–1.15), and lowest in children aged 5–9 years at 0.04 per 100,000 population per year (95% CI: 0.02–0.08). There was a significant decline in the acute hepatitis B hospitalisation rate over this time period among the age groups 10–19 years (7-fold; p < 0.001), 20–29 years (7-fold; p < 0.001), 30–39 years (1.5-fold; p < 0.001) and 50–64 years (3-fold; p<0.001), but not in the age groups 0–9 years (p = 0.60), 40–49 years (p = 0.05), and ≥ 65 years (p = 0.05; Figure 3).
There were no deaths with acute hepatitis B as underlying cause of death among people younger than 10 years of age between 2000 and 2019. In the age groups 10–19 and 20–29 years, there were 1–5 deaths over the reporting period. The number of deaths with acute hepatitis B as the underlying cause increased with increasing age (15, 44, 94 and 95 deaths among adults aged 30–39, 40–49, 50–64 and ≥ 65 years, respectively). The corresponding mortality rates per million population per year were 0.24 (95% CI: 0.13–0.39); 0.72 (95% CI: 0.52–0.96); 1.22 (95% CI: 0.99–1.50) and 1.56 (95% CI: 1.26–1.90).

Figure 3: Annual rate of acute hepatitis B hospitalisations (2001–2019), by age groupa,b
[image: Figure 3 is a line graph that shows the acute hepatitis B hospitalisation rate per 100,000 population over the years 2001 to 2019 for the age groups 0–9, 10–19, 20–29, 30–39, 40–49, 50–64 years and 65 years or older. The x-axis is the year of hospitalisation, and the y-axis the annual hospitalisation rate per 100,000 population. The figure demonstrates low rates over the entire period for the 0–9 year age group, and a declining trend for the 20–29 year age group. ]
a	Data source: Australian Institute of Health and Welfare National Hospital Morbidity Database.
b	Hospitalisation data for the years 2001 and 2019 are annualised based on data from 1 July – 31 December 2001 and 1 January – 30 June 2019, respectively.
Sex distribution
The average annual age-standardised notification rate of newly-acquired hepatitis B among males was 1.50 per 100,000 population per year (95% CI: 1.45–1.56) with a threefold decline in incidence over time (p < 0.001; Figure 4). The average annual age-standardised notification rate among females was 0.78 per 100,000 population per year (95% CI: 0.74–0.82), and this also declined (3.5-fold) over the 2000–2019 period (p < 0.001; Figure 4). For all cases across the period, the age-standardised male to female rate ratio was 1.94 on average (95% CI: 1.82–2.06), with the annual rate ratio ranging from 1.38 (95% CI: 1.08–1.76) in 2004 to 3.43 (95% CI: 2.39–5.02) in 2014.
The average annual age-standardised hospitalisation rate among males was 0.80 per 100,000 population per year (95% CI: 0.76–0.84), with a twofold decline over time (p < 0.001; Figure 4). The average annual hospitalisation rate among females was 0.41 per 100,000 population per year (95% CI: 0.39–0.44), which also declined (3.5-fold) between 2001 and 2019 (p < 0.001; Figure 4). The age-standardised male to female rate ratio was 1.93 (95% CI: 1.77–2.10) on average across the period.
For deaths during 2000–2019, where the underlying cause of death was acute hepatitis B, the average age-standardised mortality rate was 0.81 per million population per year (95% CI: 0.70–0.94) among males and 0.28 per million population per year (95% CI: 0.22–0.35) among females. This equates to a rate ratio of 2.89 (95% CI: 2.18–3.88). Age at time of death (between 2006 and 2019) was not significantly different between males (60.8 years) and females (64.1 years) (p = 0.15).
Figure 4: Annual rate of newly-acquired hepatitis B notifications (2000–2019) and acute hepatitis B hospitalisations (2001–2019), by sexa,b,c
[image: Figure 4 is a line graph and shows the newly-acquired hepatitis B notification rate per 100,000 population between 2000 and 2019 and the acute hepatitis B hospitalisation rate per 100,000 population between 2001 and 2019, by sex. The x-axis is the year of notification or hospitalisation, and the y-axis the annual notification and hospitalisation rate per 100,000 population. Both the notification rate and hospitalisation rate remain higher among males than females for the entire study period. Notification and hospitalisation rates show a declining trend for both sexes. ]
a	Data sources: National Notifiable Diseases Surveillance System for notification data; Australian Institute of Health and Welfare National Hospital Morbidity Database for hospitalisation data.
b	In line with AIHW recommendations, rates were not age-standardised as <20 events occurred in some of the analysed populations.
c	Hospitalisation data for the years 2001 and 2019 are annualised based on data from 1 July – 31 December 2001 and 1 January – 30 June 2019, respectively.
Aboriginal and Torres Strait Islander people
Of 4,945 notifications of newly-acquired hepatitis B over 2000 to 2019, Aboriginal and Torres Strait Islander status was unknown for 708 (14.3%). Completeness was lowest in 2000 at 76.3% and highest in 2016 at 95.9%. Over the entire 2000–2019 period, completeness ranged between 63.4% (Tasmania) and 100% (South Australia). Among Aboriginal and Torres Strait Islander people, the age-standardised average annual notification rate of newly-acquired hepatitis B between 2000 and 2019 was 3.09 per 100,000 population per year (95% CI: 2.77–3.44). For other people, this rate was 1.08 per 100,000 population per year (95% CI: 1.05–1.11). The average age-standardised rate ratio was 2.87 (95% CI: 2.56–3.21). The crude annual notification rate declined over this period in both groups (twofold among Aboriginal and Torres Strait Islander people, and 3.5-fold among other people; p < 0.001; Figure 5A). The crude average annual notification rate among Aboriginal and Torres Strait Islander people was higher than among other people in every state and territory, except in the Australian Capital Territory and Tasmania, where low numbers of notifications affected the precision of the estimated rate ratio, and where data completeness for Aboriginal and Torres Strait Islander status over the 2000–2019 period was lowest at 69.0% and 63.4%, respectively.
Figure 5: Annual rates of (A) newly-acquired hepatitis B notifications (2000–2019)a,b and (B) acute hepatitis B hospitalisations (2010–2019),a,b,c by Aboriginal and Torres Strait Islander status
[image: Figure 5 is divided into 5A and 5B. Figure 5A is a line graph that shows the newly-acquired hepatitis B notification rate per 100,000 population between 2000 and 2019 by Aboriginal and Torres Strait Islander status. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. The figure shows a declining trend in notification rate for both Aboriginal and Torres Strait Islander people and other people, although the notification rate remains higher among Aboriginal and Torres Strait Islander people over the entire study period. Figure 5B is a line graph that demonstrates the acute hepatitis B hospitalisation rate per 100,000 population over 2010 to 2019 by Aboriginal and Torres Strait Islander status. The x-axis is the year of hospitalisation, and the y-axis the annual hospitalisation rate per 100,000 population. The hospitalisation rate among other people shows a declining trend, whereas the hospitalisation rate among Aboriginal and Torres Strait Islander people is variable without clear trend, and higher than among other people in every year except 2014. ]
a	Data sources: National Notifiable Diseases Surveillance System for notification data, and Australian Institute of Health and Welfare National Hospital Morbidity Database for hospitalisation data.
b	In line with AIHW recommendations, rates were not age-standardised as < 20 events occurred in some of the analysed populations.
c	Hospitalisation data for the year 2019 are annualised based on data from 1 January – 30 June 2019.
Among Aboriginal and Torres Strait Islander people, the average annual notification rate for newly-acquired hepatitis B between 2000 and 2019 was lowest in children aged 0–4 and 5–9 years at 0.28 (95% CI: 0.09–0.65) and 0.06 (95% CI: 0.001–0.33) notifications per 100,000 population per year respectively (Table 5). The average annual notification rate was highest in people 25–29 years of age at 6.10 per 100,000 population per year (95% CI: 4.70–7.79), followed by those aged 20–24 years at 5.66 per 100,000 population per year (95% CI: 4.40–7.18), and those aged 30–39 years at 5.13 per 100,000 population per year (95% CI: 4.14–6.27). The average annual age-specific notification rate significantly declined among Aboriginal and Torres Strait Islander people aged 10–14 years (p < 0.001), 15–19 years (p < 0.001), 20–24 years (p < 0.001) and 25–29 years (p < 0.001), but not among those 0–9 years or 30 years and older (data not shown). The average annual notification rate was significantly higher among Aboriginal and Torres Strait Islander people compared to other people in all age groups, except in those aged 0–4 and 5–9 years (Table 5). Rate ratios were between 2.5 and 5 in the age groups covering 15 to 64 years, with higher but less precise estimates in the 10–14 years and ≥ 65-year age groups.
The age-standardised acute hepatitis B hospitalisation rate was higher in Aboriginal and Torres Strait Islander people (average annual rate 1.20 per 100,000 population per year; 95% CI: 0.93–1.51) than in other people (0.44 per 100,000 population per year; 95% CI: 0.41–0.47). The average hospitalisation rate ratio for Aboriginal and Torres Strait Islander compared to other people was 2.72 (95% CI: 2.10–3.47) overall. Acute hepatitis B hospitalisations declined significantly over 2010–2019 for other people (crude rate declined 3.5-fold; p < 0.001), but not for Aboriginal and Torres Strait Islander people (p = 0.51; Figure 5B). Median length of stay was also higher in Aboriginal and Torres Strait Islander (5 days [IQR 3–7.5 days]) than in other people (4 days [IQR 2–6 days]; p < 0.001). The crude average annual hospitalisation rate among Aboriginal and Torres Strait Islander people was significantly higher than the rate among other people in all states and territories, except in the Australian Capital Territory, Victoria and Tasmania, with Tasmania not reporting any hospitalisations among Aboriginal and Torres Strait Islander people over the period 2010 to 2019 (data not shown).
The average annual acute hepatitis B hospitalisation rate among Aboriginal and Torres Strait Islander people between 2010 and 2019 was highest in those aged 20–29 years (1.54 per 100,000 population per year [95% CI: 0.94–2.38]), 30–39 years (2.03 per 100,000 population per year [95% CI: 1.22–3.18]) and 40–49 years (2.09 per 100,000 population per year [95% CI: 1.24–3.30]; Table 6). There were no acute hepatitis B hospitalisations over the 10-year period for Aboriginal and Torres Strait Islander children aged 0–4 years. The average annual hospitalisation rate in other age groups was less than 1 per 100,000 population per year. Acute hepatitis B hospitalisation rates among Aboriginal and Torres Strait Islander people did not decline significantly over the 2010 to 2019 period in any age group (p ≥ 0.05; data not shown). Hospitalisations rates were significantly higher among Aboriginal and Torres Strait Islander people than other people in the age groups 5–9 years (rate ratio [RR]: 108.51 [95% CI: 13.94–4890.54]), 10–19 years (RR: 6.41 [95% CI: 2.76–13.74]), 20–29 years (RR: 2.93 [95% CI: 1.75–4.67]), 30–39 years (RR: 2.43 [95% CI: 1.44–3.87]), and 40–49 years (RR: 2.66 [95% CI: 1.55–4.29]).
All deaths between 2004 and 2019 had a known Aboriginal and Torres Strait Islander status. Prior to 2004, Aboriginal and Torres Strait Islander status was recorded using a combined category for non-Indigenous and unknown status, preventing ascertainment of data completeness. Across the 2000–2019 period, there were 29 deaths where acute hepatitis B was the underlying cause of death among Aboriginal and Torres Strait Islander people (age-standardised average annual rate 3.64 per million population per year; 95% CI: 2.29–5.44), and 224 among other people (0.48 per million population per year; 95% CI: 0.42–0.55). The average rate ratio for death with acute hepatitis B as the underlying cause of death, comparing Aboriginal and Torres Strait Islander to other people, was 7.54 (95% CI: 4.67–11.44). Between 2006 and 2019, the median age of death with acute hepatitis B as the underlying cause of death in Aboriginal and Torres Strait Islander people was younger (51 years) than in other people (63 years; p = 0.002).
Table 5: Newly-acquired hepatitis B notifications, 2000–2019, by age group and Aboriginal and Torres Strait Islander status, Australiaa
	Age group (years)
	Aboriginal and Torres Strait Islander status
	Newly-acquired hepatitis B notifications 2000–2019

	
	
	Number
	Rate per 100,000
	95% CI for rateb
	RRc
	95% CI for rateb,c

	0–4
	Aboriginal and Torres Strait Islander
	5
	0.28
	0.09–0.65
	2.11
	0.65–5.41

	
	Other
	35
	0.13
	0.09–0.18
	
	

	5–9
	Aboriginal and Torres Strait Islander
	1
	0.06
	0.001–0.33
	0.98
	0.02–6.30

	
	Other
	16
	0.06
	0.03–0.10
	
	

	10–14
	Aboriginal and Torres Strait Islander
	13
	0.83
	0.44–1.42
	7.09
	3.41–13.95

	
	Other
	31
	0.12
	0.08–0.17
	
	

	15–19
	Aboriginal and Torres Strait Islander
	70
	5.03
	3.92–6.36
	4.94
	3.74–6.44

	
	Other
	277
	1.02
	0.90–1.15
	
	

	20–24
	Aboriginal and Torres Strait Islander
	68
	5.66
	4.40–7.18
	2.59
	1.99–3.33

	
	Other
	647
	2.19
	2.02–2.36
	
	

	25–29
	Aboriginal and Torres Strait Islander
	64
	6.10
	4.70–7.79
	2.48
	1.89–3.20

	
	Other
	758
	2.46
	2.29–2.64
	
	

	30–39
	Aboriginal and Torres Strait Islander
	94
	5.13
	4.14–6.27
	2.52
	2.02–3.10

	
	Other
	1,249
	2.04
	1.93–2.15
	
	

	40–49
	Aboriginal and Torres Strait Islander
	53
	3.41
	2.56–4.46
	2.70
	2.00–3.57

	
	Other
	758
	1.27
	1.18–1.36
	
	

	50–64
	Aboriginal and Torres Strait Islander
	26
	1.92
	1.25–2.81
	2.46
	1.60–3.65

	
	Other
	588
	0.80
	0.72–0.84
	
	

	≥ 65
	Aboriginal and Torres Strait Islander
	10
	2.07
	0.99–3.80
	6.88
	3.25–12.95

	
	Other
	182
	0.30
	0.26–0.35
	
	


a	Data source: National Notifiable Diseases Surveillance System.
b	CI: confidence interval.
c	RR: rate ratio.
Table 6: Acute hepatitis B hospitalisations, 2010–2019, by age group and Aboriginal and Torres Strait Islander status, Australiaa
	Age group (years)
	Aboriginal and Torres Strait Islander status
	Acute hepatitis B hospitalisations 2010–2019

	
	
	Numberb
	Rate per 100,000
	95% CI for ratec
	RRd
	95% CI for ratec,d

	0–4
	Aboriginal and Torres Strait Islander
	0
	0
	—
	—
	—

	
	Other
	1–4
	0.01
	0.0002–0.04
	
	

	5–9
	Aboriginal and Torres Strait Islander
	NP
	0.77
	0.31–1.58
	108.51
	13.94–4890.54

	
	Other
	1–4
	0.01
	0.0002–0.04
	
	

	10–19
	Aboriginal and Torres Strait Islander
	10
	0.61
	0.29–1.12
	6.41
	2.76–13.74

	
	Other
	26
	0.09
	0.06–0.14
	
	

	20–29
	Aboriginal and Torres Strait Islander
	20
	1.54
	0.94–2.38
	2.93
	1.75–4.67

	
	Other
	174
	0.53
	0.45–0.61
	
	

	30–39
	Aboriginal and Torres Strait Islander
	19
	2.03
	1.22–3.18
	2.43
	1.44–3.87

	
	Other
	271
	0.84
	0.74–0.94
	
	

	40–49
	Aboriginal and Torres Strait Islander
	18
	2.09
	1.24–3.30
	2.66
	1.55–4.29

	
	Other
	245
	0.79
	0.69–0.89
	
	

	50–64
	Aboriginal and Torres Strait Islander
	5
	0.59
	0.19–1.37
	1.21
	0.39–2.88

	
	Other
	202
	0.49
	0.42–0.56
	
	

	≥ 65
	Aboriginal and Torres Strait Islander
	1–4
	0.96
	0.20–2.81
	3.93
	0.79–11.88

	
	Other
	85
	0.24
	0.20–0.30
	
	


a	Data source: Australian Institute for Health and Welfare National Hospital Morbidity Database. Hospitalisation data for the year 2019 are annualised based on data from 1 January – 30 June 2019.
b	In line with Australian Institute for Health and Welfare requirements, counts smaller than 5 are suppressed. Counts between 1 and 4 are provided as a range, and other cell counts may be reported as ‘not published’ (NP) to avoid potential back calculation
c	CI: confidence interval.
d	RR: rate ratio.


State and territory variations
Across the reporting period, the highest average annual notification rate was in the Northern Territory at 2.74 per 100,000 population per year (95% CI: 2.27–3.27), and the lowest average annual notification rate was in New South Wales at 0.62 per 100,000 population per year (95% CI: 0.58–0.66) (Table 3). Over the reporting period, the notification rate significantly declined in all states and territories (p < 0.001), except in the Australian Capital Territory (p = 0.06) (Figure 6).
The Northern Territory had the highest reporting rate of acute hepatitis B hospitalisations over the entire period (1.72 per 100,000 population per year; 95% CI: 1.35–2.10), as well as in 2019 (2.44 per 100,000 population per year; 95% CI: 0.90–5.31) (Table 4). The lowest average annual hospitalisation rate was observed in the Australian Capital Territory (0.36 per 100,000 population per year; 95% CI: 0.23–0.53). Between 2001 and 2019, the hospitalisation rate significantly declined in New South Wales (p < 0.001), South Australia (p = 0.047), Tasmania (p = 0.01), Victoria (p < 0.001) and Western Australia (p < 0.001), but not in the Australian Capital Territory (p = 0.96), the Northern Territory (p = 0.75) and Queensland (p = 0.11) (Figure 6).
The average annual death rate with acute hepatitis B as the underlying cause was highest in the Northern Territory at 3.11 per million population per year (95% CI: 1.70–5.23), and lowest in Tasmania at 0.20 per million population per year (95% CI: 0.02–0.72). Due to the low number of deaths per state or territory, rates were variable over the reporting period (data not shown).

Figure 6: Annual rate of newly-acquired hepatitis B notifications (2000–2019) and acute hepatitis B hospitalisations (2001–2019) in Australia, by state and territorya,b,c
[image: Figure 6 is made up of eight line graphs, one for each state or territory. The graphs are ordered alphabetically by state or territory name. Each graph demonstrates the newly-acquired hepatitis B notification rate per 100,000 population over 2000 to 2019, and the acute hepatitis B hospitalisation rate per 100,000 population over the 2001 to 2019 period. In each graph, the x-axis is the year of notification or hospitalisation, and the y-axis the annual notification and hospitalisation rate per 100,000 population. The scale of the y-axis is different for each graph. A declining trend in notification rate is shown in every state and the Northern Territory, with rates variable in the ACT. A declining trend in hospitalisation rate is shown in NSW, SA, Tasmania, Victoria and WA.]
a	Data sources: National Notifiable Diseases Surveillance System for notification data, and Australian Institute of Health and Welfare National Hospital Morbidity Database for hospitalisation data.
b	Note that the scale on the y-axis varies per state or territory.
c	Hospitalisation data for the years 2001 and 2019 are annualised based on data from 1 July – 31 December 2001 and 1 January – 30 June 2019, respectively.
Place of acquisition
Place of acquisition was reported in 2,662 of 4,945 notifications of newly-acquired hepatitis B (53.8%), with the majority of these recorded as acquired in Australia (n = 2,481; 93.2%). The second most common place of acquisition was South-East Asia (89 notifications; 2.7%), with the remaining regions contributing fewer than 1% of notifications each.
Country of birth
Among the 4,945 notifications of newly acquired hepatitis B during 2000–2019, Australia was the most common country of birth recorded (n = 1874; 37.9%) (Table 7). Other regions of birth included South-East Asia (n = 118; 2.4%), North-West Europe (n = 96; 1.9%) and Southern and Eastern Europe (n = 82; 1.7%). A further 158 notifications (3.2%) had country of birth reported as ‘overseas, country unknown’. Country of birth was not recorded for 2,291 (46.3%) notifications. There was no apparent trend in the proportion of notifications where Australia was the country of birth, nor where the country of birth was unknown (formal statistical test not performed).
Country or region of birth was reported for all 190 deaths with acute hepatitis B as the underlying cause between 2006 and 2019. Of these deaths, 71 were among people born in Australia (37.4%; Table 7). Other common areas of birth were South-East Asia (n = 35; 18.4%), Southern and Eastern Europe (n = 25; 13.2%) and North-East Asia (n = 21; 11.1%).
Vaccination status
Vaccination status was available for only 42 of 4,945 (0.8%) notifications of newly-acquired hepatitis B.
Birth cohort analysis
Of the 4,945 newly-acquired hepatitis B notifications, 52 (1.1%) occurred in a person born in May 2000 or later. Sixteen of these notifications were in individuals born in Australia, who would have been eligible for infant vaccination under the NIP, with ten notifications in people born overseas, and 26 in people where country of birth was not recorded. Twelve notifications were recorded as acquired overseas, 20 as acquired in Australia, and place of acquisition was unknown for the remaining 20. Of the 16 notifications among people identified to be eligible for infant vaccination under the NIP, two were recorded as Aboriginal and Torres Strait Islander. Ten notifications were in children younger than one year of age, with three each in the age groups 1–4 and 10–19 years. Vaccination information was available for four of the 16 notifications.
There were no deaths from acute hepatitis B infection reported among people born after May 2000.
Table 7: Notification count and percentage of newly-acquired hepatitis notifications (2000–2019), and acute and chronic hepatitis B death count and percentage of total deaths (2006–2019), by country of birth or Standard Australian Classification of Countries (SACC) major group at birth, Australiaa
	Country of birth or major SACC group at birth
	Newly-acquired hepatitis B notifications (2010–2019)
	Acute hepatitis B deathsb (2006–2019)
	Chronic hepatitis B deathsc (2006–2019)

	
	Count
	%
	Countd
	%d,e
	Countd
	%d,e

	Australia
	1,874
	37.9
	71
	37.4
	67
	22.3

	New Zealand
	48
	1.0
	1–5
	NP
	12
	4.0

	Other Oceania
	31
	0.6
	16
	8.4
	23
	7.7

	North-West Europe
	96
	1.9
	7
	3.7
	7
	2.3

	Southern and Eastern Europe
	82
	1.7
	25
	13.2
	45
	15.0

	North Africa and the Middle East
	54
	1.1
	1–5
	NP
	21
	7.0

	South-East Asia
	118
	2.4
	35
	18.4
	68
	22.7

	North-East Asia
	79
	1.6
	21
	11.1
	44
	14.7

	Southern and Central Asia
	56
	1.1
	1–5
	NP
	6
	2.0

	Americas
	25
	0.5
	1–5
	NP
	1–5
	NP

	Sub-Saharan Africa
	33
	0.7
	1–5
	NP
	1–5
	NP

	Overseas, unknown country
	158
	3.2
	0
	0.0
	0
	0.0

	Unknown
	2,291
	46.3
	0
	0.0
	0
	0.0


a	Data sources: National Notifiable Diseases Surveillance System for notification data, and Australian Coordinating Registry for death data.
b	Deaths with acute hepatitis B as the underlying cause of death.
c	Deaths with chronic hepatitis B as the underlying cause of death, and deaths with chronic hepatitis B as an associated cause of death and hepatocellular carcinoma or liver disease as the underlying cause of death.
d	In line with Australian Coordinating Registry requirements, counts smaller than 6 are suppressed. Counts between 1 and 5 are provided as a range, and other cell counts may be reported as NP to avoid potential back calculation.
e	NP: not provided.

Unspecified/chronic hepatitis B
There were 126,223 notifications of unspecified hepatitis B between 2000 and 2019, equating to an average annual rate of 28.8 per 100,000 population per year (95% CI: 28.6–28.9). Notification rates of unspecified hepatitis B declined in the overall population, from 38.3 per 100,000 population per year in 2000 (95% CI: 37.5–39.2) to 22.3 per 100,000 population per year (95% CI: 21.8–22.9) in 2019 (a 1.7-fold reduction; p < 0.001; Figure 7).
Between 2006 and 2019, there were 128 deaths with chronic hepatitis B recorded as the underlying cause of death, and 392 with chronic hepatitis B recorded as an associated cause, 172 of which had hepatocellular carcinoma recorded as the underlying cause but none with liver disease, making 300 (128+172) chronic hepatitis B attributable deaths. The average annual mortality rate was 0.40 per million population per year (95% CI: 0.33–0.47) for chronic hepatitis B as underlying cause of death, 0.93 per million population per year (95% CI: 0.83–1.05) for chronic hepatitis B attributable deaths, and 1.62 per million population per year (95% CI: 1.48–1.77) for all deaths with chronic hepatitis B as underlying or associated cause. Mortality rates increased between 2006 to 2019 for all three categories (p = 0.02 for deaths with chronic hepatitis B as the underlying cause of death, p < 0.001 for chronic hepatitis B attributable deaths and all deaths; Figure 8).
Figure 7: Annual rate of unspecified hepatitis B notifications between 2000 and 2019 in Australia overall, and by sexa,b
[image: Figure 7 is a line graph showing the unspecified hepatitis B notification rate per 100,000 population between 2000 and 2019 in Australia overall, and by sex. The sex-specific notification rates in this line graph are age-standardised. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. The figure demonstrates a declining trend in the notification rate overall, for both males and females. Over the entire study period, the notification rate is higher among males than females. ]
a	Data source: National Notifiable Diseases Surveillance System.
b	Sex-specific notification rates are age-standardised.
Figure 8: Annual rate of deaths with chronic hepatitis B as the underlying cause of death, annual rate of chronic hepatitis B attributable deaths, and annual rate of deaths with chronic hepatitis B as the underlying or an associated cause of death between 2006 and 2019, Australiaa,b
[image: Figure 8 is a line graph showing the mortality rate per million population between 2006 and 2019 for deaths with chronic hepatitis B as the underlying cause of death, for deaths with chronic hepatitis B as underlying cause of death or hepatocellular carcinoma as the underlying cause of death and chronic hepatitis B as an associated cause of death, and for deaths with chronic hepatitis B as the underlying or an associated cause of death regardless of the underlying cause of death. The x-axis is the year or death and the y-axis the annual mortality rate per million population. The figure demonstrates an increasing trend in mortality rate for all three categories with a particular increase in 2013 as compared to the 2006 to 2012 period. ]
a	Data source: Australian Coordinating Registry.
b	HCC: hepatocellular carcinoma.
Age distribution
The average notification rate was highest among adults aged 25–29 years (60.0 per 100,000 population per year; 95% CI: 59.2–60.9), followed by those aged 30–39 years (57.2 per 100,000 population per year; 95% CI: 56.7–57.8) and those aged 20–24 years (40.9 per 100,000 population per year; 95% CI: 40.2–41.6). While the notification rate declined among 30–39-year-old adults (1.5-fold; p = 0.008; Figure 9C), the rate was higher than among other age groups in the latter half of the reporting period. In contrast, the notification rate among 20–24 and 25–29-year-old adults declined markedly over the latter half of the reporting period (a 3.5-fold and twofold decrease, respectively, over the entire period; p < 0.001 for both; Figure 9B). Notification rates declined most among adolescents 10–14 and 15–19 years of age (fivefold in both groups; p < 0.001; Figures 9A and B), and to a lesser extent in younger children (twofold in children < 1 year of age, 2.5-fold in children 1–4 years of age, and fourfold in children 5–9 years of age; p values ≤ 0.001) and in adults 40–49 years of age (1.5-fold; p < 0.001). Rates did not decline in adults aged 50–64 years (p = 0.99) and those aged ≥ 65 years (p = 0.19).

There were no chronic hepatitis B attributable deaths among people < 30 years of age between 2006 and 2019. In other age groups, the highest average annual rate of chronic hepatitis B attributable deaths was in adults aged ≥ 65 years (143 deaths, 3.10 deaths per million population per year [95% CI: 2.61–3.65]), followed by 50–64 years (109 deaths, 1.90 per million population per year [95% CI: 1.56–2.29]), 40–49 years (35 deaths, 0.79 per million population per year [95% CI: 0.55–1.10]), and 30–39 years (13 deaths, 0.29 per million population per year [95% CI: 0.15–0.49]). Chronic hepatitis B attributable deaths increased over the 2006 to 2019 period among adults aged 30–39 years (p = 0.047), 50–64 years (p = 0.001) and ≥ 65 years (p < 0.001), but not among those aged 40–49 years (p = 0.25; Figure 9D).
Figure 9: Annual rates of unspecified hepatitis B notifications (2000–2019), by age group among people aged (A) <15 years, (B) 15–29 years and 
(C) ≥ 30 years; and (D) annual rate of chronic hepatitis B attributable deaths (2006–2019) by age group among adults aged ≥ 30 yearsa
[image: Figure 9 is divided into 9A, 9B, 9C and 9D. Figure 9A is a line graph that shows the unspecified hepatitis B notification rate per 100,000 population over the years 2000 to 2019 for the age groups <1 year, 1–4, 5–9, and 10–14 years. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. Figure 9A demonstrates a low notification rate in the age groups <1 year, 1–4, and 5–9 years over the entire study period, with the rate among 10–14 year old people declining although consistently higher than among the other three age groups. Figure 9B is also a line graph and shows the unspecified hepatitis B notification rate per 100,000 population per year over the years 2000 to 2019 for the age groups 15–19, 20–24 and 25–29 years. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. Figure 9B shows a substantially declining notification rate in the age groups 15–19, 20–24 and 25–29 years, with the rate being highest among the 25–29 year age group and lowest among the 15–19 year age group over the entire period. Figure 9C is a line graph that also demonstrates the unspecified hepatitis B notification rate per 100,000 population over the years 2000 to 2019, but for the age groups 30–39, 40–49, 50–64 years and 65 years and older. The x-axis is the year of notification, and the y-axis the annual notification rate per 100,000 population. Figure 9C demonstrates a declining trend in the notification rate for the age groups 30–39 and 40–49 years, and relatively stable rates in the older age groups. Figure 9D is a line graph that shows the chronic hepatitis B attributable mortality rate per million population over the 2006 to 2019 period for the age groups 30–39, 40–49, 50–64 years and 65 years and older. The x-axis is the year of death, and the y-axis the annual mortality rate per million population. Figure 9D shows an increasing trend in mortality rate in the 50–64 years and 65 years and older age groups, with a particular increase in the mortality rate in 2013 compared to the 2006–2012 period. ]
a	Data sources: National Notifiable Diseases Surveillance System for notification data; Australian Coordinating Registry for death data.
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Sex distribution
The average annual age-standardised notification rate in males was 31.9 per 100,000 population per year (95% CI: 31.7–32.2), and in females 25.8 per 100,000 population per year (95% CI: 25.6–26.0), which equates to an average rate ratio of 1.24 (95% CI: 1.22–1.25). The age-standardised rate ratio ranged between 1.14 (95% CI: 1.09–1.20) in 2015 and 1.38 (95% CI: 1.32–1.45) in 2013. Rates declined in males as well as in females (p < 0.001; Figure 7).
There were 213 chronic hepatitis B attributable deaths in males, and 87 in females. The average annual age-standardised chronic hepatitis B attributable mortality rate in males was 1.25 per million population per year (95% CI: 1.09–1.43), and in females 0.47 per million population per year (95% CI: 0.38–0.59). The average rate ratio was 2.64 (95% CI: 2.04–3.44).
Aboriginal and Torres Strait Islander people
Unspecified hepatitis B notifications were not analysed by Aboriginal and Torres Strait Islander status due to low completeness. Aboriginal and Torres Strait Islander status completeness for unspecified hepatitis B notifications over the entire 2000–2019 period was 48%, ranging from 38% in 2002 to 58% in 2018. The highest overall Aboriginal and Torres Strait Islander status completeness was in SA at 97%, with completeness > 90% in each year except 2001. Overall completeness and completeness in 2019, respectively, in the remaining states and territories was as follows: 40% and 55% in the Australian Capital Territory; 26% and 27% in New South Wales; 92% and 82% in the Northern Territory; 57% and 88% in Queensland; 59% and 73% in Tasmania; 48% and 54% in Victoria, and 90% and 92% in Western Australia.
Aboriginal and Torres Strait Islander status was available for all 300 chronic hepatitis B attributable deaths. Of these 300 deaths, 27 (9.0%) occurred in Aboriginal and Torres Strait Islander people and 273 in other people. The average age-standardised annual mortality rate was 4.93 per million population per year (95% CI: 3.09–7.39) among Aboriginal and Torres Strait Islander people and 0.78 per million population per year (95% CI: 0.69–0.88) among other people, equating to an average rate ratio over 2006 to 2019 of 6.34 (95% CI: 3.93–9.59).
State and territory variations
The largest number of unspecified hepatitis B notifications in this period was reported in New South Wales at 51,581 notifications (Table 8). The highest average annual notification rate was observed in the Northern Territory at 71.6 per 100,000 population per year (95% CI: 68.8–74.4). While the notification rate in the Northern Territory substantially declined over the reporting period (p < 0.001; Figure 10), this decline was not uniform with the notification rate peaking in 2013 (132.0 per 100,000 population per year). However, the Northern Territory still had the highest rate in 2019 (31.3 per 100,000 population per year [95% CI: 24.7–39.1]). Notification rates also significantly declined in New South Wales (p < 0.001), Queensland (p = 0.002) and Victoria (p < 0.001), but not in the Australian Capital Territory (p = 0.16), South Australia (p = 0.33), Tasmania (p = 0.31) and Western Australia (p = 0.22).
During 2006–2019, there were 1–5 chronic hepatitis B attributable deaths in each of the Australian Capital Territory and Tasmania. In the other jurisdictions, the average annual chronic hepatitis B attributable mortality rate was highest in the Northern Territory (21 deaths, 6.40 per million population per year [95% CI: 3.96–9.78]), followed by Victoria (79 deaths, 0.98 per million population per year [95% CI: 0.78–1.22]), New South Wales (95 deaths, 0.92 per million population per year [95% CI: 0.74–1.12]), South Australia (20 deaths, 0.86 per million population per year [95% CI: 0.53–1.33]), Queensland (54 deaths, 0.84 per million population per year [95% CI: 0.63–1.10]), and Western Australia (26 deaths, 0.78 per million population per year [95% CI: 0.51–1.14]). 
Table 8: Unspecified hepatitis B total notification count and average annual rate over 2000–2019, and notification count and annual rate in 2019, in Australia and by state or territorya
	Jurisdictionb
	Total count
	Average annual notification rate
	Count in 2019
	Annual notification rate in 2019

	
	
	Rate per 100,000
	95% CIc
	
	Rate per 100,000
	95% CIc

	ACT
	1,585
	21.81
	20.75–22.91
	87
	20.41
	16.35–25.17

	NSW
	51,581
	36.08
	35.77–36.39
	2,167
	26.79
	25.68–27.95

	NTd
	2,496
	71.57
	68.79–74.44
	77
	31.28
	24.69–39.10

	Qld
	16,823
	19.48
	19.18–19.77
	888
	17.43
	16.30–18.62

	SA
	6,869
	21.25
	20.75–21.76
	300
	17.12
	15.23–19.17

	Tas.
	896
	8.93
	8.36–9.54
	60
	11.22
	8.56–14.45

	Vic.
	34,426
	31.35
	31.02–31.68
	1,655
	25.09
	23.89–26.33

	WA
	11,544
	25.55
	25.08–26.02
	429
	16.35
	14.84–17.98

	Australia
	126,223
	28.78
	28.63–28.94
	5,663
	22.33
	21.75–22.91


a	Data source: National Notifiable Diseases Surveillance System.
b	ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.
c	CI: confidence interval.
d	The average annual notification rate covers the years 2005 to 2019 only.
Figure 10: Annual rate of unspecified hepatitis B notifications in Australia, by state or territory,
2000–2019a
[image: Figure 10 is a line graph that shows the unspecified hepatitis B notification rate per 100,000 population between 2000 and 2019 by state or territory, with data for the Northern Territory covering the years 2006–2019 only. The x-axis is the year of notification, and the y-axis is the annual notification rate per 100,000 population. The figure demonstrates a higher notification rate in the NT compared to all other states and the ACT, with a particularly high rate in 2013. The figure also demonstrates a substantial decline in the notification rate in the NT after 2013 to a rate similar to that observed in other states and the ACT from 2018 onwards. ]
a	Data source: National Notifiable Diseases Surveillance System.
Country of birth
Country of birth information was not available for unspecified hepatitis B notifications.
Country or region of birth was reported for all 300 chronic hepatitis B attributable deaths between 2006 and 2019. Of these deaths, 67 were among people born in Australia (22.3%; Table 7). The most common area of birth among chronic hepatitis B attributable deaths was South-East Asia at 68 deaths (22.7%). Other common areas of birth were Southern and Eastern Europe (15.0%) and North-East Asia (14.7%).
Birth cohort analysis
Among the 126,233 unspecified hepatitis B notifications, 887 (0.7%) were in individuals born from May 2000 onwards. As country of birth was not available for unspecified hepatitis B notifications, it is unclear what proportion of these would have been eligible for infant vaccination under the Australian NIP. The largest number of cases in this cohort was notified in Victoria (n = 262; 29.5%), followed by New South Wales (n = 242; 27.3%), Queensland (n = 167; 18.8%) and Western Australia (n = 99; 11.2%). More than half of the notifications (n = 483; 54.5%) were in males. By age group, the largest number of notifications was reported in adolescents between 10–19 years of age (n = 404; 45.6%), followed by children 5–9 years of age (n = 253; 28.5%), children aged 1–4 years (n = 172; 19.4%), and infants < 1 year of age (n =58; 6.5%). Aboriginal and Torres Strait Islander status was not reported for 264 notifications (29.8%), with 67 of the total 887 recorded as being among Aboriginal and Torres Strait Islander people (7.6%).
Vaccination status was unavailable (blank or unknown) for 788 of the 887 notifications (88.8%) in people born from May 2000 onwards. Thirty-three people (3.7%) were recorded as not having received any hepatitis B vaccinations. The number of hepatitis B vaccine doses given was available for 17 notifications (1.9%).
There were no chronic hepatitis B attributable deaths among people born since May 2000.
Discussion
Our study shows that the notification rates of both newly-acquired and unspecified hepatitis B infection have substantially decreased in the two decades since the introduction of funded universal infant hepatitis B immunisation under the NIP. Hospitalisations due to acute hepatitis B have followed a similar declining trend. However, individuals, including those eligible for funded vaccination, continue to acquire hepatitis B within Australia. This review highlights males and Aboriginal and Torres Strait Islander people as groups at higher risk, and identifies gaps in data needed to better understand current transmission pathways to allow for the optimisation of immunisation programs and other public health strategies.
Analysis by age group showed the lowest notification rates of both newly-acquired and unspecified hepatitis B, the latter of which is likely to predominantly represent chronic hepatitis B, among children aged < 15 years. Uptake of hepatitis B vaccination in infants has been high since its introduction under the NIP,42 with three-dose coverage (excluding the birth dose) estimated at 94.8% at 12 months of age in 2019.43 We also found marked declines in newly-acquired and unspecified hepatitis B notifications among adolescents aged 15–19 years (17-fold and 5-fold, respectively), who were eligible for adolescent hepatitis B immunisation programs at age 11–12 years until cohorts eligible for the infant hepatitis B immunisation program reached this age, and among young adults aged 20–24 and 25–29 years (newly-acquired notification rate declined by 11-fold and 7-fold, respectively, and unspecified rate by 3.5-fold and 2-fold), who were also eligible for adolescent hepatitis B immunisation programs. Uptake of adolescent hepatitis B vaccination, nationally funded from 1996 to 2013, was estimated to be 60–75% through school-based programs.44–46 Given this relatively moderate coverage, the substantial decrease in rates in eligible age groups suggests both direct protection (including, in migrants, from infant immunisation programs which commenced in the 1990s in many endemic countries)47 and indirect herd effects via reduced horizontal transmission from vaccinated peers. Our findings provide both updated and more detailed evidence on the effect of hepatitis B immunisation programs, and are broadly consistent with previous Australian and international studies demonstrating a decline in hepatitis B incidence and prevalence among birth cohorts eligible for infant and adolescent immunisation programs.46,48–52
No significant decline in newly-acquired hepatitis B notification rates were observed in adults aged ≥ 40 years; the 40–49-year age group had the highest newly-acquired hepatitis B notification and acute hepatitis B hospitalisation rates in 2019. The United States (US), despite a marked reduction in the incidence of acute hepatitis B overall, observed an increasing rate among adults aged ≥ 40 years starting approximately 20 years after implementation of their universal infant immunisation program.49,53 Some have hypothesised that the increased incidence among unvaccinated US adult populations in certain states may be in the context of increased risk behaviour, with the prevalence of chronic hepatitis B increasing among people who inject drugs.54–56 While we did not see a similar increase among older age groups in Australia, continued monitoring is required to determine whether universal vaccination among non-susceptible adults, as introduced in the US,53 could become warranted in the progress towards elimination.34 The increasing chronic hepatitis B attributable mortality rate that we found, particularly among adults aged ≥ 50 years, could be partly due to improved ascertainment, as modelling suggests that chronic hepatitis B attributable deaths have decreased or plateaued since 2010.47 Australian guidelines currently recommend a risk-based approach to both HBV screening and vaccination,57,58 although some have argued that universal adult screening is needed to improve diagnosis and treatment of chronic hepatitis B.59
In relation to sex differences, we found a twofold higher newly-acquired hepatitis B notification rate and acute hepatitis B hospitalisation rate in males than in females, and a 3- and 2.5-fold higher acute and chronic hepatitis B-related death rate, respectively. Similar sex disparities have been observed in other developed countries.49,60,61
In Aboriginal and Torres Strait Islander people, the all-age notification rate of newly-acquired hepatitis B decreased twofold between 2000 and 2019, but was threefold higher than in other people. Acute hepatitis B hospitalisation and mortality rates varied over the study period, but were on average three and 7.5 times higher in Aboriginal and Torres Strait Islander people than in other people, respectively, and the chronic hepatitis B attributable mortality rate was six times higher. These disproportionately high mortality rates may reflect, in part, poorer access to healthcare and a high burden of comorbid conditions among Aboriginal and Torres Strait Islander people.62,63 Analysis of the 2016–2019 period has demonstrated no significant disparity in newly-acquired hepatitis B notification rates between Aboriginal and Torres Strait Islander and other children/adolescents aged < 15 years, i.e. those eligible for infant vaccination under the NIP, but no decline in rates in Aboriginal and Torres Strait Islander adults aged ≥50 years,64 despite eligibility for state-funded immunisation programs in all six states. Vaccination uptake in these targeted programs (outside the NIP) is poorly documented and likely to be suboptimal. Including hepatitis B vaccination for all susceptible Aboriginal and Torres Strait Islander people under the NIP would likely increase coverage and would likely lead to a reduction in the number of acute and chronic hepatitis B cases,18 and by extension deaths. While Aboriginal and Torres Strait Islander status completeness improved substantially between 2000 and 2019 for newly-acquired hepatitis B notifications, completeness remains poor (< 50%) for unspecified hepatitis B notifications, likely due to much more limited follow-up by public health units. While the prevalence of chronic hepatitis B in Aboriginal and Torres Strait Islander people has decreased substantially since the introduction of targeted and universal immunisation programs,65–68 from approximately 10.8% prior to 2000 to 3.5% in studies conducted after 2000,69 further exploration of strategies to improve Aboriginal and Torres Strait Islander status completeness for unspecified hepatitis B notifications are required to facilitate data-driven policy and program enhancement to meet targets of relevant national strategies.34,70–72
Among states and territories, the Northern Territory had the highest all-age rates over the 2000–2019 period for newly-acquired and unspecified hepatitis B notifications, acute hepatitis B hospitalisations, and acute and chronic hepatitis B deaths. This is consistent with the high prevalence of hepatitis B in the Northern Territory,22,73 and with its population having the highest proportion of Aboriginal and Torres Strait Islander people of any jurisdiction.74 However, the newly-acquired hepatitis B notification rate in the Northern Territory declined significantly over the study period and by 2019 was not significantly different from other jurisdictions. This may be due, in part, to the introduction in the Northern Territory of a universal hepatitis B infant immunisation program in 1990, a decade before inclusion on the NIP, although the Northern Territory acute hepatitis B hospitalisation rate did not decrease significantly over the study period and remained 7-fold higher than the national rate in 2019. Given it usually takes many years for chronic hepatitis B infection to progress to serious sequelae such as hepatocellular carcinoma, which has an estimated 4.5 to 6-fold higher incidence in Aboriginal and Torres Strait Islander people than in non-Indigenous people,75,76 the full effect of immunisation programs may not be realised for decades.77
In terms of country of birth and acquisition of newly-acquired hepatitis B, we found that, of notifications where the relevant information was recorded, three-quarters were in people born in Australia and most (93%) were acquired in Australia. However, these data should be interpreted with caution due to the high proportion of missing data (approximately half) for these fields. Data on country of birth and acquisition were unavailable for unspecified hepatitis B notifications, which likely mostly represent chronic hepatitis B. However, previous studies have shown that more than two-thirds of people living with chronic hepatitis B in Australia were born (and likely acquired the disease) overseas,22 with the most common country of birth being China,23 and with particularly high prevalence among women born in Sierra Leone and South-East Asian countries,78,79 and among certain refugee populations.80–82 Similarly, we found that approximately four-fifths (78%) of chronic hepatitis B attributable deaths occurred in people born overseas. It is important to optimise hepatitis B screening among migrants from areas of high endemicity in order to engage individuals in chronic hepatitis B care, to offer vaccination to those susceptible, and to screen and vaccinate contacts of those found to have chronic hepatitis B. Vaccination is currently only state-funded in Queensland, Tasmania and Victoria for non-humanitarian migrants from hepatitis B-endemic areas. Ensuring the adequate protection of susceptible adults travelling to hepatitis B endemic areas should also remain a priority within travel clinics and other health care settings.58,83
Our study has some limitations. The newly-acquired hepatitis B notification rate is likely an underestimate of the true rate, given the substantial proportion of asymptomatic or mildly symptomatic acute infections.9 Changes in ascertainment (e.g. clinician testing practices) and coding could have occurred over time. Prior to 2004, there was considerable variation in hepatitis case definitions between jurisdictions,84 but all jurisdictions implemented the CDNA endorsed case definition in 2004, with minor modifications made in 2015.36,37 Some acute hepatitis B-related hospitalisations and deaths may have been misclassified, given the proportion with chronic hepatitis B-related additional diagnoses (6%) or associated causes of death (3%). This could lead to overestimation of acute hepatitis B hospitalisation and death, although underdiagnosis and under-ascertainment of cases may have counteracted this effect to some extent. We did not assess chronic hepatitis B-related hospitalisations, which likely represent the bulk of hepatitis B-related hospitalisations in Australia, and the chronic hepatitis B death rates which we present likely underestimate true mortality: while we found 60 deaths in 2019 with chronic hepatitis B as underlying or associated cause of death, recent modelling estimates 363 deaths attributable to chronic hepatitis B in that year.85
We were also unable to assess hepatitis B rates within at-risk groups other than Aboriginal and Torres Strait Islander people, due to low data completeness of country of birth and absence of information on risk behaviour, and we did not attempt to correlate observed trends with changes in key migrant groups to Australia over the 20-year period. It would be particularly important to ascertain transmission routes and risk factors in individuals eligible for funded vaccination programs who acquire hepatitis B, which may represent missed opportunities for vaccination, deficiencies in antenatal screening and management of infants of HBsAg positive mothers, and vaccine failure. Despite the clear success of the infant immunisation program in reducing notification rates among those potentially eligible, 52 cases of newly-acquired and 887 of unspecified hepatitis B were reported in this cohort born since May 2000 over our 20-year study period. However, due to lack of data on country of birth (and hence on eligibility for infant vaccination under the NIP or overseas programs), on vaccination status and on likely transmission routes, we were unable to assess the factors contributing to these potentially preventable infections. Enhanced surveillance and follow-up investigation of all notified cases of hepatitis B in individuals born from May 2000 onwards would improve our understanding of these factors and would inform ongoing prevention strategies. Measures to improve completeness of Aboriginal and Torres Strait Islander status, in accordance with relevant national strategies,34,72 particularly for unspecified hepatitis B notifications, along with follow-up investigation of all notified cases in Aboriginal and Torres Strait Islander people, would also be of considerable benefit to inform actions to address the inequitable disparity in disease rates. Linkage of the NNDSS to other relevant data sources, e.g. via the Australian Immunisation Register – Multi-Agency Data Integration Project (AIR-MADIP)86 or to hospitalisation data,71 would facilitate identification of other population subgroups at higher risk of hepatitis B.
In conclusion, adolescent and infant immunisation programs in Australia have led to significant reductions in notification rates of newly-acquired hepatitis B, and in acute hepatitis B hospitalisation rates, both at the overall national level and in Aboriginal and Torres Strait Islander people. Unspecified hepatitis B notification rates have also greatly reduced in children and young adults, likely largely due to the impact of overseas infant immunisation programs on prevalence in child and adolescent migrants. Continued monitoring and surveillance are required, particularly given that newly acquired hepatitis B notification rates have plateaued since 2015. Work to improve completeness of variables within national datasets is crucial, along with enhanced surveillance of both newly-acquired and unspecified hepatitis B cases to investigate transmission routes, vaccination status and factors contributing to acquisition of hepatitis B, in order to optimise the impact of immunisation programs, to ensure linkage with care, and to screen and vaccinate contacts.
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