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Abstract

Introduction

Achieving the World Health Organization’s 2030 hepatitis C virus (HCV) elimination goals necessitates
robust and outcome-focussed surveillance. In Australia, HCV is a nationally notifiable condition, with

state and territory health authorities leading surveillance and public health response. This study aimed to
examine Queensland’s HCV surveillance system and to identify barriers to, and solutions for, implementing
notification-driven linkage to care.

Methods

This study was conducted in two parts. System mapping and gap identification were conducted through
consultation with key stakeholders operationally involved in HCV surveillance. Secondly, a proof-of-
concept descriptive analysis of two months of notification data (January to February 2023), coinciding
with a period of enhanced surveillance work, was conducted to scope the magnitude of follow-up and to
provide insights into groups needing targeted support. Cases were grouped into indeterminate, active and
cleared categories.

Results

System mapping and gap analysis identified significant constraints, including the absence of automated
data processes and key data elements. These factors impeded the implementation of surveillance case
definitions and hindered the identification of priority groups for linkage to care.

Of 2,257 cases, 1,218 (54.0%) were individuals who had cleared HCV infection. There were 305 cases
with incomplete diagnostic testing; 92/305 (30.2%) were Aboriginal and/or Torres Strait Islander people.
Incomplete diagnostic testing was significantly more likely to occur for cases tested in the community
compared to those tested in a correctional setting (o < 0.001). Of 734 active cases, 83.1% were male,
53.3% were tested in corrections, and 36.0% were Aboriginal and/or Torres Strait Islander people.

Conclusion

To strengthen Queensland’s HCV surveillance and enable effective linkage to care, several
recommendations are proposed. These include amending public health regulations to require negative
HCV RNA testing notification; establishing systematic real-time or close to real-time linkage of related
datasets, including treatment data; automating the reporting of Point of Care Testing results; implementing
a HCV clearance cascade; and adopting a centralised state-wide public health model. Addressing these
barriers will be essential to achieving optimal HCV surveillance and care in Queensland.

Keywords: hepatitis C; HCV; RNA testing; notifications; linkage-to-care; surveillance; system map
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Introduction

Hepatitis C virus (HCV) is a major public health
threat. As a bloodborne infection affecting the
liver, HCV has acute and chronic impacts and

can lead to long-term complications such as
cirrhosis, liver failure, and liver cancer. Curative
treatments, impacting both prevalence and the
progression of complications, are widely available.’
HCV disproportionately affects groups that have
historically been marginalised including people
who inject drugs, those incarcerated or with a
history of incarceration, and Aboriginal and Torres
Strait Islander people.2

Australia has committed to achieving the 2030

viral hepatitis elimination targets established by
the World Health Organization (WHO) in 2016.3
Initial progress was made by providing unrestricted
and affordable access to direct-acting antiviral
(DAA) treatments through the Pharmaceutical
Benefits Scheme (PBS) in that same year.2 Unlike
previous interferon-based therapies, DAA regimens
are short-duration, well tolerated, and have
significantly improved cure rates.?* Despite this,
declines in testing, diagnosis and treatment rates
necessitate renewed efforts to meet elimination
targets.25

Robust surveillance is critical for the evaluation

of elimination strategies. HCV is a notifiable
condition in Australia, with cases reportable under
legislation. In Queensland, data is housed in the
Notifiable Conditions System (NoCS) and shared
with the National Notifiable Disease Surveillance
System (NNDSS). Cases are classified using

the National Communicable Diseases Network
Australia (CDNA) case definitions as newly
acquired or unspecified based on recent testing
history. A data-matching surveillance strategy used
in Queensland® further enables unspecified cases
to be appropriately reclassified as newly acquired
cases, potentially accounting for the higher rates
reported to NNDSS when compared to other
Australian jurisdictions.”

Diagnosis involves serological testing for HCV
antibodies and nucleic acid testing (NAT) to
detect viraemia. Individuals whose infections clear
spontaneously (an estimated 25% of infections,
usually in the first six months)?® or through
treatment will continue to have persistent positive
antibody status despite viral clearance.® Diagnosis
of viraemia is generally made using laboratory-
based NAT for detection of HCV ribonucleic acid
(RNA), with alternatives including HCV core antigen
testing and point-of-care-testing (POCT) NAT.®

Diagnosis of viraemia is necessary to identify those
in need of treatment versus those with cleared
infection or a possible false positive antibody
result.

CDNA case definitions relying on a positive
antibody response cannot differentiate between
active infection and cleared cases, complicating
accurate reporting of incidence and prevalence.
National progress reports use modelling based on
available data sources to provide comprehensive
estimates of progress towards elimination.2 These
reports are unable to provide the granularity
needed to identify local gaps in prevention,
diagnosis, and treatment, as well as to inform and
prioritise interventions and monitor local progress
towards elimination.

HCV reinfections can occur and understanding
the trends and characteristics of individuals
experiencing HCV reinfection is needed to guide
prevention efforts and to ensure appropriate care.
In January 2023, CDNA revised its case definitions
to allow for the counting of reinfections,'®"" but
implementation has been inconsistent due to the
extensive manual work required.

Additionally, notification data can facilitate linkage
to care, a strategy known as Data-to-Care

(D2C) in the United States of America, which is

a well-established and effective public health
strategy used for people living with HIV.'>""® The
acceptability of this approach and application
methods have been explored in Australia for
HCV.16—20

The West Moreton Public Health Unit (WMPHU),
one of 13 local Public Health Units (PHU) covering
Queensland, collaborated with the Communicable
Disease Branch (CDB) of Queensland Health to
pilot a process for clinically classifying HCV cases
in Queensland based on HCV testing reported to
NoCS collected in January and February 2023.
This initiative included the implementation of the
revised CDNA case definitions for the specified
period.

Building on this previous pilot and dataset,

this study aimed to document the barriers to
implementing these definitions and identifying
populations that may benefit from targeted
support; specifically, individuals with incomplete
diagnostic testing and those with active HCV
infections. The findings aim to enhance outcome-
focused surveillance and notification-driven linkage
to care across Queensland.
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Methods

System mapping and gap
identification

A system mapping approach was employed

to identify potential gaps in the Queensland
HCV surveillance system with input from key
personnel from the Queensland Public Health
Intelligence Branch (PHIB) and the WMPHU.
Informants included epidemiologists, data officers,
public health physicians, and nurses. Mapping
focussed on identifying operational processes,
information flows, and limitations of the current
system. A detailed system map was created and
subsequently reviewed by informants to ensure
accuracy and completeness.

Descriptive data analysis of
enhanced surveillance HCV
notification data

De-identified Queensland-wide HCV notification
data, for confirmed cases tested between

1 January and 28 February 2023, were extracted
from the NoCS database. The dataset included
demographic information (age, sex, Indigenous
status), laboratory test details (type, result,
provider), geographic location, notification history
and clinical status (indeterminate, active, cleared).

Clinical status (Table 1) was a recorded field in the
data extracted. Where this field was incomplete,
the notification was excluded from analysis. For
cases where RNA testing was conducted outside
the study period, data were included if testing was

done within three months of the screening antibody

test and ordered by the same clinician. This
approach minimised the potential for artificially
inflating the number of indeterminate cases.

Table 1: Clinical status laboratory criteria

NoCS captures address at notification; a field
that is not updated with subsequent testing. Case
movement was therefore assessed using the
testing clinician’s address as a proxy for the case
address.

Statistical analysis

Descriptive analyses were conducted using
Microsoft Excel to summarise the notification data.
Counts, rates and proportions were calculated for
relevant variables. Association between relevant
variables were determined using the x2test for
proportions. A 5% level of significance was
adopted.

Ethical considerations

This study was reviewed and approved as exempt
research by the West Moreton Hospital and Health
Service Human Research Ethics Committee. The
study was granted exemption under 5.1.17 of the
National Statement on Ethical Conduct in Human
Research. HREC reference number: EX/2024/
QWMS/105695.

Clinical status Antibody result RNA result

Active Reactive/not tested Detected

Cleared Reactive Not detected
Indeterminate® Reactive Not tested/not identified

a Indeterminate clinical status differs from an indeterminate or inconclusive laboratory reported antibody test which refers
to discordant results between initial and confirmatory immunoassays which may represent a false positive or early

seroconversion.?'
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HCV surveillance system process map and gap identification

Figure 1
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Results

System mapping and gap
identification

The HCV surveillance system process map and
gap identification are shown in Figure 1. The
mapping process identified several gaps: the
absence of automated processes; missing key
data essential for implementing the CDNA case
definitions and classifying cases clinically; and an
inability to efficiently identify priority groups.

Absence of automated processes

The automated data matching process used to
identify new notifications meeting the criteria for
‘newly acquired HCV’ cases is an efficient method
for identifying this particular group. However, the
implementation of the full CDNA case definitions
(including counting of reinfections) and the clinical
classification of cases relies on time-consuming
manual processes. These include identifying,
preparing and inputting negative HCV RNA test
results, PoCT and treatment data into NoCS.

The identification of potential reinfections is also
exclusively manual, requiring the review of each
case with new testing.

Missing key data required to implement
the CDNA case definitions and classify
cases clinically

The information necessary for clinically classifying
cases as active, indeterminate and cleared, and for
identifying reinfections, must be individually sought
and entered/uploaded. This manual searching
process increases the risk of missing relevant

data and transcription errors. Moreover, without

a specific prompt (such as a positive antibody
result reported to NoCS) there is no mechanism to
signal that new data exists and can be retrieved.
Additionally, some data sources, including PoCT
databases held in individual health services, are
currently inaccessible for surveillance. This issue
extends to most treatment records and other
clinical records maintained in primary care settings
and hospitals, with inaccessible or non-existent
electronic medical records.

Inability to efficiently identify priority
groups

Priority groups for follow-up include active
untreated cases and indeterminate cases who have
not completed confirmatory testing. These groups
cannot be effectively identified due to missing data
within NoCS and the lack of inbuilt algorithms to
identify and extract data about these groups.

Descriptive data analysis to
inform system improvement

A total of 2,257 of the 2,271 HCV cases (99.4%)
were included for analysis. The remaining 14 cases
(0.6%) did not have clinical status recorded in the
extracted data. Of the included cases, 305 (13.5%)
were indeterminate, 734 (32.5%) were active and
1,218 (54%) were cleared. Most active HCV cases
were tested while in a correctional centre (391/734;
53.3%), followed by hospitals (122/734; 16.6%),
and general practice settings (117/734; 15.9%)).
The three main testing providers for indeterminate
cases were general practitioners (138/305;

45.2%), hospitals (67/305; 22.0%) and Aboriginal
Medical Services (31/305; 10.2%). A more

detailed breakdown of testing providers by clinical
classification is provided in Table 2.

Most cases (1,857/2,257; 82.3%) had previous
positive HCV testing recorded in NoCS, indicating
they were not newly diagnosed. A total of

113 cases could be identified as reinfections
according to the CDNA case definitions. Applying
this reinfection rate over a 12-month period, an
estimated 678 reinfections could be expected
annually.

For cases with previous testing on NoCS, 46.3%
(860/1,857) had testing ordered by a clinician
located in a different PHU jurisdiction to the PHU
assigned to the case at time of notification. Among
cases with testing conducted in the community,
22.3% (302/1,356) had previously undergone
HCV testing in a correctional setting, while
52.6% (471/895) of cases with testing conducted
in a correctional setting had prior testing in a
community setting. Combined, this equates to
53% of cases (1,197/ 2,257) either currently or
previously having testing in a correctional setting.
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Most cases were male (1,710/2,257, 75.8%). The
median ages for indeterminate, active, and cleared
cases were 44 years (interquartile range (IQR):
36-54 years), 35 years (IQR: 28-46 years), and

41 years (IQR: 31-52 years) respectively. Table 3
provides further demographic characteristics by
clinical classifications.

Indeterminate case status was significantly more
likely to occur in cases with community testing
compared to those tested in a correctional setting
(x3(1) = 160.74; p < 0.001). Proportionately more
Aboriginal and/or Torres Strait Islander people had
an indeterminate case status than non-Indigenous
people in the community (x3(1) = 5.64; p = 0.018)
but not in correctional settings (x3(1) = 0.14;

p = 0.710).

A significantly higher proportion of Aboriginal
and/or Torres Strait Islander males with active
case status were tested in correctional settings
compared to community settings when compared
to their non-Indigenous counterparts (x3(1) =
43.51; p < 0.001). This proportional difference

for test location by Indigenous status was not
observed for females with an active cases status
(x3(1) = 2.37; p = 0.124). A higher proportion of
Aboriginal and/or Torres Strait Islander males
with an indeterminate case status were tested in
corrections versus community settings compared
to their non-Indigenous counterparts (x3(1) = 6.50;
p = 0.011). No significant proportional difference in
test locations was demonstrated for females with
indeterminate testing by Indigenous status (x3(1) =
0.28; p = 0.598); see Figure 2.

Figure 2: Number of active and indeterminate cases by sex, Indigenous status and test location,
among cases in these categories with known sex, Indigenous status and location at time of test
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Discussion

The Sixth National Hepatitis C Strategy 2023-
2030 outlines the need for improved data and
surveillance to support elimination efforts.?? This
study identified significant constraints within
Queensland's HCV surveillance system that hinder
the provision of outcome-focused information.
These constraints include the absence of a
centralised, coordinated public health response,
incomplete data, and inefficient manual processes.

Development of a centralised
coordinated state-wide public
health response

Currently, public health follow-up of notifiable
conditions is usually conducted by local public
health units (PHUs). While this approach is effective
for most conditions, a centralised, coordinated
statewide response would be beneficial for HCV,
given the high mobility of affected individuals
and other social considerations. The inability

to capture current addresses with new testing
hampers the allocation of cases (and their follow-
up) to appropriate PHUs, an issue that has been
highlighted in a previous Queensland project.'®
This is particularly problematic given the rates

of movement demonstrated in this study, both
geographically and between community and
correctional facilities.

Creating a clearance cascade

Most Australian projects utilising HCV notification
data have focused on the follow-up of newly
diagnosed cases. However, as we approach
elimination goals, it is crucial to also prioritise
individuals with long-standing untreated infections
and those who have been reinfected. A clearance
cascade can categorise individuals based on
their testing history and clinical status, providing
valuable insights into gaps in care and informing
and monitoring interventions and overarching
strategies.?*-2¢ While there are variations in the
specific steps used in published clearance
cascades, most include screening, viral testing,
initial infection status, cured/cleared status, and
persistent infections/reinfections.23-25.27-32

The clinical classifications used in this study align
with the clearance cascade and demonstrate

the benefits of characterising priority groups to
inform interventions. Indeterminate cases primarily
received testing in community settings and these
sites could be targeted for clinician education

and system improvements to increase reflex RNA
testing immediately following a positive antibody
result.

Active cases were more likely to be male and
tested in correctional settings, highlighting

the need for targeted interventions in these
facilities including comprehensive blood-borne
virus prevention measures. Despite lower rates
of infection, previous Australian studies have
identified women as a group needing targeted
support due to lower treatment uptake.??%23% This
study suggests that females with active HCV
were more likely to receive testing in community
settings, underscoring the need for different
strategies to enhance outcomes for this subgroup.

Consistent with other population studies in
Australia, Aboriginal and/or Torres Strait Islander
people were disproportionately represented in
both indeterminate and active case categories
compared with non-Indigenous people. Our study
found higher rates of active infection among
Aboriginal and Torres Strait Islander people living
in Queensland than has been reported in studies
conducted in New South Wales and Victoria.'6-30:32
The significantly higher proportion of active HCV
cases among Aboriginal and Torres Strait Islander
males tested in corrections settings highlights

the need for increased investment in culturally
appropriate strategies co-led by Aboriginal and
Torres Strait Islander people to address this
disparity.®*

As the proportion of cleared cases increases, it
becomes essential to identify and exclude them
from ongoing follow-up, allowing for more efficient
use of limited resources. Due to the high volume
of incoming testing (over 2,200 tests in this two-
month period), an analytical tool such as Power Bl
would enable this process by automatically placing
cases within the clearance cascade.

Commun Dis Intell (2018) 2025;49 e doi.org/10.33321/cdi.2025.49.035 ¢ Epub date: 30.07.2025 1



Improving data completeness

Missing data, including RNA results, significantly
impacts the ability to create a clearance cascade
and accurately classify case status. Manual
identification and entry of missing data is time-
consuming and unsustainable.” Increasingly, RNA
testing is occurring through PoCT with data stored
in individual healthcare settings necessitating
manual clinician notification. Automating this
process would improve data completeness and
would reduce the potential for transcription errors.

The inability to distinguish between active

and cleared cases is a common limitation of
HCV surveillance projects and reports. The
notification of negative RNA results is a critical
step in improving HCV surveillance and linkage
to care and is a frequent recommendation in
Australian'®'® and overseas literature.?+?"-2° By
requiring laboratories to report negative results,
both prospectively and historically, manual search
processes can be reduced, data completeness
can be improved, CDNA case definitions can be
effectively implemented, and timely public health
follow-up can occur. Additionally, establishing
routine reflex RNA testing would enhance these
outcomes and remove the risk of incomplete
diagnostic testing.'®

Data completeness limited the extent of some
of our analyses. Data linkage, particularly with
PBS treatment data, has the potential to enhance
data quality and enable better characterisation
of groups within the cascade of care. However,
challenges such as data access delays and
inconsistent recording of key information can
hinder its implementation. Parameters that have
been successfully linked in other studies include
treatment rates, residential location (metro/
regional/rural), coinfections and information that
would exclude a case from follow-up, such as
death and relocation interstate.28-30

Obtaining data through means other than data
linkage has been attempted by contacting
clinicians. This process was found to be time-
consuming and did not produce a complete
data set as key information such as ethnicity
was not consistently recorded by clinicians.'"®
Projects that have pursued data linkage have
reported extensive delays in receiving approvals
for and access to linked data.?®% If pursued, data
linkage arrangements would need to be timely
and ongoing to accurately reflect the gaps in
prevention, testing and treatment in real time.*
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Limitations of this study include a short study
period with the potential for extrapolation

errors due to seasonal testing trends. This
prevented further breakdown of the data,
including characterisation of new versus historic
notifications. The use of the testing provider
address as a proxy for the case address may
introduce inaccuracies in assessing geographical
movement. Due to the system constraints
identified in this study, the true number of
indeterminate cases may be lower than reported
due to unidentified RNA results. Actioning the
recommendations outlined above will enhance
data completeness, will improve system and
process efficiency, and will eliminate these
limitations making it possible to conduct more
robust evaluations over a longer study period.

Conclusion

Significant system constraints impede the
implementation of outcomes-focused HCV
surveillance and notification-driven linkage to

care in Queensland. Addressing these challenges
requires a multifaceted approach including: a
centralised, co-ordinated public health model;
linkage of relevant data sources to NoCS including
PBS treatment data; amending public health
regulations to require the notification of negative
HCV RNA results; automating processes for

PoCT data reporting; and the implementation of
an analytical data tool to create a HCV clearance
cascade. Clinical categorisation of notifications
provides insight into progress towards elimination
targets and gaps in prevention and service delivery
and enables the monitoring of interventions and
overarching strategies.

As we progress towards elimination goals,
surveillance needs to become more individually
focused to ensure prevention, testing and
treatment are delivered effectively and equitably.
System improvements to move from manual
processes will require resources, time and effort
but will allow more focused and appropriate public
health follow-up to increase linkage to care and
treatment and bring multifaceted benefits. By
addressing the identified barriers, Queensland
can enhance its ability to effectively monitor HCV
transmission, to identify individuals in need of care,
and ultimately to achieve the goal of hepatitis C
elimination.
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