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Purpose: Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) persist as public

health issues in developing countries and among disadvantaged communities in high-income

countries, with rates in Aboriginal and Torres Strait Islander peoples in Australia among the

highest recorded globally. A robust evidence base is critical to support policy recommenda-

tions for eliminating RHD, but available data are fragmented and incomplete. The End RHD

in Australia: Study of Epidemiology (ERASE) Project aims to provide a comprehensive

database of ARF and RHD cases in Australia as a basis for improved monitoring and to

assess prevention and treatment strategies. The objective of this paper is to describe the

process for case ascertainment and profile of the study cohort.

Patients and methods: The ERASE database has been built using linked administrative

data from RHD registers, inpatient hospitalizations, and death registry data from 2001 to

2017 (mid-year). Additional linked datasets are available. The longitudinal nature of the data

is harnessed to estimate onset and assess the progression of the disease. To accommodate

systematic limitations in diagnostic coding for RHD, hospital-only identified RHD has been

determined using a purposefully developed prediction model.

Results: Of 132,053 patients for whom data were received, 42,064 are considered true cases

of ARF or RHD in the study period. The patient population under 60 years in the compiled

dataset is more than double the number of patients identified in ARF/RHD registers (12,907

versus 5049). Non-registered patients were more likely to be older, non-Indigenous, and at a

later disease stage.

Conclusion: The ERASE Project has created an unprecedented linked administrative

database on ARF and RHD in Australia. These data provide a critical baseline for efforts

to end ARF/RHD in Australia. The methodological work conducted to compile this database

resulted in significant improvements in the robustness of epidemiological estimates and

entails valuable lessons for ARF/RHD research globally.
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Introduction
Global Burden And Pathophysiology Of ARF And RHD
In 2018, the 71st World Health Assembly adopted a resolution on rheumatic fever

and rheumatic heart disease (RHD), acknowledging them as preventable yet greatly

burdensome diseases.1 Acute rheumatic fever (ARF) is an autoimmune reaction to a

Group A Streptococcus (Strep A) infection in the throat or skin.2,3 ARF, especially

when recurring, can cause chronic RHD, characterized by permanent cardiac valve

damage resulting in premature morbidity and mortality. The disease trajectory
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typically starts in childhood with a median age of 12 years

at first ARF diagnosis and RHD commonly diagnosed later

in adolescence and early adulthood.2,4 There is currently

no vaccine against Strep A infection and no cure for RHD.

Secondary prevention protocols after ARF involve regular,

long-acting penicillin injections every 3 to 4 weeks for

several years to prevent further Strep A infections and

mitigate disease progression. Surgical intervention is

often required in the management of severe RHD.5–7

It is estimated that RHD affects around 30 million

people globally, often leading to permanent disability and

305,000 premature deaths annually.8 Strep A infections are

associated with inadequate hygiene and overcrowding,

which are driven by insufficient access to good sanitation

and adequate quality housing.9 Consequently, RHD is

considered to be a disease of disadvantage. Because of

its significant environmental and socioeconomic etiology,

ARF/RHD is an endemic public health problem in many

low- and middle-income countries,5,6,8,10 while the disease

has been virtually eradicated from the general populations

of high-income countries. However, among disadvantaged

communities, the disease remains hyper-endemic. In

Australia, RHD predominantly impacts Aboriginal and

Torres Strait Islander people (hereafter respectfully

referred to as Indigenous).11–13

ARF And RHD In Australia: The Need

For Baseline Data
Indigenous people in Australia are the nation’s first peoples,

comprising 3.3% of the population. Indigenous Australians

have a younger age structure than the rest of the population

(median age 23 vs 38 years14) and experience an eight-year

shorter life expectancy.15 Indigenous people in Australia are

reported to have some of the highest RHD prevalence rates

in the world,5 with the differential in RHD burden between

Indigenous and non-Indigenous Australians being one of

the highest of all disease groups reported.16 These inequities

are complex and intersecting, with the underlying cause

relating to historical and ongoing colonization that has led

to the disruption of culture, dispossession of ancestral lands,

forced removal of children from families, and systemic

social and economic disadvantage.17–19

In 2009, the Australian government introduced the

Rheumatic Fever Strategy (RFS), which focussed on build-

ing the infrastructure (including RHD registers) and disease

control capacity in the four jurisdictions where the disease

burden is the highest. These are Northern Territory (NT),

Queensland (QLD), South Australia (SA) and Western

Australia (WA). New South Wales (NSW) established its

own register in 2015. These registers include patient recall

systems to support secondary prophylaxis of ARF, care

coordination, and support for the health workforce amongst

a range of other strategies.20 An outline of the components of

the RFS, contemporary guidelines for clinical management,

epidemiological data sources, and ARF and RHD estimates

can be found at https://www.rhdaustralia.org.au/arf-rhd-

guideline. In 2016, the END RHD Coalition (https://

endrhd.org.au/) was formed by research, professional, non-

governmental, and Aboriginal and Torres Strait Islander

organizations to advocate for a more comprehensive govern-

ment strategy to eliminate ARF/RHD as a public health

concern in Australia by 2031. This movement is gaining

momentum.21,22

To develop realistic targets for disease control, com-

prehensive national baseline data to calculate the incidence

and prevalence of ARF/RHD across Australia are required,

including important stratifications by age, sex, Indigenous

status, geography, and other indicators. However, data on

ARF/RHD burden in Australia are fragmented and sources

operate independently so that comprehensive and accurate

data cannot be obtained from a single source. The five

jurisdictional RHD registers provide the most detailed data

available, but mainly capture Indigenous and children and

young adults and generally have incomplete coverage of

the ARF/RHD patient population, due to resource and

administrative constraints. Primary health care data,

which would provide useful information regarding ARF/

RHD, are not easily accessible to researchers, and

International Classification of Disease (ICD) codes in hos-

pital data have systematic limitations, usually overestimat-

ing hospitalizations with RHD.23

Filling this knowledge gap is the primary purpose of

the End RHD in Australia: Study of Epidemiology

(ERASE) Project. The World Health Organization

(WHO) RHD resolution explicitly notes the paucity of

data as a barrier to progress in addressing ARF/RHD and

highlights the need for reliable estimates of the national

burden of RHD as a priority activity.24

Linked Administrative Data As A Critical

Tool For Burden Estimation
The ERASE Project uses linked administrative data,

including information from ARF/RHD registers, hospital

data, death records, and various other sources (see
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Supplementary Table 1), to create a comprehensive data-

base for characterizing the ARF/RHD patient population

and estimating the burden of ARF and RHD. Using linked

data provides more reliable estimates of the ARF and

RHD burden as the linked dataset allows for a person’s

records to be followed across different data collections,

compensating for the incompleteness of data from a single

source. The longitudinal nature of the data then allows an

accurate estimation of disease onset and progression.

The aims of the ERASE Project are to determine the

baseline burden of ARF/RHD in Australia and to develop

further insights into the progression of the disease as a

basis for improved monitoring and to assess secondary

prevention and treatment outcomes. The purpose of this

paper is to (1) provide a detailed account of the compila-

tion and preparation of the ERASE database; (2) compare

the information available from the different data sources

and profile the ARF/RHD patient population; (3) dissemi-

nate our data collection and methodological work on ARF/

RHD to facilitate collaboration and access to our methods

for other researchers.

Materials And Methods
Data were available for the five Australian jurisdictions

where the disease burden is the highest and where ARF/

RHD registers have been established: NSW, NT, QLD, SA

and WA. Together these five jurisdictions are home to 86%

of Indigenous Australians (at 30 June 2016).14

Description Of Data Sources And Data

Linkage
Probabilistic data linkage was undertaken separately by the

relevant linkage units in each jurisdiction. De-identified data-

sets including unique person identifiers (and for hospital

records, admission identifiers) were provided to the authors.

Within-jurisdiction data linkage was undertaken for WA,

QLD, and NSW. SA and NT were linked cross-jurisdiction-

ally, such that an individual could be followed across state

boundaries, due to the substantial cross-regional flows of

patients between regions. The well-documented geographi-

cal high mobility of many Indigenous Australians – particu-

larly those living in remote regions – reflects a range of (often

predictable) familial, cultural, logistic and service-seeking

imperatives.25,26 While some movement across borders also

applies to the other jurisdictions in Australia, this happens on

a smaller scale27 and the benefit of cross-jurisdictional data

was outweighed by the substantially shorter delivery times of

jurisdiction-specific data. As with many data linkage projects

in Australia,28,29 receipt of the data occurred more than three

years after first initiating the multiple applications for data.

This delay reflects one of the major limitations of obtaining

health data for surveillance in Australia, exacerbated by the

federal structure, where legal frameworks and bureaucratic

processes/requirements differ across jurisdictions.28

Supplementary Table 1 details which content data collections

are available for different jurisdictions and provides a brief

description of the type of information included. Five data

collections are available for all jurisdictions: ARF/RHD reg-

isters, inpatient admissions, emergency department presenta-

tions, the National Cardiac Surgery Database of the

Australian & New Zealand Society of Cardiac & Thoracic

Surgeons (ANZSCTS),30 and death records. However, the

ARF/RHD registers have varying establishment dates across

jurisdictions and, similarly, cardiac units started contributing

data to the ANZSCTS database at different points in time.

Definition Of The Data-Generating

Cohort
The data-generating cohort includes all people in NSW,

NT, QLD, SA, or WA for whom data were linked by

the data linkage units; specifically, any person who

has/had:

1. a record on an Australian ARF/RHD register (has

been “registered”) or

2. at least one hospital admission (including all public

and most private hospitals) with an ICD-10-AM

(Australian Modification) code of I00 to I02

(ARF) or I05 to I09 (RHD) in any diagnosis field or

3. a death registry record coded as I00 to I02 (ARF) or

I05 to I09 (RHD) or an equivalent free text field

(for later periods where the cause of death coding

was not available) in any cause of death field.

Data time frames vary between jurisdictions (see

Supplementary Table 1), but all cover the period between

2001 and 2017 (mid-year), with more recent data available

for most jurisdictions. WA hospital and death data are

available from 1980.

The data-generating cohort itself or any individual data

source alone is not a suitable basis for epidemiological

analyses of ARF/RHD. In particular, systematic biases in

the predictive accuracy of the ICD codes for RHD (I05-

I09) in the hospitalization data have been identified,
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limiting their usefulness for case identification and

analysis.23 Methodological work has been conducted by

the ERASE Project to strengthen the robustness of ARF

and RHD case identification in administrative data.

Identification Of ARF And RHD Cases
Since ARF is a potentially recurrent acute condition, it is

important to identify every distinct episode of ARF as

accurately as possible. An ARF episode was defined as

an ARF record with >90 days free of an ARF diagnosis

from any data source.31 In contrast, RHD is a chronic

condition. Hence, the objective was to correctly establish

the onset of the disease by identifying the earliest reliable

record of RHD for each person. Further, an effort was

made to distinguish severe from mild or moderate RHD

cases, in accordance with the priority classification oper-

ationalized in the Australian RHD guidelines.32

A first-ever record of ARF or RHD was ascertained by

employing a lookback period where a person’s records were

searched for any previous record of ARF/RHD across all

available data sources. The ARF/RHD status information

presented in this paper uses all data from the earliest avail-

able. Forthcoming publications as part of the ERASE Project

will conduct sensitivity analyses to justify the appropriate

choice of lookback periods and/or data source(s) for specific

analyses. Methods for identifying “first-ever” status for ARF

and RHD will be described in detail in each relevant pub-

lication, as these may differ, depending on the research

question, study period, lookback period and data sources

used. Various sources of validation of RHD status (including

ARF/RHD registers, ANZSCTS database, pediatric surgical

data, QLD and WA file audits, see Supplementary Table 1),

are available where ARF/RHD status has been verified

through case follow-up, file audits or availability of detailed

clinical variables.

Identification Of ARF And RHD Cases Using ARF/

RHD Register Data

According to the Australian RHD guidelines, every case of

ARF and RHD should be clinician-notified for inclusion in

a jurisdictional ARF/RHD register, if a register is existent

in the jurisdiction where the diagnosis occurred.32 Hence,

register data have been used in much of the previous

research on ARF and RHD in Australia.4,33–38 However,

there are substantial issues with regard to case capture and

data accuracy on these registers, particularly in regions

other than the Northern Territory (see Results for details).

In addition, echocardiography screening studies in school

children in high-risk Northern Australian communities

found that 53% of children with definite RHD by World

Heart Federation criteria had no previous RHD diagnosis

recorded.39 This suggests substantial under-diagnosis and

consequently gaps in register completeness.

An ARF case was defined as any person with at least

one episode of ARF recorded on a jurisdictional ARF/RHD

register. A person was defined as having RHD from the

earliest date of RHD assessment that was evaluated as

“mild”, “moderate”, or “severe” RHD, or surgery for

RHD was recorded on a jurisdictional ARF/RHD register.

A person’s RHD status was determined to be “severe” from

the first date that an RHD assessment status was recorded as

“severe” or the register had a record of an RHD-related

surgery or procedure (Australian Classification of Health

Interventions blocks 621–638).40

Identification Of ARF And RHD Cases Using

Hospital Data

In addition to register records, hospitalization data can be

used to identify cases of ARF/RHD, especially since data

are collected in a relatively standard manner over time and

across jurisdictions. A large proportion of cases are likely

to be hospitalized, particularly since the release of the

2012 Australian RHD guidelines, which recommended

that every person diagnosed with suspected ARF should

be hospitalized upon onset of symptoms as soon as possi-

ble for specialist review and confirmation of the diagnosis.

People living with RHD usually require hospital care

intermittently to treat their symptoms and receive specia-

list routine-recommended care.

Substantial methodological work was conducted as part

of the ERASE Project to develop robust methods for

identifying ARF and RHD cases in hospital admission

data. Principal diagnosis was used as the primary identifier

of acute episodes of ARF. In addition, an extended defini-

tion of ARF was developed that implements the Australian

diagnostic criteria for ARF in detail. The extended defini-

tion considers the secondary diagnosis of ARF if coded

alongside a principal diagnosis of a key symptom of ARF

(fever, polyarthritis, subcutaneous nodules, heart block/

electrical conduction abnormalities, or other heart-related

symptoms) and excludes cases for which alternative diag-

noses for these symptoms were provided.32 Details regard-

ing the inclusions and exclusions for this definition can be

requested from the authors. This definition provides an

upper bound estimate of ARF incidence. Upon implemen-

tation of this extended definition, only a small number of
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additional episodes were identified (n=35, 0.5% for the

analysis cohort). This can be interpreted as providing

additional confidence in the reliability of considering

only principal diagnoses.

Previously, we identified systematic issues with the ICD

codes for RHD.23 For example, false positives may occur

because of the ICD codes for nonspecific valvular heart

disease default to RHD (for example, I05.9, I06.9, I07.9,

I08.9). In 2016, the ERASE Project consulted clinical

researchers, epidemiologists, RHD control staff, and gov-

ernment health analysts to propose a qualitative algorithm

that evaluates the reliability of ICD codes for RHD.23 It was

validated on a sample of RHD cases (n=368) from selected

tertiary hospitals in WA41 resulting in a substantially

improved positive predictive value for Indigenous patients

�35 years but less improved for other subgroups.23

Consequently, a more quantitative approach was undertaken

to develop a prediction model for RHD ICD codes based on

a large dataset containing validated cases and non-cases

from QLD and the NT (n=7555).42 With this prediction

equation, an area under the receiver operating characteristic

curve (AUC) of 0.93 could be achieved.42 This prediction

model also alleviates misclassification of ARF as RHD

which had not been addressed in the previous literature.

Because of the improvement in case ascertainment, the

ERASE Project defines a person as an RHD case from the

date of the earliest hospital admission date identified to be

RHD by this prediction model.

For RHD cases, as defined above, “severe” RHD was

determined to commence with the first hospital admission

with heart failure (as identified by ICD-10 code I50) or an

RHD-related surgery or procedure (Australian Classification

of Health Interventions blocks 621–638).40

Hospital admission and separation dates were adjusted

for intra- or inter-hospital transfers by considering any

admission occurring on the same or the next day as their

previous separation date or any nested admissions as part

of the same hospital episode.

Identification Of RHD Cases Using Surgical Data

Adult Cardiac Surgery Data

The ANZSCTS database provides another opportunity to

identify people with RHD, albeit for late-stage cases. A

person was defined to be an RHD case if a surgery with a

“rheumatic” valve pathology was recorded in the

ANZSCTS database. A valve-specific variable available in

the database identifies surgeries with a rheumatic valve, but

only RHD cases can be identified (RHD non-cases not

identifiable), because other possible categories (for exam-

ple, valve repair) do not exclude a history of RHD.

Paediatric Cardiac Surgery Data

Paediatric patients from SA and NT are transferred inter-

state to the Melbourne Royal Children’s Hospital

(Victoria) for surgical procedures for RHD. Data were

extracted from the Royal Children’s Hospital for paediatric

RHD patients from SA and the NT in our cohort.

Identification Of ARFAnd RHD Cases Using Other Data

Emergency department presentations data were used to

identify ARF cases (persons) and episodes (per person).

Because of the concerns with RHD diagnosis codes for the

inpatient data, RHD diagnoses recorded in the emergency

department data were only considered for cases validated

through other sources.

Primary care data on ARF/RHD were only available

for ~60 government clinics in the NT and were considered

for those cases.

Finally, the ERASE Project has access to an additional

885 cases validated through file audit from QLD obtained

from file audits as part of a case-finding program run by

the QLD RHD control program that was linked to the

cohort. In addition, 368 separately validated cases from

tertiary hospitals in WA were also linked.41

Definition And Characteristics Of The

Study Cohorts
Given the plethora of data sources for case identification

and their individual strengths and weaknesses, defining

study cohorts required careful consideration in order to

balance several objectives. These include the following:

● Reliable identification of true positive cases
● Maximizing accurate case capture
● Comparability of case counts over time and across

jurisdictions (especially to allow for reliable projec-

tions for the high-burden jurisdictions at the quasi-

national level)
● Comparability to data used in previous research and

data monitored by the ARF/RHD control programs

and peak bodies.

Based on these considerations, three study cohorts were

defined, henceforth referred to as register, analysis, and

expanded cohorts (Table 1). Figure 1 visualizes the

cohorts’ relationships to each other and to the original
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