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Abstract

Background: It is estimated that over 40 % of the 218,000 people with chronic hepatitis B (CHB) in Australia in
2011 are undiagnosed. A disproportionate number of those with undiagnosed infection were born in the
Asia-Pacific region. Undiagnosed CHB can lead to ongoing transmission and late diagnosis limits opportunities to
prevent progression to hepatocellular carcinoma (HCC) and cirrhosis.
Strategies are needed to increase testing for hepatitis B virus (HBV) (including culturally and linguistically diverse
communities, Aboriginal and/or Torres Strait Islander (Indigenous) people and people who inject drugs). General
practitioners (GPs) have a vital role in increasing HBV testing and the timely diagnosis CHB. This paper describes the
impact of a GP-based screening intervention to improve CHB diagnosis among priority populations in Melbourne,
Australia.

Methods: A non-randomised, pre-post intervention study was conducted between 2012 and 2013 with three
general practices in Melbourne, Australia. Using clinic electronic health records three priority populations known to
be at increased CHB risk in Australia (1: Asian-born patients or patients of Asian ethnicity living in Australia; 2:
Indigenous people; or 3): people with a history of injecting drugs were identified and their HBV status recorded.
A random sample were then invited to attend their GP for HBV testing and/or vaccination. Baseline and follow-up
electronic data collection identified patients that subsequently had a consultation and HBV screening test and/or
vaccination.

Results: From a total of 33,297 active patients, 2674 (8 %) were identified as a priority population at baseline; 2275
(85.1 %) of these patients had unknown HBV status from which 338 (14.0 %) were randomly sampled. One-fifth
(n = 73, 21.6 %) of sampled patients subsequently had a GP consultation during the study period; only four people
(5.5 %) were subsequently tested for HBV (CHB detected in n = 1) and none were vaccinated against HBV.

Conclusion: CHB infection is an important long-term health issue in Australia and strategies to increase appropriate
and timely testing are required. The study was effective at identifying whether Asian-born patients and patients of
Asian had been tested or vaccinated for HBV; however the intervention was not effective at increasing HBV testing.
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Background
Despite being a leading cause of HCC globally, the
asymptomatic nature of chronic hepatitis B (CHB) infec-
tion has resulted in a large number of undiagnosed cases
[1–3]. The majority of CHB infections are acquired at
birth or during early childhood with between 80 and
90 % of infants infected with hepatitis B virus (HBV) at
birth developing CHB, compared to 30 % of infections
among people aged ≤6 years and 5 % among adults [4,
5].
Current estimates suggest there are 218,000 people

living with CHB in Australia; over half (56 %) born
overseas and one-third (38 %) of this group were born in
the Asia/Pacific region, a region with several countries
with high and intermediate CHB prevalence [3, 6]. Recent
estimates suggest that 44 % of people living with CHB in
Australia are undiagnosed [3]. Only 5 % of people living
with CHB are currently receiving antiviral therapy [7],
representing a minority of the estimated 10–25 % who
would benefit from treatment [8–11]. Undiagnosed CHB
can lead to ongoing transmission, while late diagnosis
limits opportunities to prevent progression to HCC or cir-
rhosis [4]. Further, HCC is the fastest increasing cause of
cancer mortality in Australia, with the annual number of
new cases increasing from 1.8 to 5.2 per 100,000 popula-
tion between 1982 and 2007 [12]. It is imperative that
those living with CHB are diagnosed in an timely manner
as treatment significantly reduces the risk of HCC [13],
and early detection of HCC is associated with improved
5-year survival rates [14].
Australia’s Second National HBV Strategy 2014–2017

(hereafter referred to as the Strategy) includes the target
of increasing the proportion of people living with CHB
that are diagnosed from 56 to 80 % by 2017 [8]. Priority
populations identified in the Strategy include people
from culturally and linguistically diverse backgrounds,
particularly people born in Asia, the Pacific or Sub-
Saharan African background, Indigenous people, and
people who inject drugs (PWID). These groups have
been identified as having reduced access to and use of
health services, including preventative health programs
and cancer screening [3, 15–20]. Key to achieving the
CHB diagnosis target is the collection and recording of
demographic data in health care settings to identify pri-
ority populations; however, recording of ethnicity and/or
country of birth and Indigenous status in general prac-
tice settings is low in Australia [21, 22]. Therefore, strat-
egies are needed to improve identification of priority
populations in general practice and to increase HBV
testing and appropriate follow-up care, including vaccin-
ation or treatment.
This paper presents results of a pilot study conducted

with general practice clinics to identify people at increased
risk of HBV in three priority populations (Asian-born

patients or patients of Asian ethnicity, Indigenous people
or PWID), and increase HBV testing and, where appropri-
ate, HBV vaccination in these populations.

Methods
Study design
A non-randomised, pre-post pilot study was conducted
between December 2012 and April 2013 in three general
practices located in Melbourne, Australia. General prac-
tices were purposively selected in suburbs with a high
proportion of Asian-born residents [23] and with a high
case-load of Asian-born patients. The study included the
implementation of a system to increase identification of
people in high risk populations and a call back system to
increase HBV testing and vaccination where appropriate.
Stakeholders, including non-governmental organisations
working in the areas of cancer prevention and hepatitis
management, GPs and hepatology specialists were en-
gaged during the design of the intervention.

Site selection
The three clinics were located in suburbs with varying
Index of Relative Socio-economic Disadvantage (IRSD)
scores. The IRSD is an index of socio-economic status de-
veloped by the Australian Bureau of Statistics (ABS) based
on the most recent Census (2011) which summarises a
range of information about the economic and social con-
ditions of people and households within a geographic area.
The mean IRSD score is 1000; lower scores indicate rela-
tively greater disadvantage in general whilst higher scores
indicate relative lack of disadvantage generally. In 2011 the
ISDR range across Australia was 588-1191 [24]. Clinic sizes
ranged from small (~2500 active patients) to large (over
20,000 active patients). Two clinics did not charge private
fees in addition to the fee billed through the national health
insurance scheme (“Medicare”, see http://www.humanservi-
ces.gov.au/customer/subjects/medicare-services, Table 1).

Identification of patients from priority population and
sampling
The source population were active patients defined as those
who attended participating clinics within the previous
24 months, aged 18 years and over, and were a member of
one of the three following priority populations: 1) Asian-
born patients or patients of Asian ethnicity living in
Australia; 2) Indigenous people; or 3) people with a history
of injecting drugs (herein referred to as people who inject
drugs, PWID) were identified (see below for these methods).
Asian-born patients or patients of Asian ethnicity liv-

ing in Australia were identified using a United States-
developed electronic name-list predictive of people with
Asian ethnicity [25]. The methods of developing the
name list have been previously described [25, 26]. In
short, a list of 20,000 names was developed in the
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United States from Social Security and Medicare admin-
istration records as a predictive method to identify eth-
nicity from the six major Asian ethnic groups in the
United States, including Chinese (including those from
Hong Kong and Taiwan), Japanese, Filipino, Korean
(North and South), Indian and Vietnamese. The name
list was applied by the GRHANITE™ technology [27] to
determine the eligible Asian ethnicity population within
each practice. The name list has been validated for use
in screening patients for risk of CHB in the Australian
state of Victoria [28] and has been used effectively in the
United States to identify patients to receive electronic
prompts to increase HBV tests [26]. GRHANITE™ tech-
nology interfaced with the clinic’s electronic health rec-
ord (EHR) and applied the name list creating a flag for a
match on first name, surname of both. This flag was ex-
tracted, in addition to other demographic and clinical
details contained within the EHR.
Indigenous people included those that were coded

as Aboriginal, Torres Strait Islander or both in a
clinics EHR. PWID are not routinely identified in
EHRs, and this population was identified through
electronic review of clinical notes from the previous
four years to identify records that suggested a history
of injecting drug use by patients (for example, opioid
substitution therapy). It was not possible to differenti-
ate between current and former injecting drug use
and therefore people with clinical notes indicating
both current and former injecting drug use are
included.

Electronic identification of electronic health record data
extraction software
De-identified data for the eligible study population were
then automatically forwarded to the study secure data
repository. The de-identified data were extracted at the
individual patient level as per the study ethics permitted
with the extraction happening in conjunction with an
opt-out patient consent policy. A unique number map-
ping to the EHR record number was extracted to allow
for re-identification of patients in the intervention arm
by the practice without researchers having any access to
person identifiers.

Intervention
A random sample of those identified as being in a prior-
ity population were generated at each clinic for the
intervention; the number of patients randomly sampled
differed between clinics based on available resources at
each clinic for conducting the intervention. Patients that:
1) matched the name-list for both first name and sur-
name or identified as Indigenous or PWID (the priority
populations); and 2) with no history of HBV testing
within the previous four years or with a testing history
that indicated HBV susceptibility (see Table 1 below),
were sampled. Randomisation was based on the month
of birth of patients in the source population; patients
selected included those born in September, October
and November in all clinics and in the third and lar-
gest clinic, the sample was further refined to include
patients born in even-numbered years only to ensure
a manageable sample size for clinic staff overseeing
the intervention.
The intervention comprised of an invitation to each

member of the sample to attend the clinic for HBV test-
ing or vaccination where there was evidence of HBV sus-
ceptibility. Methods for patient contact differed between
clinics and were selected and implemented by clinic ad-
ministration staff in consultation with the project team.
Clinics 1 and 2 mailed invitation letters to patients and
Clinic 3 undertook a combination of mailed letters and
telephone calls. The invitation letter was in English only
however telephone calls were made by bilingual admin-
istrative staff. Non-respondents were not followed up
(that is, the sample population received one invitation
only) and the majority of invitations were sent between
September and December 2012; in one clinic, the final
invitations were sent on 11 April 2013. Approximately
one-third of the invitations were delivered each month
during the invitation period to ensure a manageable
workload at clinics. The intervention period differed for
patients according to the month of invitation, and ended
on 30 April 2013 for all patients to allow sufficient time
for potential consultation in response to the intervention
(i.e., allowing a minimum of approximately three weeks
and maximum of six months following the intervention
to have a consultation).

Table 1 Description of participating general practice clinics

Clinic 1 Clinic 2 Clinic 3

Number of doctors 5 2 5

Total number of active patients 8959 2424 21,914

Index of Relative Socio-economic
Disadvantage score

1088 1060 908

Public or private billing Medicare payment plus some private fee Bulk billed Medicare payment only
(no private fee)

Bulk billed Medicare payment only
(no private fee)
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Electronic review of EHR and data collection
GRHANITE™ automated data extractions provided both
the pre-intervention baseline and intervention period
follow up study data. Four years of retrospective data
were collected in November 2011 from all clinics; retro-
spective data allowed for review of previous HBV testing
and identification of patients from priority populations.
A second data extract was collected in April 2013 contain-
ing data from November 2011 until April 2013, allowing
comparisons to be made in the pre-intervention and post-
intervention periods.
Information on patients, consultations, requests and

the corresponding results were collated. Demographic
data collected included sex, age at consultation (derived
from date of birth), Indigenous status, country of birth,
flag for name match to list of Asian names (yes/no) and
the patient’s unique ID number (to identify patients eli-
gible for the intervention and monitor the interventions
impact). HBV testing history data collected included if a
test was requested (yes/no), the date of the consultation,
the date the test was conducted (restricted to tests after
1/8/2007) and test result; pathology test reports were
stored as fixed-layout flat document (i.e., PDF) and re-
sults were identified through text mining.
Diagnostic tests for HBV collected in this study include

hepatitis B surface antigen (HBsAg), hepatitis B surface
antibody (anti-HBs) and hepatitis B core antibody (anti-
HBc). Case definitions used to determine HBV infection
and immunity status are presented in Table 2.

Outcome measures
Outcome measures included in this analysis were: 1) the
number of people identified as a priority population that
were previously untested; 2) the number of people identi-
fied as a priority population that were previously untested
and who subsequently had a HBV test; 3) the number of

people identified as a priority population that were previ-
ously untested and who subsequently had a HBV test and
whose HBV test results indicated CHB infection; and 4)
the number of people identified as a priority population
that were previously untested and who subsequently had a
HBV test and whose HBV test results indicated suscepti-
bility and were vaccinated.

Ethical approval
The project received ethical approval from the Royal
Australian College of General Practitioners (RACGP)
National Research and Evaluation Ethics Committee and
an opt-out consent mechanism was implemented at the
practice level.

Results
Description of source population
A total of 33,297 active patients were identified across the
three clinics’ patient management systems at baseline. A
total of 2674 (8 %) of these patients were identified as a
priority population for HBV testing and comprised the
source population for the intervention. Nearly all of the
source population were classified as Asian-born or of
Asian ethnicity (n = 2654, 99.3 %). Eighteen (0.7 %) of the
source population were people who identified as Indigen-
ous and two (0.1 %) were PWID.
The majority of the source population (n = 2275,

85.1 %) had unknown HBV status and 399 (14.9 %) had
known HBV status. Among the 399 patients with known
HBV status, over half were HBV immune (n = 222,
62.2 %), 78 (21.8 %) were susceptible to HBV (i.e., CHB
negative but no evidence of vaccination or natural im-
munity), and 57 (16.0 %) were CHB-negative with insuf-
ficient information to determine immunity status. Ten
percent of the source population was found to have
chronic infection (n = 42, 10.5 %) Table 3).
A total of 2409 (90.1 %) of patients from the source

population were eligible for sampling for the second
phase of the study (that is, patients with unknown HBV
status and patients with known HBV status that were
susceptible to HBV or with unknown immunity status).

Intervention description and results
Three hundred and thirty-eight (14.0 %) of the eligible
source population were randomly sampled for the inter-
vention. Approximately one-third of the sample was
recalled each month; 27.5 % in month 1, 38.8 % in month
2, 33.7 % in month 3. Of the 338 patients that were sent a
recall letter or telephone call, one-fifth (n = 73, 21.6 %)
subsequently had a GP consultation during the study fol-
low up period. Among the 73 that subsequently consulted
a GP in the follow up period, only 4 (5.5 %) were tested
for HBV, one of whom had CHB detected. None of the

Table 2 Case definitions to determine HBV infection and
vaccination status

Infection status

Unknown HBV status No history of HBV
testing

Chronic hepatitis B HBsAg detected
and/or HBV viral
load detected

Immunity status

CHB-negative and HBV susceptible
(not vaccinated and no evidence
of natural immunity)

HBsAg not detected
and Anti-HBs not
detected

CHB-negative and immune
(vaccine-derived immunity or natural immunity)

HBsAg not detected
and Anti-HBs detected

CHB-negative with insufficient information to
determine immunity status

HBsAg not detected
and Anti-HBs unknown

HBsAg hepatitis B surface antigen, anti-HBs hepatitis B surface antibody,
anti-HBc hepatitis B core antibody
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other three patients commenced vaccination for HBV in
the study period (Table 4).

Discussion
CHB infection is a major long-term health issue in
Australia due to the large number of Australians from
culturally and linguistically diverse communities born in
regions with moderate and high CHB prevalence, how-
ever diagnosis rates are unacceptably low. In this study,
we found that electronic review of EHR database was an
efficient and reasonably successful method to identify
patients at increased risk of CHB and determine their

HBV testing history. However, among those identified at
increased risk and who were invited to the clinic for
HBV testing or vaccination, there was a low rate of sub-
sequent consultations and an even lower rate of HBV
testing.
In this study, only 2.5 % of people who were identified

as at-risk of CHB had country of birth recorded (data not
presented in table), and therefore using the name-list
greatly increased the number of at-risk patients identified
than would have been identified if traditional identifiers
were used. Several countries utilise similar electronic
name-based ethnicity classification systems to supplement

Table 3 Description of source population

n %

Description of active patients

Total number of active patients 33,297

Description of source population 2,674 8.0 %

Method of population identification

Patients with Asian ethnicity 2,654 99.3 %

Indigenous people 18 0.7 %

People who inject drugs or with a history of injecting drugs 2 0.1 %

HBV infection and immunity status of source population

Patients with unknown HBV status 2,274 85.1 %

Patients with known HBV status 399 14.9 %

Chronic HBV detected (% among patients with known HBV status, n = 399) 42 (10.5 %)

Chronic HBV not detected (% among patients with known HBV status, n = 399) 357 (89.5 %)

Susceptible to HBV (% among patients with no evidence of chronic HBV, n = 357) 78 (21.8 %)

Immune to HBV (% among patients with no evidence of chronic HBV, n = 357) 222 (62.2 %)

Unknown immunity status (% among patients with no evidence of chronic HBV, n = 357) 57 (16.0 %)

Eligible patients in source population (Patients with unknown HBV status and Patients with known HBV status that were susceptible
to HBV or with unknown immunity status)

2,409 90.1 %

Table 4 Intervention description and results

n %

Number of patients sampled for intervention (% of source population) 338 (14.0 %)

Sep-11 93 27.5 %

Oct-11 131 38.8 %

Nov-11 114 33.7 %

Reason for intervention invitation

HBV vaccination (% of patients sampled) 78 23.1 %

HBV testing (% of patients sampled) 260 76.9 %

Intervention impact

Number of patients recalled that subsequently consulted a GP during the intervention period 73 21.6 %

Number of patients that had a consultation and tested for HBV (% of patients that subsequently had a GP consultation) 4 (5.5 %)

Chronic HBV detected (% of patients that subsequently had a GP consultation and were tested for HBV) 1 (25.0 %)

Chronic HBV not detected (% of patients that subsequently had a GP consultation and were tested for HBV) 3 (75.0 %)

Number of patients that had a consultation and were vaccinated against HBV (% of patients that subsequently had a GP
consultation)

0 (0 %)
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population health datasets when ethnicity data is not col-
lected or incomplete. For example, Nam Pehchan and
OnoMAP software have been used extensively in health
research internationally and show utility in identifying
people from Asian backgrounds [29–32]. No name-based
ethnicity classification system is perfect however, and al-
ternative strategies to improve the collection of informa-
tion on cultural and/or ethnic background should be
considered in general practice. For example, the recording
of other cultural backgrounds of patients (including coun-
try of birth and language) is currently a discretionary data
item in to the RACGP Standards for General Practice
[33], however it may increase data completeness if this
were revised to ensure it is a mandatory item. In addition,
incentives to increase data completeness could be consid-
ered. In the United Kingdom, incentivisation of ethnicity
(under the Quality and Outcomes Framework) improved
completeness of ethnicity data for newly registered pa-
tients in general practices from 30 % to 80 % [34].
Whilst it was efficient to extract routinely collected data

such as Indigenous status, the use of these data also relies
on high levels of data completeness. Measuring the real
burden of disease in Indigenous people is complicated by
under-identification of in administrative health data col-
lections, including general practice [35, 36]. Recording In-
digenous status is a mandatory data item for accreditation
purposes in the RACGP Standards [33] however data
completeness in general practice is low, with around 60 %
of Indigenous people having their status recorded [21].
Data completeness in this study was lower (around 45 %)
and very few Indigenous people were subsequently identi-
fied. The prevalence of CHB in Indigenous people is
higher than non-Indigenous people, and is estimated to be
around 4 % [37]. Therefore, considerable efforts are re-
quired to increase data completeness to an acceptable
level in general practice in Australia to ensure those living
with CHB are identified. The indigenous Māori ethnic
group in New Zealand, who have an estimated HBsAg
prevalence of 5.6 % [38], had similarly low levels of ethni-
city data completeness in the early 2000s; the implementa-
tion of a population-based funding model adjusted for
ethnicity led to higher completeness rates of ethnicity in
general practice datasets [39, 40]. An incentivised program
also exists in Australia - the Indigenous Health Incentive,
operating through the Practice Incentives Program and
implemented through Medicare Australia [41]. The incen-
tives offered through the Indigenous Health Incentive dif-
fer from the New Zealand model in that practices receive
individualised payments for chronic disease management
rather a population approach based on a whole-of-
practice profile that requires higher levels of data com-
pleteness; a population approach to incentivisation may
improve the identification of Indigenous people in general
practice datasets.

There is currently not an efficient method to identify
PWID in EHRs and patient notes were the main source of
information used to identify these patients. This has con-
siderable ethical implications and has the potential to
introduce bias to the classification of patients by priority
grouping. Further examination of efficient and ethical ap-
proaches to identifying PWID in clinical datasets is war-
ranted, however it should be noted mainstream general
practices may not be the most appropriate place to iden-
tify PWID for HBV care models. Issues such as stigma
and expertise and level of comfort of providers in main-
stream services may hinder service delivery to PWID and
integrated care models that comprehensively address the
complex range of health and social welfare needs of PWID
are more appropriate services to provide testing and
vaccination [42–44].
Identifying people at increased risk is important and

our intervention was successful at this. However if we
are to reach the Strategy’s target of that 80 % of people
living with CHB that are diagnosed by 2017 it is vital
that those identified as being at increased risk are tested
to confirm their HBV status and then receive appropri-
ate follow up. For those at risk of HBV, appropriate fol-
low up includes HBV vaccination whilst for those
diagnosed with CHB it includes regular follow up. Our
findings reveal an extremely low baseline testing rate,
with approximately 10 % of patients identified as at in-
creased risk of CHB having had a test for CHB at the
participating clinic in the previous four years. A low test-
ing rate is likely to have fed into a low diagnosis rate.
Based on estimates of CHB prevalence among people
born in Asia/Pacific (3.55 %) [3], at least 94 people at-
tending the participating clinics are likely to be living
with CHB yet only 41 cases of CHB were identified
through the initial data extraction and one additional
case was identified in this study. A proportion of those
remaining undiagnosed pose ongoing risks in relation to
HBV transmission and CHB related morbidity and
mortality.
Our intervention of sending invitations to those identi-

fied as at risk failed to increase consultation rates above
the average attendance for people in this age range [45],
and failed to increase HBV testing and vaccination in
priority patients who attended the clinic in the study fol-
low up period. Among those that did have a consult-
ation, around 5 % subsequently had a HBV test. The
reason why a HBV test was not requested in the
remaining 95 % of consultations is not known, however
it is possible that GPs were not aware of the patients
identified risk of CHB and that consultations addressed
other health concerns. It should be noted that GPs were
not prompted (electronically or otherwise) at this visit to
offer HBV testing and therefore interventions that oper-
ate at a clinic administration-patient level, without
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consultation level prompting or involvement of GPs,
may offer limited utility.
In addition to low levels of testing in those that

returned to the clinics, feedback from practice managers
who oversaw the intervention implementation empha-
sised the resource intensity of the manual invitation
process (i.e., generating the recall list and generating in-
vitation letters or making telephone calls) suggesting
such a system would not be sustainable even if testing
had been higher. This highlights the need to investigate
alternative efficient and sustainable models to prompt
HBV testing among priority populations such as point-
of-care electronic health reminders (that is, electronic
reminders delivered during patient consultations) or re-
minders delivered prior to consultations. The use of
electronic health reminders for preventive care in gen-
eral practice has increased in recent years, including
clinician reminders delivered before and after consulta-
tions (33). Systematic reviews of electronic health re-
minders have reported inconclusive results on their
impact to increase preventative care measures [46, 47],
however it is suggested that reminders delivered during
consultations may be more successful compared to re-
minders delivered before consultations [47]. To date
only one study has evaluated the impact of electronic
health reminders to prompt HBV testing; a small rando-
mised controlled trial in the United States determined
the effectiveness of electronic reminders (emailed to
clinicians 24 h before a patients’ scheduled appointment)
to increase ordering of HBV tests among adults with
Chinese and Vietnamese surnames (using the same
name list used in this study). The trial was highly effective,
with HBV tests being ordered for 41 % of consultations in
the group that received an electronic reminder compared
to 1 % of consultations in the control group [26].
Several limitations in this pilot intervention are noted.

First, the study was a pilot and thus minimum sample
sizes to observe the impact of the intervention were not
calculated. Second, clinics were selected for their close
contact with the target population, and therefore are not
representative of broader general practice in Victoria.
Third, the screening tool only comprised of names from
six major Asian ethic groups and is not representative of
ethnic or geographic areas with moderate and high CHB
prevalence globally. In the Australian context, it would
be greatly beneficial if names indicative of Pacific and
African origin were also included. Fourth, the definition
of active patients was broad and included patients with
one consultation only at the participating clinic in the
preceding four years before the intervention; these
patients may have received the invitation but presented
to a different clinic or not received the recall at all due
to out of date personal information. Finally, the period
of follow up after invitation to the study may have

missed additional members of the target population who
attended a clinic after the intervention follow up period.

Conclusion
CHB is an increasingly important long-term health issue
in Australia and many other countries. This intervention
was effective at identifying Asian-born patients and pa-
tients of Asian ethnicity who may be at increased risk of
CHB but was not effective in increasing HBV testing in
this priority population. Further research is recom-
mended to identify efficient and sustainable strategies to
increase HBV testing in priority populations, such as the
use of within-consultation electronic health reminders.

Abbreviations
anti-HBc: hepatitis B core antibody; anti-HBs: hepatitis B surface antibody;
CHB: chronic hepatitis B; HBsAg: hepatitis B surface antigen; HBV: hepatitis B
virus; HCC: hepatocellular carcinoma; HER: electronic health record;
IRSD: Index of Relative Socio-economic Disadvantage; PWID: people who
inject drugs; RACGP: Royal Australian College of General Practitioners.

Competing interests
YJW was a member of the Adult Hepatitis B Advisory Board for
GlaxoSmithKline Australia and Bristol-Myers Squibb. MH receives funding
from Gilead Sciences for an investigator initiated research project.

Authors’ contributions
CvG assisted with statistical analysis led the drafting of the manuscript. JW
conceived of the study, led the design of the study, assisted in its
coordination, performed the statistical analysis, and helped to draft the
manuscript. JS participated in the design of the study, facilitated
implementation and helped to draft the manuscript. BC participated in the
design of the study and contributed to the drafting of the manuscript. DB
assisted with the understanding and collection of GP data and helped to
draft the manuscript. MS helped to draft the manuscript. CE participated in
the design of the study and contributed to the drafting of the manuscript.
MH conceived of the study, helped with the design of the study and helped
to draft the manuscript. All authors read and approved the final manuscript.

Acknowledgements
We gratefully acknowledge the contribution of clinicians and other staff at
participating clinics. The researchers gratefully acknowledge the RACGP
Foundation for their support of this Project. The project was also supported
by the Cancer Research Trusts as administered by Equity Trustees Limited.
Data collection and encryption was conducted using GRHANITE™ software
developed by the Health Informatics Unit, The University of Melbourne.
Damien McCarthy at the Burnet Institute provided database management
expertise. Cancer Council Victoria provided project support through a
funded research assistant position. CvG receives PhD scholarship support
through the Australian Postgraduate Award, funded by the Australian
Government. MH is supported by an NHMRC Senior Research Fellowship.
The Burnet Institute gratefully acknowledge the contribution to this work of
the Victorian Operational Infrastructure Support Program.

Author details
1Centre for Population Health, Burnet Institute, Melbourne, Australia.
2Department of Epidemiology and Preventative Medicine, Monash University,
Melbourne, Australia. 3Cancer Council Victoria, Melbourne, Australia. 4WHO
Collaborating Centre for Viral Hepatitis, Doherty Institute, Melbourne,
Australia. 5Department of Medicine, University of Melbourne, Melbourne,
Australia. 6GRHANITE™ Health Informatics Unit, Health and Biomedical
Informatics Centre, University of Melbourne, Melbourne, Australia.

Received: 28 August 2015 Accepted: 8 January 2016

van Gemert et al. BMC Public Health  (2016) 16:95 Page 7 of 8



References
1. Mcpherson S, Valappil M, Moses S, Eltringham G, Miller C, Baxter K, et al.

Undiagnosed chronic hepatitis B is prevalent in the british-chinese
community of the north east (NE) of England. Gut. 2011;60 Suppl 1:A241.

2. Cohen C, Evans AA, London WT, Block J, Conti M, Block T. Underestimation
of chronic hepatitis B virus infection in the United States of America. J Viral
Hepat. 2008;15(1):12–3.

3. MacLachlan JH, Allard N, Towell V, Cowie BC. The burden of chronic
hepatitis B virus infection in Australia, 2011. Aust N Z J Public Health. 2013;
37(5): 416-22.

4. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis
B virus infection: New estimates of age-specific HBsAg seroprevalence and
endemicity. Vaccine. 2012;30(12):2212–9.

5. Hyams KC. Risks of chronicity following acute hepatitis B virus infection: a
review. Clin Infect Dis. 1995;20(4):992–1000.

6. Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment,
and current and emerging prevention and control measures. J Viral
Hepat. 2004;11(2):97–107.

7. Allard NL, MacLachlan JH, Cowie BC. The cascade of care for Australians
living with chronic hepatitis B: measuring access to diagnosis, management
and treatment. Aust N Z J Public Health. 2015;39(3):255–9.

8. Australian Department of Health. Second National Hepatitis B Strategy
2014–2017. Canberra: Department of Health; 2014. Website.

9. Hutton DW, Tan D, So SK, Brandeau ML. Cost-effectiveness of screening and
vaccinating Asian and Pacific Islander adults for hepatitis B. Ann Intern Med.
2007;147(7):460–9.

10. Robotin M, Kansil M, George J, Howard K, Tipper S, Levy M, et al. Using a
population-based approach to prevent hepatocellular cancer in New South
Wales, Australia: effects on health services utilisation. BMC Health Serv Res.
2010;10(1):215.

11. Butler J, Korda R, Watson K, Watson D. The impact of chronic hepatitis B in
Australia: projecting mortality, morbidity and economic impact, 2009. Canberra:
Australian Centre for Economic Research on Health; 2009. Website.

12. MacLachlan JH, Cowie BC. Liver cancer is the fastest increasing cause of
cancer death in Australians. Med J Aust. 2012; 197(9):492-93.

13. Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok A. Incidence of
hepatocellular carcinoma in chronic hepatitis B patients receiving
nucleos(t)ide therapy: a systematic review. J Hepatol. 2010;53(2):348–56.

14. Singal AG, Yopp A, S Skinner C, Packer M, Lee WM, Tiro JA. Utilization of
hepatocellular carcinoma surveillance among American patients: a
systematic review. J Gen Intern Med. 2012;27(7):861–7.

15. Anikeeva O, Bi P, Hiller JE, Ryan P, Roder D, Han GS. The health status of
migrants in Australia: a review. Asia Pac J Public Health. 2010;22(2):159–93.

16. Weber MF, Banks E, Smith DP, O’Connell D, Sitas F. Cancer screening among
migrants in an Australian cohort; cross-sectional analyses from the 45 and
Up Study. BMC Public Health. 2009;9:144.

17. Cowie B. The linguistic demography of Australians living with chronic
hepatitis B. Aust N Z J Public Health. 2011;35(1):12–5.

18. Islam MM, Topp L, Day CA, Dawson A, Conigrave KM. The accessibility,
acceptability, health impact and cost implications of primary healthcare
outlets that target injecting drug users: a narrative synthesis of literature. Int
J Drug Policy. 2012;23(2):94–102.

19. Marmot M. Social determinants and the health of Indigenous Australians.
Med J Aust. 2011;194(10):512–3.

20. Stoove MA, Gifford SM, Dore GJ. The impact of injecting drug use status
on hepatitis C-related referral and treatment. Drug Alcohol Depend.
2005;77(1):81–6.

21. Australian Institute of Health and Welfare. Taking the next steps:
identification of Aboriginal and Torres Strait Islander status in general
practice. Canberra: Australian Institute of Health and Welfare; 2013. Website.

22. Quinn E, Massey P, Rosewell A, Smithe M, Durrheim DN. Improving
ethnocultural data to inform public health responses to communicable
diseases in Australia. Western Pac Surveill Response J. 2014; 5(2):1-2.

23. Australian Bureau of Statistics. 3412.0 - Migration, Australia, 2011-12 and
2012-13. [http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/
BEF8BD30A177EC39CA257C4400238EED?opendocument]. Accessed date
May 12, 2014.

24. Australian Bureau of Statistics. 2033.0.55.001 - Census of Population and
Housing: Socio-Economic Indexes for Areas (SEIFA), Australia. 2011.
[http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.
0012011?OpenDocument]. Accessed date May 12, 2014.

25. Lauderdale D, Kestenbaum B. Asian American ethnic identification by
surname. Popul Res Policy Rev. 2000;19:283–300.

26. Hsu L, Bowlus CL, Stewart SL, Nguyen TT, Dang J, Chan B, et al. Electronic
messages increase hepatitis B screening in at-risk Asian American patients:
a randomized controlled trial. Dig Dis Sci. 2013;58(3):807–14.

27. Health and Biomedical Informatics Centre UoM. GRHANITE™ Health
Informatics Unit. [http://grhanite.com/]. Accessed date May 12, 2014.

28. MacLachlan JH, Wang YJ, Cowie BC. A validation of the use of names to
screen for risk of chronic hepatitis B in Victoria, Australia, 2001 to 2010. Euro
Surveill. 2013; 18(47):1-8.

29. Jain RV, Mills PK, Parikh-Patel A. Cancer incidence in the south Asian
population of California, 1988–2000. J Carcinog. 2005;4:21.

30. Fischbacher CM, Bhopal R, Steiner M, Morris AD, Chalmers J. Is there equity
of service delivery and intermediate outcomes in South Asians with type 2
diabetes? Analysis of DARTS database and summary of UK publications.
J Public Health (Oxford, England). 2009;31(2):239–49.

31. Nijjar AP, Wang H, Quan H, Khan NA. Ethnic and sex differences in the
incidence of hospitalized acute myocardial infarction: British Columbia,
Canada 1995–2002. BMC Cardiovasc Disord. 2010;10:38.

32. Ryan R, Vernon S, Lawrence G, Wilson S. Use of name recognition software,
census data and multiple imputation to predict missing data on ethnicity:
application to cancer registry records. BMC Med Inform Decis Mak. 2012;12:3.

33. Royal Australian College of General Practitioners. Standards for general
practices (4th edition). Melbourne: The Royal Australian College of General
Practitioners; 2010. Website.

34. Mathur R, Bhaskaran K, Chaturvedi N, Leon DA, van Staa T, Grundy E, et al.
Completeness and usability of ethnicity data in UK-based primary care and
hospital databases. J Public Health (Oxford, England). 2014;36(4):684–92.

35. Briffa TG, Sanfilippo FM, Hobbs MS, Ridout SC, Katzenellenbogen JM,
Thompson PL, et al. Under-ascertainment of Aboriginality in records of
cardiovascular disease in hospital morbidity and mortality data in Western
Australia: a record linkage study. BMC Med Res Methodol. 2010;10:111.

36. Thompson SC, Woods JA, Katzenellenbogen JM. The quality of indigenous
identification in administrative health data in Australia: insights from studies
using data linkage. BMC Med Inform Decis Mak. 2012;12:133.

37. Graham S, Guy RJ, Cowie B, Wand HC, Donovan B, Akre SP, et al. Chronic
hepatitis B prevalence among Aboriginal and Torres Strait Islander Australians
since universal vaccination: a systematic review and meta-analysis. BMC Infect
Dis. 2013;13:403.

38. Robinson T, Bullen C, Humphries W, Hornell J, Moyes C. The New Zealand
Hepatitis B Screening Programme: screening coverage and prevalence of
chronic hepatitis B infection. N Z Med J. 2005;118(1211):U1345.

39. Neuwelt P, Crengle S, Cormack D, McLeod M, Bramley D. General practice
ethnicity data: evaluation of a tool. J Prim Health Care. 2014;6(1):49–55.

40. Cormack D, McLeod M. Improving and maintaining quality in ethnicity data
collections in the health and disability sector. Wellington: Te Rōpū
Rangahau Hauora a Eru Pōmare; 2010. Website.

41. Department of Human Services. Practice incentives program. [http://www.
humanservices.gov.au/health-professionals/services/practice-incentives-
programme/]. Access date: 7 August 2015.

42. van Beek I. Case study: accessible primary health care–a foundation to
improve health outcomes for people who inject drugs. Int J Drug Policy.
2007;18(4):329–32.

43. Fragomeli V, Weltman M. Addressing viral hepatitis in the opiate
substitution setting: an integrated nursing model of care. J Gastroenterol
Hepatol. 2015;30 Suppl 2:6–11.

44. Bowman S, Grau LE, Singer M, Scott G, Heimer R. Factors associated with
hepatitis B vaccine series completion in a randomized trial for injection
drug users reached through syringe exchange programs in three US cities.
BMC Public Health. 2014;14:820.

45. Australian Bureau of Statistics. 4839.0 - Patient experiences in Australia:
summary of findings, 2012-13. Access date.

46. Dexheimer JW, Talbot TR, Sanders DL, Rosenbloom ST, Aronsky D.
Prompting clinicians about preventive care measures: a systematic review of
randomized controlled trials. J Am Med Inform Assoc. 2008;15(3):311–20.

47. Shojania KG, Jennings A, Mayhew A, Ramsay CR, Eccles MP, Grimshaw J. The
effects of on-screen, point of care computer reminders on processes and
outcomes of care. Cochrane Database Syst Rev. 2009;3, CD001096.

van Gemert et al. BMC Public Health  (2016) 16:95 Page 8 of 8

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/BEF8BD30A177EC39CA257C4400238EED?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/BEF8BD30A177EC39CA257C4400238EED?opendocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
http://grhanite.com/
http://www.humanservices.gov.au/health-professionals/services/practice-incentives-programme/
http://www.humanservices.gov.au/health-professionals/services/practice-incentives-programme/
http://www.humanservices.gov.au/health-professionals/services/practice-incentives-programme/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Site selection
	Identification of patients from priority population and sampling
	Electronic identification of electronic health record data extraction software
	Intervention
	Electronic review of EHR and data collection
	Outcome measures
	Ethical approval

	Results
	Description of source population
	Intervention description and results

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



